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ABSTRACT 

Despite important advances in critical care medicine during the last two decades, the 

mortality rate of sepsis has remained high, probably because the pathogenesis of sepsis 

is still incompletely understood. Recent studies have shown that sepsis is a bimodal 

entity. The first phase is characterized by the systemic release of pro-inflammatory 

cytokines such as tumor necrosis factor-α (TNF-α), interleukin-1 (IL-1), and IL-8, and 

by activation of the complement and coagulation cascades. In the second phase, anti-

inflammatory mediators such as transforming growth factor-β (TGF-β), IL-10 and 

prostaglandin E2 (PGE2) may be released in an effort to counteract ongoing 

inflammation. Depending whether the pro- or anti-inflammatory response 

predominates, sepsis results in a systemic inflammatory response syndrome (SIRS), or 

a compensatory anti-inflammatory response syndrome (CARS). So far, most efforts to 

intervene in the immunopathogenesis of sepsis have been directed at the pro-

inflammatory response. None of these interventions has been shown to improve the 

prognosis of sepsis, possibly because many patients were already in a state in which 

anti-inflammatory responses dominated. Recently, it has been shown that decreased 

expression of HLA-DR on monocytes in patients with sepsis constitutes a marker for 

CARS. We suggest that HLA-DR expression on monocytes might constitute a useful 

indicator of the immunological status of the individual patient with sepsis and a guide 

for treatment. Patients with CARS, as manifested by low HLA-DR expression, might 

benefit from immunostimulants, while patients with SIRS and normal or high 

monocyte HLA-DR expression should receive treatment directed to interfere with pro-

inflammatory pathways. 
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INTRODUCTION 

Sepsis is a leading cause of acute hospital admissions, and, in addition, often 

complicates the clinical course of patients hospitalized for other reasons. Sepsis is 

defined by a microbiologically documented infection that is associated with a systemic 

response, consisting of hyper- or hypothermia, an increased or decreased white blood 

cell count, tachycardia and tachypnea (56). Despite modern antimicrobial therapy and 

intensive care facilities, the mortality rate of sepsis remains high at 30–40%, and 

morbidity in survivors may be considerable. The incidence of sepsis is rising, because 

of increasing numbers of old patients and of patients with complicated conditions, 

including major trauma, extensive surgery, and immunosuppressive treatment. 

The immune system plays a pivotal role in the pathogenesis of sepsis. In this 

review we will discuss new insights in this syndrome, with special emphasis on the role 

of HLA-DR expression on monocytes as a prognostic marker and as a guide to direct 

im munomodulatory therapy. 

 

PATHOGENESIS OF SEPSIS 

Traditionally, sepsis was considered to be an overwhelming and persistent, 

inflammatory response of the immune system to a bacterial infection. This response is 

initiated by bacterial toxins, such as the endotoxin of gram-negative organisms and the 

lipoteichoic acid-peptoglycan complex of gram-positive bacteria. In gram-negative 

sepsis, binding of lipopolysaccharide (LPS) to the CD14 receptor on the cell 

membrande results in activation of monocytes and macrophages. In addition, LPS may 

bind to soluble CD14, and this complex subsequently interacts with, and activates, 

endothelial, and smooth muscle cells (57). It is not completely clear how gram-positive 

bacteria activate monocytes, but both CD14-dependent mechanisms may play a role 

(11).  
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Figure 1. A simplified scheme of the pro-inflammatory response of sepsis designated as SIRS. 
After bacterial toxin release monocytes (mono´s) and macrophages (M) produce massive amounts 
of TNF-α, IL-1, IL-6, IL-8 and reactive oxygen species (ROS), platelet activating factor (PAF), 
and nitric oxide (NO). Together with endothelial activation this initiates a cascade of reactions, 
which leads ultimately to endothelial damage, capillary leakage, edema, vasodilatation and 
systemic hypotension. In order to prevent sepsis, septic shock, multi organ failure (MOF) and 
eventually death, the left side of the figure shows potentially pharmacologic interventions. Anti 
LPS; anti TNF; soluble TNF receptor; IL-1-RA (receptor antagonist); PAF antagonist; nitric 
oxide-inhibitors (N-v-nitro-L-arginine methyl ester) (NO-inhibitors (L-NAME)). 
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Figure 2. The pathogenesis of CARS. After the release of bacterial toxins a pro-inflammatory 
response follows. The anti-inflammatory response is probably mainly initiated by IL-10, TGF-β 
and PGE2. Monocyte deactivation follows, manifested by low antigen presenting activity and low 
release of pro-inflammatory cytokines, such as TNF-α, IL-1, IL-6, IL-8 and IFN-γ. Intervention in 
the pathophysiology of CARS is possible by administration of IFN-γ and possibly Granulocyte 
Macrophage–Colony Stimulating Factor (GM–CSF). 
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Activated monocytes and macrophages release large amounts of TNF-α, which can be 

considered to be the principal mediator that sets the septic response in motion. In 

addition to TNF-α, monocytes/macrophages produce other pro-inflammatory mediators 

including IL-1 and IL-6, eicosanoids, reactive oxygen species (ROS), platelet 

activating factor, and nitric oxide (NO); whereas activated endothelial cells release 

inflammatory mediators like IL-1, IL-6, IL-8 and NO. Bacterial cell wall products 

interact with and activate the complement and coagulation cascades, damaging the 

endothelial surface. During activation of endothelial cells the expression of adhesion 

molecules is increased. Polymophonuclear granulocytes become activated and, via 

interaction with adhesion molecules, adhere to, and transmigrate through the 

endothelial monolayer. During this process, the activated granulocytes release oxygen 

radicals and proteases, thereby killing micro-organisms. However, these products may 

also damage endothelial cells (58).  NO, prostaglandins and kinins released by 

endothelial cells all cause profound vasodilatation which, in combination with 

widespread endothelial damage, results in systemic hypotension, capillary leakage, and 

edema. Although the inflammatory response is intended to eliminate the invading 

micro-organisms, causing sepsis to deteriorate into septic shock, multiple organ 

dysfunction, and death (see Figure 1) (56,59).  Numerous efforts have been made to 

intervene at various levels of this inflammatory cascade. Neutralising antibodies 

against LPS (15), or TNF-α (16,17), soluble TNF receptors (18), IL-1 receptor 

antagonists (19), platelet activating factor-antagonist (20), high-dose corticosteroids 

(21), and inhibitors of the arachidonic acid pathways were all found to be effective in 

animal models, but none of these agents has resulted in a clinically significant survival 

benefit in humans so far (for review see (60)). No synthase-inhibitors might also form a 

rational intervention in patients with sepsis. However, mortality was not reduced by 

treatment of hypotensive septic patients with L-NAME (N-ω-nitro-L-arginine 

methylester) (61). This failure to impact on the outcome of sepsis has been thought to 

reflect the fact that these immunomodulatory agents had been administered several 

hours after the onset of sepsis. At that time, the inflammatory response probably had 

been fully activated, and was no longer dependent on its initial stimuli. Only single 



HLA-DR on monocytes in sepsis 

27 
 

agents were tested in these trials, each directed at one of the early steps in the 

pathogenesis of sepsis. Combination of agents might be required for blocking the septic 

response, targeting multiple, probably more distal sites of the inflammatory cascade. 

Another explanation, which does not exclude the previous one, suggests that sepsis just 

is not as simple as we have always thought. Indeed, the concept that the septic response 

consists only of an overwhelming inflammatory reaction, the so-called systemic 

inflammatory response syndrome (SIRS), is probably not correct.  It has become 

evident in recent years that the inflammatory response is followed by counter-

regulatory anti-inflammatory reactions that are intended to prevent undue tissue 

destruction from uncontrolled inflammation. This anti-inflammatory reaction may 

become the dominant pathophysiologic abnormality, and may result in a state of 

immunological anergy with an increased risk of secondary infections. Bone introduced 

the term compensatory anti-inflammatory response syndrome (CARS) for this situation 

(Figure 2) (22). Therefore, Bone has proposed to consider the immunologic response in 

sepsis as a spectrum, with overwhelming inflammation (SIRS) on the one end, 

profound immunodepression (CARS) on the other, and the mixed antagonistic response 

syndrome (MARS) that has features of both extremes in between (22). Both pro- and 

anti-inflammatory responses may give rise to fatal complications. This spectrum 

concept of sepsis explains why immuno-interventions directed against the pro-

inflammatory response have been ineffective. Since patients were treated irrespective 

of their immune status, inhibition of inflammation might have been beneficial in 

patients with SIRS, but deleterious in patients with predominant CARS.  

It has to be stressed that the validity of the concepts of CARS and MARS still 

has to be proven. However, if this hypothesis of sepsis as a spectrum of pro- and anti-

inflammatory responses is correct, it follows that immunomodulation will be effective 

only it is tailored to the immune status of the individual patient.  

 

HLA-DR EXPRESSION ON MONOCYTES IN PATIENTS WITH SEPSIS 

Monocytes and macrophages play a central role in the immune response against micro-

organisms and in the pathogenesis of sepsis, as already discussed above. The are 



Chapter 2 

28 
 

essential for phagocytosis and killing of micro-organisms, production of cytokines, and 

presentation of microbial antigens to T cells, thus initiating and regulating both cellular 

and humoral immune responses.  

It was first shown by Hershman et al. that decreased expression of HLA-DR 

on peripheral blood monocytes (Figure 3) was associated with an increased risk of 

infectious complications in trauma patients (23). Subsequently, these findings were 

extended to various other categories of patients. Low HLA-DR expression was found 

to predict sepsis in patients with thermal injury (62), patients undergoing major 

abdominal surgery (24,25), neurosurgery (26), or liver transplantation (63), and in 

patients on ventricular assist device awaiting cardiac transplantation (27) Table 1. 

Moreover, the degree of  expression of HLA-DR on monocytes in patienst with 

established sepsis was shown tob e of prognostic significance. Low HLA-DR 

expression on monocytes on five consecutive days was associated with a mortality rate 

of 81% (31). In addition, 11 out of 12 transplant patients with sepsis and low HLA-DR 

expression on monocytes, in whom immunosuppression was kept unchanged, died, 

whereas all 20 patients with similarly low HLA-DR expression, in whom 

immunosuppression was rapidly tapered, survived (28). 
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Table 1. Association between HLA-DR expression and the risk of infection or death 

Patient category Number of 

patients 

Reference Comment 

Recipients of  

immunosuppression because 

of organ transplantation or 

autoimmune disease 

 

21 (28) Monocyte HLA-DR expression 

was <20% in all patients; 0/13 om 

whom immunosuppression was 

kept unchanged. 

Liver transplant recipients 20 Personal 

experience 

and (63) 

Expression of HLA-DR on <50% 

of monocytes preceeded sepsis in 

all 7 patients 

Trauma patients 69 (23) Low HLA-DR expression 

correlated with development of 

infections and death. 

Patients undergoing elective 

laparotomy 

24 (25) Five patients with a low 

percentage of HLA-DR 

expression before and seven days 

after the operation developed 

surgical wound infections. 

 36 (24) Twelve patients with low HLA-

DR expression developed sepsis 

Patients with a ventricular 

assist device awaiting cardiac 

transplantation 

30 (27) Seven of nine patients who died 

of septic MOF had low 

percentage HLA-DR expression. 

Neurosurgery 46 (26) Nine of ten patients with a low 

percentage of HLA-DR 

expression developed infectious 

complications. 
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Figure 3. Leukocyte activation in 2 patients with sepsis and in a healthy individual. The 
course of expression of HLA-DR on monocytes (Fig. 3A and C) and of plasma 
concentrations of interleukin 10 is shown (Fig. 3B and C). Arrows indicate the length of stay 
at the ICU for patient 1 and patient 2. The horizontal line represents expression of HLA-DR 
on monocytes at an intensity of 30% of healthy controls (N=5). 



HLA-DR on monocytes in sepsis 

31 
 

Direct comparison between studies is somewhat hampered by the fact that 

different parameters were used to quantify HLA-DR expression (either as the 

percentage of HLA-DR-positive monocytes, or as the mean fluorescence intensity of 

the HLA-DR signal of the monocyte population). Similarly, various cut-off values have 

been used for what constitutes pathologically low HLA-DR expression (e.g., 20% (28), 

30% (27), 50% (63). Thus, standardization of methodology and cut-off values will 

become an important issue. Since many patients with low HLA-DR expression died as 

a result of superinfections, Volk et al. coined the term immunoparalysis to denote this 

condition. They subsequently demonstrated that the capacity for antigen presentation of 

monocytes taken from patients with immunoparalysis is reduced, which is in 

agreement with the role of HLA-DR in the presentation by monocytes of antigens to T 

cells (30). However, it is difficult to accept that decreased antigen presentation would 

predispose to bacterial infections in view of the limited importance of T cells in 

antibacterial immunity. The finding that monocytes expressing low amounts of HLA-

DR also produce lower amounts of pro-inflammatory cytokines, such as TNF-α, IL-1, 

IL-6, IL-8, and IFN-γ, offers a better explanation for the association between decreased 

HLA-DR expression and infections (30). It followed logically that these ´deactivated´ 

monocytes were a marker for, and probably a mediator of, CARS. Therefore, 

elucidation of the pathogenesis of monocyte deactivation, and the development of 

strategies to restore normal monocyte function, have become important objectives that 

may have a major impact of the treatment of sepsis.  

 

MEDIATORS OF MONOCYTE DEACTIVATION 

In cultures of monocytes that have been stimulated with LPS, high levels of the pro-

inflammatory cytokines IL-1, IL-1, IL-6, IL-8, TNF-α, GM-CSF and G-CSF can be 

detected within 4–8 h (64). Production of IL-10, a cytokine with potent anti-

inflammatory effects on monocytes and on T 1 lymphocytes, peaks 24–48 h after 

stimulation (64). Probably, release of IL-10 is important to downregulate the 

inflammatory response. In monocytes that have been stimulated with LPS, reexposure 

to LPS leads to low production of pro-inflammatory cytokines, whereas release of anti-
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inflammatory mediators such as IL-10 is increased (65). This ‘LPS desensitization’, 

which is mediated by IL-10, transforming growth factor-β (TGF-β), and probably by 

prostaglandin E2 (PGE2), is an other counter-regulatory mechanism intended to control 

the inflammatory response (65). It has been postulated that monocyte deactivation that 

occurs during sepsis is caused by IL-10 (65-68) and PGE2 (66,69). IL-10 inhibits the 

release of pro-inflammatory cytokines (64), suppresses antigen presentation and 

formation of free oxygen radicals (70,71), and down-regulates HLA-DR expression on 

monocytes (72). Serum levels of IL-10 are increased in patients with sepsis or septic 

shock compared with healthy controls (66). In a series of 32 patients undergoing major 

abdominal surgery, IL-10 gene expression correlated inversely with monocyte HLA-

DR expression, which is consistent with a role for IL-10 as a mediator of the 

immunosuppression associated with surgical injury (67). We longitudinally monitored 

IL-10 levels in plasma and HLA-DR expression on monocytes in two patients with 

sepsis, and found that CARS was associated with increased plasma IL-10 levels and 

low HLA DR expression, and that normalisation of these parameters coincided with 

clinical recovery (see Figure 2) (73). 

Other mediators may be involved in the pathogenesis of monocyte 

deactivation in addition to IL-10. TGF-β is a cytokine with profound inhibitory effects 

on the immune system and on haematopoiesis. It lowers TNF-α production by 

monocytes after LPS stimulation (65), and prevents upregulation of HLA-DR 

expression on human fibroblasts by IFN-γ (74). The in-vivo sifnificance of TGF-β is 

uncertain, however, since serum levels of TGF-β were found to belower in patients 

with sepsis and septic shock than in healthy controls (66). 

PGE2 has an inhibitory effect on a variety of monocyte functions, and is one of 

the mediators of LPS desensitation. It is a potent inhibitor of the expression on Ia, the 

rat equivalent of HLA-DR, on rat macrophages (75). PGE2 levels are increased in 

patients with sepsis (66,69). Moreover, the production of PGE2 by monocytes in 

patients with sepsis is higher than in healthy controls (69). Yet PGE2 does not decrease 

the antigen-presenting capacity of monocytes (76,77). These data suggest that IL-10 is 
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the principal mediator of monocyte deactivation, and that TGF-β and PGE2 may be of 

secondary importance. 

In vitro stimulation by IFN-γ at least partially reverses IL-10 or TGF-β 

induced monocyte deactivation (78). Moreover, incubation with IFN-γ of monocytes 

taken from patients with sepsis restored the expression of HLA-DR to normal levels, 

and partially corrected LPS-stimulated TNF-α secretion (79). Furthermore, it was 

recently reported that administration of IFN-γ in vivo in patients resulted in 

normalisation of the reduced HLA-DR expression (79). GM-CSF also upregulates the 

expression of HLA-DR on monocytes and stimulates the production of TNF-α and IL-1 

in vitro (80). These observations suggest that IFN-γ and, probably, GM-CSF may be 

valuable in ameliorating the state of immunodeficiency in patients with CARS, thereby 

reducing the risks of secondary infections and death.  

 

MONOCYTE HLA-DR EXPRESSION: A GUIDE FOR INDIVIDUALIZING 

SEPSIS TREATMENT? 

The insight that sepsis is no a homogeneous disorder, but a spectrum of immunological 

changes, ranging from overwhelmin inflammation to profound immunodeficiency, has 

given rise to calls for a more individualized treatment approach (22,81). Thus, 

antimicrobial and general supportive treatment should be supplemented by 

immunodulatory interventions that are specifically tailored to correct the 

immunological disturbances in the individual patient. This concept is attractive, but 

requires the availability of reliable parameters to guide this treatment. Serial measures 

of cytokines and other mediators might be an indicator of the pro-/anti-inflammatory 

state of the immune system (78). Van Dissel et al measured cytoken levels in patients 

admitted because of fever, and found that the IL-10/TNF-α ratio was 1.7 times higher 

in patients with a fatal outcome compared to those who survived. Interestingly, the 

ratio of these cytokines was more predictive than the level of either cytokine alone 

(82). 

The expression of HLA-DR on monocytes may be and alternative parameter to 

guide immuno-intervention. Monitoring HLA-DR expression has the advantage that it 
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may provide an extimate of the ‘net’ biological effect of pro- and anti-inflammatory 

stimuli. We have previously reported that high plasma levels of IL-10 in patients with 

sepsis were associated with low HLA-DR expression, and that clinical recovery was 

associated with normalisation of HLA-DR expression and decreases IL-10 levels (73). 

More studies will be necessary to determine which marker(s) provide the best 

prognostic information.  

The validity of the concept of individualized immuno-intervention was 

recently tested by Döcke et al (79). IFN-γ was administered for a median 6 days to 10 

patients with sepsis and CARS as evidenced by low HLA-DR expression (79,83). The 

degree of HLA-DR expression on monocytes was rapidly upregulated in all patients, 

increasing from a median of 27% before, to 62% on day 1 after treatment, and it 

remained at this level in most patients. Normalisation of HLA-DR expression was 

associated with a significant increase in plasma levels of TNF-α and IL-6. The small 

number of patients treated, and the uncontrolled nature of the study, make it impossible 

to draw conclusions on the clinical efficacy of this intervention. It is clear, however, 

that this approach of immuno-intervention is worth pursuing.  

 

CONCLUSIONS AND FUTURE DIRECTIONS 

The ultimate goal in the treatment of septic patients is to improve outcome. Recent 

advances in antimicrobial therapy and supportive intensive care have, to a large extent, 

failed to achieve this goal. Direct intervention in the immunological response is a new 

and promising approach, but a variety of immune-modulating agents have not been 

effective in reducing mortality. Sepsis is not a homogeneous entity, but can be regarded 

as a spectrum of pro- and anti-inflammatory responses. It seems reasonable that 

immuno-intervention should be tailored to the immunopathological condition of the 

individual patient. The degree of HLA-DR on peripheral blood monocytes appears to 

be a good parameter in defining the immune status of patients with sepsis: low HLA-

DR expression is associated with immunological energy due to predominance of anti-

inflammatory responses, that might require intervention with immunostimulants such 

as IFN-γ or GM-CSF. Normal HLA-DR expression is observed in patients with an 
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inflammatory response, who might benefit by measures interfering with the pro-

inflammatory cascade. It is now time to test the concept of immuno-intervention as 

based on HLA-DR expression in randomized clinical trials. Given the complex 

pathophysiology of sepsis it would be surprising if, even in the subgroups of patients 

with SIRS or CARS, a single agent would be effective in all patients. Therefore, 

intervention at multiple levels of the pro- or anti-inflammatory cascades may be 

required for optimal results. Parameters such as HLA-DR expression on monocytes 

may be useful to guide this treatment. Ultimately, increased insight in the pathogenesis 

of sepsis, and the growing number of new tools for immuno-intervention will lead to 

improved outcome for patients with sepsis. 
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