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Abstract (150 words) 

During infection, the immune system recognize pathogens through Toll like receptors 

(TLR), leading to Nuclear Factor kB  (NF-�B) activation. Recombinant human 

activated protein C (rhAPC) is an anticoagulant treatment for septic shock, acting 

also an inflammatory and apoptotic pathway via NF-�B. To assess rhAPC 

transcriptional effect on NF-�B, regarding TLR-2 and TLR-4 polymorphisms, we 

included 50 septic shock patients among them 25 were treated with rhAPC. We 

measured Th1/Th2 cytokines, lymphocytes subsets, p50, p65 and I�Ba gene 

expressions before treatment (T1) and 36h later (T2). No difference between the two 

groups were detected for neither TLR-2 or TLR-4 polymorphism distribution nor 

Th1/Th2 profile. Concerning rhAPC group, we found a significant increase of p50 and 

p65 RNA expression at T2 (respectively 39.9 % and 81.3% p < 0.05), but not for 

I�Ba. This result confirm that rhAPC acts in vivo through NF-�B pathway at the 

transcriptional level in human septic shock. 

 

�
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Introduction 

Aberrant regulation of inflammatory responsiveness underlies the pathogenesis of 

widely disparate clinical syndromes such as cancer (1), sepsis (2), inflammatory 

bowel diseases, atherogenesis and other inflammatory disorders (3). During 

infection, macrophages recognize conserved pathogen-associated molecular 

patterns through Toll-like receptors (TLR) family (4). The ten members of already 

described TLRs recognizes a wide range of microbial components. For example, 

bacterial lipoproteins, lipopolysaccharide (LPS) and DNA containing unmethylated 

CpG dinucleotides are recognized by TLR-2, 4 and 9 respectively (5). Activation of 

TLR triggers a rapid antimicrobial response through stimulation of pro-inflammatory 

pathways. These TLRs mediate innate immunity signalling processes leading to the 

activation of Nuclear Factor kB  (NF-�B) (6), but cellular signalling of this receptor 

could be modified by polymorphism affecting their extra cellular domain. For 

example, TLR-4 polymorphism Asp299Gly is associated with decrease of LPS signal 

transduction via NF-�B and may worsen prognostic of Gram-negative bacteria septic 

shock (7,8). The term NF-kappaB commonly refers specifically to a p50-p65 

heterodimer, which is one of the most avidly forming dimers and is the major NF-�B 

complex in most cells. This ubiquitous transcription factor is inhibited by formation of 

a cytoplasmic complex with I�B inhibitor family (9). This combinatorial diversity 

contributes to the regulation of distinct, but overlapping, sets of genes, in that the 

individual dimers have distinct DNA-binding site specificities for a collection of related 

kB sites. These targeted genes included several pro-inflammatory cytokines (TNF-

alpha, interleukin-6, IL-1 beta, IL-8), cytokines implied in the Th1 (IL-2, IFN-

gamma)/Th2 (IL-10) balance, adhesion molecules, nitric oxide synthase (10), gene 

involved in apoptosis regulation (Bcl-2, Bcl-XL, (11)) and play a pivotal role in the 
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inflammatory and immune response. In vivo studies have demonstrated that NF-�B 

activity is enhanced in human sepsis and therefore identifying it as a prime candidate 

for targeted inactivation. Paterson and colleagues (12) showed an increased of NF-

�B nuclear activity at the protein level in both monocytes and neutrophils of septic 

patients compared with healthy controls. Nevertheless, no gene expression profiles 

of the NF-�B/I�B complex were performed in this study to search for a transcriptional 

modification of the NF-�B subunits expression during sepsis. 

Despite more than 20 years of extensive research, most clinical trials targeting 

blockade of specific inflammatory mediators have failed (13). But in 2001, the 

PROWESS trial proven that drotrecogin � (activated) or recombinant human 

activated protein C (rhAPC) reduces the all-cause 28-day absolute mortality in septic 

shock patient by 6.1% (14). A major mechanism of action of rhAPC is likely to be 

related to its anticoagulant properties. However, in vitro studies demonstrated that 

rhAPC had also anti-inflammatory and anti-apototic effect through the modulation of 

NFk-B activity (15). But none of them had studied the effect of rhAPC on gene 

expression of the several subunits of the NF-�B/I�B complex. Because an intact 

inflammatory response is essential in maintaining normal host defence mechanisms, 

modulation rather than blockade NF-�B activation is likely to be most effective in 

improving outcome from sepsis. As we have already demonstrated that rhAPC is 

involved in Bcl-2 over expression and apoptosis control in human shock septic (16), 

we thought that rhAPC could be also involved in transcriptional regulation of the 

subunits of the NF-�B/I�B complex. Furthermore, a better understanding of rhAPC 

effect could be helpful to define better time points for therapeutic intervention.  

Therefore, to evidence an effect of rhAPC on NF-KB/I�B complex at the 

transcriptional level, we have studied the effect of rhAPC in standardized conditions 
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during human septic shock. Regarding TLR-2 and 4 polymorphisms, which could 

modulate NF-�B expression, we have measured NF-�B/I�B gene expression by RT-

QPCR, Th1/Th2 cytokines balance and lymphocyte subpopulation counts. 

 

Material and Methods 

Patients 

Our institutional review board for human research approved this study. Special 

attention was paid to exclude patients having inherited or acquired 

immunodeficiency. Patients of the medical and surgical wards were eligible if they 

had septic shock, according to the definition of the American College of Chest 

Physicians/Society of Critical Care Medicine Consensus Conference (17). Patients 

were treated as soon as fever started with both adequate antibiotics and standard 

goal-directed therapy (18). 

25 consecutive patients admitted for septic shock and treated with rhAPC where 

included in the rhAPC group. 25 matching patients who were not treated with rhAPC 

consist on the control group. 10 healthy patients were included for gene expression 

normalization. 

For both groups, two time points were defined : T1 within 12 h after the second organ 

failure. The second time point T2 was drowned 36 h later. The Simplified Acute 

Physiology Score II (SAPS II) on admission (19) was recorded for each patient on 

admission in ICU and the Logistic Organ Dysfunction (LOD) score (20) was recorded 

at T1. Mortality was assessed 24 hrs after the T2 measurement. 

Th1/Th2 profil 

Analysis was performed using the CBA Human inflammation kit (BD Biosciences, 

San Jose, CA) according to manufacturer’s instructions. A 10-point standard curve 
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was obtained by serial dilution of the reconstituted lyophilized standard. A reagent 

mixture was obtained by mixing 10 µL of each human inflammation capture bead 

suspension (cytokines tested were: IL1-beta, IL-2, IL-4, IL-5, IL-6, IL-8, TNF-�, IL-10, 

IFN-gamma and IL-12p70). After vortexing, 50 µL was distributed into each test tube. 

Finally 50 µL of sample or standard point was added, vortexed, and incubated 90 min 

at room temperature in the dark. The beads were washed using 1 ml of buffer and 

centrifuged (200 g for 5 min). The supernatant was carefully discarded. Then 50 µL 

of phycoerythrin (PE)-labeled detection reagent was added to each tube and 

incubated 90 min at room temperature in the dark. Beads were washed using the 

same procedure and resuspended in 300 µL of buffer for analysis. The flow 

cytometer (XL MCC EPICS; Beckman Coulter, Fullerton, CA) was set up according to 

manufacturer’s instructions. Beads were electronically selected on forward-

scatter/side-scatter dot plot and identified by the 675 nm fluorescence intensity. The 

cytokine level was measured at 570 nm and mean fluorescent intensity for each type 

of bead was recorded. The flow cytometry standard files were transferred to a 

Microsoft Excel spreadsheet (Microsoft, Redmond, WA) and calculations were 

performed using BD CBA Software following a four-step procedure using a geometric 

mean of fluorescence and a four-parameter polynomial regression curve on a log-log 

scale. 

Lymphocyte sub-population counts 

Lymphocytes were determined by flow cytometry (XL MCC EPICS; Beckman Coulter, 

Fullerton, CA) using fluorescent monoclonal specific antibodies (Becton Dickinson, 

Rungis, France). T-lymphocyte subsets were selected with antibodies against CD3, 

CD4 and CD8 markers, B-lymphocytes were selected by anti-CD19 and the natural 

killer (NK) cells by anti-CD16 and CD56. The absolute cell counts were obtained by 
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mixing calibrated beads with the blood samples (Becton Dickinson Trucount, Rungis, 

France). 

Cell treatment  

Aliquots of 20 ml of blood were drawn in EDTA, and CMNC were isolated by Ficoll 

gradient centrifugation (Eurobio, Les Ulis, France) to obtain aliquots of 106 cells. 

RNA extraction and reverse transcription 

Total RNA was isolated using RNeasy columns (Quiagen, Valencia, USA), eluted in 

33 µl and the cDNA synthesis reaction using the AMV reverse transcriptase kit 

(Roche Diagnostics, Meylan, France) were performed according to the 

manufacturer’s protocols. 

Real-time PCR 

Real-time PCR was performed according to the manufacturer’s protocol (0.25 µmol/l 

of primers and 3 mmol/l of MgCl2, 1 µL of DMSO 20%, 2 µL of PCR mix containing 

Taq polymerase and Sybrgreen reagent) in a 20 µL final volume with a thermocycler 

(LightCycler, Roche, France). For relative quantification, we chose HydroxyMethyl-

Bilane Synthase (HMBS) as reference gene. In a previous study, we assessed that 

HBMS expression did not change significantly when severe infection was starting or 

during inflammatory conditions (21). The primers (Genome Express, Montreuil, 

France) for the gene amplification were : 

- HMBS F : TGCACGATCCCGAGAC ; HMBS R : CGTGGAATGTTACGAGC 

- p50 F : TTTTCGGACTACGCGGTG ; p50 R : GTTACCCAAGCGGTCC 

- p65 F : TTCCGCTACAAGTGCG ; p65 5-reverse : GGGTTGTTGTTGGTCTG 

- I�Ba F : CTCCGAGACTTTCGAGG ; I�Ba 5-reverse : AGTCCGGCCATTACAG 

The HotStart Taq polymerase (Roche Diagnostics, Meylan, France) was activated by 

heating for 8 min at 95°C. For all genes duplicate PCRs were performed for 40 cycles 
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with 20s of denaturation at 95°C, 20s of hybridisation at 61°C followed by 20s of 

elongation at 72°C for each cycle. Fluorescent signals from individual PCR reactions 

were collected as peak-normalised values plotted versus the cycle number. 

Amplifications were compared by their threshold cycle values estimated by the 

software (Roche Diagnostics, Meylan, France). All the experiments were performed 

at least twice. 

Calculations of results 

Gene expressions were performed using the 2-DDCT method (23). The relative gene 

quantification is based on the prerequisite that the efficiencies (E) of both the 

references and target gene PCR amplifications were identical, with a variation of 

E=10-1/slope less than 0.05. In our hands, serial dilutions of 50 ng to 0.5 ng HeLa 

cDNA showed comparable efficiencies for p50 (E=2.03), p65 (E=2.03), Ikb-� 

(E=2.04) and HMBS (E=2.03) with linear kinetics between respective Ct values. 10 

healthy control (5 men and 5 women ; mean age 43.5 +/- 12.1 year) were included to 

normalise gene expression profile as required for the  2-DDCT method. 

TLR-2 and TLR-4 genotyping 

Detection of the TLRs polymorphisms was performed by an hybridization probe 

assay as previously described (23). Briefly PCR was performed using 5 �l DNA, 4 

mM MgCl2, and 0.25 �M of the TLR-2 or TLR-4 probes. The PCR amplification was 

performed in the LightCycler™ (Roche Diagnostics, France) using 10 min of initial 

denaturation at 95 ° following 40 cycles of amplification for TLR-2 with an annealing 

temperature of 55 °C or 50 cycles for TLR-4 with an annealing temperature of 54 °C. 

For TLR-2 melting curve analysis, we use a slope of 0.1 °C/s. For TLR-2 melting 

curve analysis, we use a slope of 0.05 °C/s. Melting curves were converted to 

melting peaks by plotting the second negative derivative of fluorescence with respect 
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to temperature. All the results were confirmed by sequencing analysis on an ABI 

7100 (Big dye terminator kit, Applied Biosystems) using the same sets of primers. 

Statistical analysis 

Values are expressed as means +/- SD. Kinetic data were studied with analysis of 

variance for repeated measurements. When necessary non-parametric comparisons 

of the mean were performed (Mann-Whitney U-test or Wilcoxon test as required). 

Correlations between continuous variables were performed using Spearman S rank 

correlation tests. p < 0.05 was considered significant. All statistical analyses were 

performed using SPSS version 11.5 (SPSS Inc., Chicago, IL) 
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Results 

Clinical characteristics 

We included prospectively 50 patients admitted to the intensive care unit fulfilling the 

criteria for septic shock (17) : one group of 25 treated by rhAPC (APC group), one 

group of matching patients not treated by rhAPC (control group). Table I shows 

clinical characteristics of the rhAPC and control group. No difference between the 

rhAPC and the control group was found concerning SAPS II (respectively 61.7 ± 15.4 

vs 58.3 ± 15.1) or LOD score (respectively 9.2 ± 4.1 vs 8.0 ± 3.3). Mortality was 44 % 

for the rhAPC group and 36 % for the control group (NS). 

Th1/Th2 profiles 

To establish Th1/Th2 profiles, several cytokines were measured : IL1-beta, IL-2, IL-4, 

IL-5, IL-6, IL-8, TNF-�, IL-10, IFN-gamma and IL-12p70. Only IL1-beta, IL-6, IL-8, 

TNF-�, IL-10, IFN-gamma show values above detection threshold. Figure 1 show IL-

10 / TNF-� ratio : this ratio did not change between T1 and T2  regarding the 2 

groups. No change of cytokine expression was found regarding TLR-4 or TLR-2 

polymorphisms. Figure 2 show a) INF-gamma, b) IL-6, c) IL-8, d) IL1-beta expression 

for the two group. The high level of IL-6 at T1 and T2, the statistical decrease of INF-

gamma between T1 and T2 for both groups (p < 0.05), the increase of the IL-10/TNF-

� ratio between T1 and T2, respectively a mean value of 2.26 vs 2.85 for the rhAPC 

group and 2.08 vs 2.62 for the control group, despite no statistical difference lead to 

a predominance of Th2 cytokines at T2 without difference between rhAPC and 

control group.  

Lymphocyte subsets 
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No statistical change was found between the rhAPC or the control group regarding 

CD4+ or CD8+ T cells subsets. No change of T cell CD4/CD8 ratio was found over 

time or between groups (data not shown). 

TLR polymorphisms 

To assess whether TLR polymorphism had a role in rhAPC response, we searched 

for TLR-2 and TLR-4 polymorphisms in the control and rhAPC groups. Results are 

indicated on Table I. No difference of distribution was found between rhAPC group 

and control group regarding TLR-2 or TLR-4 polymorphisms. Concerning TLR-4 we 

observed that the TLR-4-Asp299Gly is associated with the TLR-4-Thre399Ile for 9 

patients (5 in the rhAPC group and 4 in the control group, Fisher exact test, p < 0.05). 

Evolution of NF-�B expression 

To go further in the molecular basis of rhAPC effect, since overall TLR 

polymorphisms distribution appeared not different between rhAPC and control group, 

we studied the RNA expression of the NF-�B/I�B complex by RT-QPCR. At T1, I�Ba 

expression was increased in both rhAPC group and control group comparing to 

healthy control (p < 0.05, data not shown), whereas p50 and p65 level were not 

different (data not shown). At T1, relative expression of p50, p65 and I�Ba was not 

different between rhAPC and control group (respectively 0.77 +/- 0.70 vs 0.73 +/- 

0.69 for p50 ; 1.55 +/- 1.45 vs 1.18 +/- 1.23 for p65 ; 2.40 +/- 2.79 vs 2.04 +/- 2.87 for 

I�Ba). At T2, p50, p65 and I�Ba expression were increased in the rhAPC group 

comparing to healthy control (p < 0.05, data not shown). Figure 3 shows the 

percentage of variation of the NF-�B gene expression between T1 and T2 in the 

control and rhAPC group. Interestingly, in the rhAPC group we observed a significant 

increase of p50 and p65 RNA level between T1 and T2 (respectively 39.9 % and 

81.3% p < 0.05), showing an increase of p65 expression two times greater than p50. 
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However, in the control group, we did not observe such variation. Despite a slight 

increase from T1 to T2 in the rhAPC group (from 2.40 +/- 2.79 to 3.15 +/- 3.38) and a 

decrease in the control group (from 2.04 +/- 2.87 to 1.72 +/- 1.90), there was no 

statistical difference for I�Ba expression between rhAPC and control group. Since we 

observed a significant increase at mRNA level of p50 and p65 after rhAPC treatment, 

we search for a possible effect of the TLR polymorphism. At T1 or T2, there is no 

difference between p50, p65 or Ikba expression regarding TLR-2 and TLR-4 

polymorphisms (data not shown). 

Altogether, these results shows that rhAPC treatment increase significantly p50 and 

p65 expression at the RNA level regardless of common TLR-2 and TLR-4 

polymorphism. 
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Discussion 

In this in vivo human septic shock study, we have shown that rhAPC increased 

p50 and p65 mRNA level comparing to control group. Despite this effect on these 

activating subunits, circulating TNF-�, IL1-�, IL-6, IL-8, IL-10 and IFN-� 

concentrations were unrelated to NF-�B mRNA variation. However, this lack of 

concordance could be related to the fact that detectable concentrations of all these 

cytokines in the present study are dispersed in very large range even within 

individual patients, as reported previously (24). Nevertheless, this result is in 

agreement with a study from Paterson et al. (12), in which nuclear activity of NF-�B in 

both monocytes and neutrophils of septic patients was also unrelated to plasma IL-6, 

IL-8, and sICAM-1 concentrations. We should also note that NF-�B is not the only 

transcriptional regulator of all theses cytokines (25), suggesting that NF-�B is not the 

only pathway involved in cytokines expression. Except significant decrease of IFN-� 

in rhAPC and control group at T2 comparing to T1, no statistical change of these 

cytokine concentration were found between the two groups or during time. IFN-� has 

an immunoregulatory effect in patients with immunoparalysis during the 

compensatory anti-inflammatory response syndrome, not only restoring levels of 

HLA-DR expression but also reestablishing the ability of monocytes to secrete 

cytokines such as TNF-� (26). This decrease should reflect natural evolution of septic 

shock syndrome toward immunoparalysis (27). Altogether, rhAPC did not seem to 

change the evolution of Th1/Th2 cytokine profil. Possibly, it may reflect insufficient 

patient numbers given the biological variation in immune response. Nevertheless, 

this result is in agreement with a review from Macias et al., who confirm that to date, 

no anti-inflammatory effect of the rhAPC has been observed in any clinical studies 

(28). 
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In a previous study (16) we found that in human septic shock, rhAPC has 

antiapoptotic effects on circulating mononuclear cells, assessed by a significant 

decrease of the Bax/Bcl-2 ratio due to an effect on Bcl-2 mRNA levels. As Bcl-2 is 

known to be potentially regulated by NF-�B, this increase could be related to an 

increase of p50 and p65 subunits and could be an indirect proof of rhAPC anti-

apoptotic action through NF-�B pathway. A previous study by Joyce et al. (15) 

demonstrated with an in vitro model using several endothelial cell lines that rhAPC 

interact with one subunit of the NF-�B complex called NF-�B1/p105. Our study 

confirm that in vivo, in human septic shock, rhAPC act also through the NF-�B 

complex, but via p50 and p65 subunits. In an animals study, Gadjeva et al. (29) have 

demonstrated that p50-deficient mice exhibited a modest increase in susceptibility to 

LPS-induced shock but p50–/–p65+/– mice were exquisitely sensitive to LPS. This 

latter study demonstrated that NF-�B subunits p50 and p65 have critical inhibitory 

functions during the systemic response to LPS. By the way, we thought that rhAPC 

can induce p50 and p65 expression to restore NF-�B anti-apoptotic function. In 

another hand, excessive NF-�B activity could worsen prognostic as demonstrated by 

the Paterson study (12) : the patients who died from sepsis had increased levels of 

NF-�B activity in the nucleus of monocytes, as compared with patients who survived 

sepsis. Rather than blockade or increase activity of NF-�B, by sustaining p50 and 

p65 expression at the RNA level, rhAPC seems to maintain the possibility of an NF-

�B response. Including more patient in the rhAPC group should be helpful to 

compare RNA level of p50 and p65 between survivors and non survivors and 

therefore could lead to a better understanding of the rhAPC effect on NF-�B 

expression. 
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Concerning TLR, we only evidenced TLR-4 polymorphisms. However their 

distributions were similar between control and rhAPC group. Patient carrying the 

TLR-4 Asp299Gly polymorphism have the same response to rhAPC than patient 

carrying the TLR-4 Thre399Ile polymorphism.  This result suggests that rhAPC effect 

is not linked to TLR response to pathogens. Many other factors could be involved in 

innate immunity response. For example, polymorphisms have been identified for two 

FcgR classes, representing allelic variation of the FcgRIIa (CD32), FcgRIIIa and 

FcgRIIIb (CD16). The FcgRIIa polymorphisms are now considered to be an heritable 

risk factor for infectious diseases and some manifestations of autoimmune disorders 

(30).  

In conclusion we have shown that rhAPC increased both p50 and p65 RNA 

expression of NF-�B in human septic shock, without inducing change of Th1/Th2 

cytokine balance and regarding TLR-2 and TLR-4 polymorphisms, confirming in vivo 

that rhAPC could act through NF-�B pathway in anti-apoptotic rather than anti-

inflammatory effect. 
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Table I  : Clinical characteristics and genotyping results of rhAPC and control group. 

 rhAPC group 

(n=25) 

Control group 

(n=25) 

p 

Age (yr) * 66.5 ± 14.4 65.8±11.8 NS 

SAPS II * 61.7±15.4 58.3±15.1 NS 

LOD score * 9.2±4.1 8.0±3.3 NS 

Mortality (%) 44 % 36 % NS 

Source of infection : n (%)  

 Pneumonia 10 (40 %) 

 

13 (52%) 

 

NS 

  Peritonitis 7 (28%) 4 (16%) NS 

 Others 8 (32%) 8 (32 %) NS 

TLR genotyping    

Genotype of TLR-2 (n for each SNP) 

Arg753Arg/Arg753Gln/Gln753Gln 

 

25/0/0 

 

25/0/0 

 

NS 

 

Genotype of TLR-4 (n for each SNP) 

Asp299Asp/Asp299Gly/Gly299Gly 

 

 

20/5/0 

 

 

21/4/0 

 

 

NS 

Thre399Thre/ Thre399Ile/Ile399Ile 20/5/0 21/4/0 NS 

�

* Data are means +/- SD. The respective p values result from the nonparametric 

Kruskal-Wallis test, while associations with the genotype were searched with logistic 

regression. 

�
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Figure 1 : Evolution of IL-10 to TNF-� ratio in rhAPC and control group at T1 and T2. 

Box and whiskers plot show median and interquartile range for IL-10 to TNF-� ratio. 

No significant changes between rhAPC and control group are observed at T1 or  T2. 
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Figure 2 : Evolution of a) INF-gamma, b) IL1-beta, c) IL-6 and d) IL-8 expression in 

rhAPC and control group between T1 and T2. Box and whiskers plot show median 

and interquartile range group for theses cytokines. There is a significant decrease of 

INF-gamma levels between T1 and T2 for both rhAPC and control group (* p < 0.05) 

but no difference between groups. 

For the others cytokines, no statistical change was found between groups or during 

time. 

a) IFN gamma 
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b) IL1-beta 

 

 

c) IL-6 
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d) IL-8 
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Figure 3 : NF-�B gene expression profile of rhAPC (n=25) and control group (n=25). 

The figure shows the percentage of variation of mRNA level of the NF-�B/I�B 

subunits between T1 and T2 for rhAPC group (solid bar) and control group (empty 

bar). There is a statistical difference of expression of p50 and p65 between the 

rhAPC and the control group (* p < 0.01), but no statistical difference for I�Ba 

expression between the two groups (NS). 

 

 

 



� 140 



� 141 




























���������


AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA�



� 142 

�



� 143 

&�������#3#�
����� !���#3#���������	7������������.�����������
���	#�����
*��
#��������

� ������������ � �4� 
6 ���� ����#�����
���� �6�.�
����� ����#����*�#�������*5�
#��� 
6#��������


:� ��:�#���8�&����#3����*5#
�������� ��� *��6*3�����
��#����������*�����������5�#3��*����

����*������#�����3�#����#���������������������
#��$18�

�

&����� ����!��� *����� ?��8� #����
�� �@� #� �������*� 9� ������ ��� *3������� 
��� � *��!����

�6#�������� �	���3*�� �#��� 
�� � ��� ��������� � �4� 
6 ��� ��� 9� ���#:��� �6��� ��*������ 
���

*�#�������
*��
#����8����������� ���������#3������� 
��3�����#��� 
6����������������������

��#3#�
�� 
6*3�
������ ���� � *��!���� ����)���
##������� �#��� 
�� � ��� ��������� ����

�.��V�������#����8�$����)��������
#����*����������*3!�������� :����#� �
�5���������� ���

������������������*����� 
#�������������6����� #������)���
##������?�'(�@�����6����� #���#���)

���
##������?$1(�@������#3����� ������6����������������*
!3������9������������*���*����

�������*������������T
���#�����.�
���	�#���
�*��#������������*
!3����������#
8�$����#�������

9�������*������ 
#��
��#���������#3#�.���	
�*��� �4�
6 ���������������������!���������������

������ ���*�����8� �#�� �.��
��� ����#���� ��#3#�.� ���#����� ����*3*������� ��

�
#����� #:#��� 
����

�#������ �����3#

�� ��� �������� �� 9� ��7��������3#��� 
�� �*	���������*���� � �����������8��������


6*3�
������ ���� �#������� #3#��� 
6#�������� 9� 
6 T���#
� �6���� �#�� ������8� 1������ ����#���� �#�������

#3#����� ��� �������� 9� �*3�
������ 
���� ���������� 5�#3�� �
�������� 7����� #3#��� 
���� #���3*�� 9�


6 T���#
8� $6���� ��������� ����� #3���� � ����� ��� �6���
���� �#��� ������ ��#3#�
� ���� ���� �#�������

�*3�
���#������� �������������������#
����������������6���
�����
�������������6����������5�#3��

���������!
����#	
�8�

�

�#������ ��#3#�
�������#3����� ��� *�9�*�#	
��� 
#� ���*����������*3!�������#������������

�#��
#����������
C#����������*�����������

�
��������#����������
#��������
6�.������������,�
)��

���,#.�����.��#���������
���*���#���
#��*5�
#��������
6#��������
:� ��:�#���8��������*
#���
����

�.��������� #3��� 
6#�������� ��� ���� ��

�
��� �����
#����� ��� 
��� ����*������� ����)����
#������


:� ��:�#����� ��� ����� #3���� ��� ��� *3������� ���� �����*��������� �
��� ������ � �4� 
���

�#������� ���� �*�!����� ��� � ��� ��������� �#�� ���#�#����� #3��� ���.� ���� ���3�3���8� ��� �����

�6�	���3�����#�����3#��#������6�.�����������5�����#��3�����,#.�9�
#�� #��������#
������ ������������

���#����������������������3#�� �������*��
�#���������������
6�.������������,�
)����	
��V����

����#��������������������*������6*3�
�������*�#3��#	
��
�������� ������������S������.�������������

��������� �����*�� 9� 
#� � #��� ��*����� ��� � ������������ � �4� 
����#����������� �*�!������8����



� 144 

�
���������.�����������������*
*��#���#�.��6#��������
:� ��:�#������*3*
#���
6�.���������6���
����

������
#�	#�������������.������������
6#�5���#���������#�.���6#��������
:� �)����:�#���8��

&�����*�����#��������������������������������*����������
����������6�����#��
�*��9�


#�������������
��������#��������:��F�����������
##��������#���
��5�����������*�!����#������

�*��
�#��� ��� �������� �#�� ��� ����*������ ��� ��������#����� ������ 
���5����������3�3#���� ��� ����

���3�3#����������������������
���&")`��
6'0)=�����6#�������:��F�����������
##������8����V���


���#�.�����:��F�����#���)���
##��������6�����#������*������������������.�5������8�&�������#3#�
�

�������� ���� 
�� *�#����� �������#��� 9� 
6#�������� ���� ��

�
��� �������*������� ����

���*����#�������#�.��
#�#�����������:��F���������*��8��

$�����#���� 
���*�#������ 9� 
6���5���� ��� 
#�	#����� �6�.��������� ��#��������� ���,�
)�����

������#���������*
����*�8�'
����������������6#5����6����	#������6�.���������
�*��9� 
#��*5�
#��������

��������� ��� ,�
)�� ��� 9� ���� �*5�#�#����� #��*
*�*�� ��� 
61(&� ��� ,�
)�8� �#��� �
� ����

��� ����������������
��������3�������������*3������������
��*�#��������������� �4�
C ��8�

�����.�*�����������
*���#���������������!
�����

�
#��������#��#�.��
����#��
���9������T
���

���#����� �*����#����� ��������.� ���������� 
���*�#�������
*��
#����� ��� ���� � *��!����

�6�����*�����������������#������
#�� #��������#
������ �����������8�

�

��� ����� ���
#X���� ���� ��#3#�.� ��� ��5#��� ����  :��� !���� � :����#� �
�5������

�
#����������#�������#���
��� ��������������
�#��#�#Y������
#�
:� ��*���������#
���	���3*���#���


���=�9���� ���������3#���
���*	������
6����������5�#3������
�*��9�
#������9�
6�������������
6#��������

�#������#�5���#�������5�����#��3�������:��F��������)���
##�������?�&")`�� '0)��� ���8@��������

� ���� ��� 
6�.������������,�
)��� �������#
� �#������ #���)#����������8���� 
#�	#������6�.������������

,�
)������	�#�������
��������#����� �4�
����#������������*�!���������
6�������6����#����������#��

�#������ #�.����3�3#���8� 0#����#
��*� �����#
�� 
�*�� 9� 
#� � #��� ����'(�� �.�������������#��� �#�� 
�*��

�.�
���3����� 9� ���� �
��� ������ �.��������� ���� �:��F����� ���)���
##������� �������� 
��� �#�.�

�����#�.�����:��F��������������#������*�������������#��������������3�3����������.������*�!����8��
���

3�#���	
#	
�������

�����#��� 
�*��9������ ������� 
6�.�������������#������#���)#�����������,�
)��

��������� 
�����

�
��� �����#������
��������	
���9� 
6#�������8�$����� :��� !������� 9� �����������

#3��� ���� *����� ��� %��� F���� ��� #
8� ��	
�*�� ��� ���I� P�WWQ� �#����� � �4� 
6 ��8� �#��� ������

��	
��#������ 
���#������������������� 
6#������������ 
:� ��:������$��c�����#�5���*��� �4�


����#���������*����#��������������#���#������#�.��#����������������������������#�5���#��������


6#��������*�#�����
�*�� 9� ����	#�����5
�	#
�� ��� 
6�.��������� ���,�
)�8� ����������� 
��� #����������

�������� �#�� ��� ����*������ ��� ��3�#�� �6#�������� ���� 
:� ��:���� �� $��c� ��
��� 
�� ��3�#��



� 145 

�6�.������������,�
)�8��#���
����#�#
:����#���:��*������������ �4�
����#����������� ������������

���� 
����������#5�������$���c�#�����������?3�#� 
��#���#5���#�� 
#��#��#�����#���3*�@���������

�����N�
�������,�
)�������.���*����#
����8�1
�������������������#5���������I�>�N�
�������


6�.��������� ��� ,�
)�� ���� �*�����8� ��#��� ����*� ���� ,�
)�� ���� #���)#������������ �
� ��	
��

�����#�������������
6#�5���#�������������.������������������9�����#�5���#��������
6#�������8�

����������� 
����*��
�#��� ��� ��� ��#3#�
��������� ���� �#�.��6#���������:�������� 
:� ��:������

$��c�� �4�
������#����������� ������������?���>�9����N@����#�#	
���9����.����������*�����?���


6����������=�N@���������#���
6#��������
:� ��:�#����5
�	#
�8�

� �#��
#��������
6*���������%��� F�������#
8�P�W>Q��6�������*����*��#��
���������	
��������


6��5#5����� ����$(� ��� 
61'$������ 
6#�������� 
:� ��:�#�����	���3*���#��� 
�� � �����������8��

06��5#5���������$(��#������15������6#������#���3#��������
:�
��#�.���3#��� ��������� 9�����

���
��*�#�������

�
#������������������#��#�������8�0���#���������������*����������!
�������

���� ����*������ � *��!����� #��� ���
� ���� ����� 
�� �:��� ��� ����
#����� ��� �$(�� #������

���
��*�#����� ���� 
:� ��:���� �� �6���� �	���3*�8� ��� �
���� 
6��5#5����� ��� �$(� �6���� �#��

�*����#�����������������
6#���������	���3*���#���
��� �����������8�����������������
#���������


:� ��:���������������� �#�� �*������3����� 
6������#����� ��� �����
�� �a� �8������������ 9� 
#�

�������6����������������
#������
6�.��������������:��F��������)���
##�������?�&")`��'0)���'0)

H����'0)I@������
����#�	
��#
��������
6�.������������
6'0)�����������#
���:��F����#���)���
##�������

����#�5���*�8�$����*��
�#�������������
6 :��� !�������
#�� #����6�����#�#
:������������#�����


�*��9�
#�������������
��������#�����6'0)�����#�������
����3�#���6'0)������������:��*#���������

��*����������
#����#
��*����������� #����#���3��P�>�)�>IQ�8�����������������#3#�.�������������#��

�������*�������6�.����������6'0)���������
����#����������3�3#��������������3�3#���������������*������

����#����'0)��a�&"̀ 8��

���� �.�*�������� �6��3#
��#����� ��� 
6'0)��� � �4� 
#� ������� P�>=Q� �������� ���� 
�� �*�#���

�6�.�������������������:��F����#�5�����
#����#
��*�
�����6�����*����������.�*�����#
�8�����
����


�� �#�.������:��F��������)���
##�������������#�������������
���5�#���� �4�
����������'0)��)a)�

�#�� �#������ #�.� ������� �#�3#5��8� ��� �#X��� ������� �
��� ���*����#����� ���� #�������#�����

�6#���������#���)'0)���9� 
#�� #�����*������6�����������.�*�����#
��6#*
������#�� 
#����3�������

������� P�>�Q�� #
���� ��6���� #�������#����� �
��� �#���3�� ���� �����#��� P�>WQ8� ������� 
6'0)��� ����

��������	
�����
������
���� *��!�����6�����������6#������������
:� ��:����,����#�5���#���


6�.������������,�
)��P�>>�����Q8�1�
#�
��!�����������*��
�#�����
����������	
����69�
#�� #�����*�����

��� � ��� ���������� ��� �*�#��� ��� ����������� �6'0)��� ��� ������� �#�� ��������� 
#� 	#�����

�6�.������������,�
)����������
������
6�.������������� *��!����#�����������8�



� 146 

$�����#���� ���� *����� 
��5������#
�� � �4� 
6 ��� ����#��� 
61(&� �6��� �#��
� ���

�:��F�������
���*����#���
��� ������������P���Q�#�����*�����
6*
*3#�������*��������
61(&����


6'0)���*�#��� ��� �#���������#�3#������������8������.���������*�#��� ����*
*�� 9� 
6�.����������6���

$%������
#����''�?%01)�(�@�9�
#�����#�����������:��������#�����#��������6�����#�#
:����

P���Q8� ��� ����*��
�#�� ����� ��	
��� �#�#��.#
�� �
� �#��� ��*������ ���� 
6�.��������� ��� 
6'0)�������#���

*
�3*�� ����� 
�� 
��5� ��� 
6*����� ?����� ��� 7����@� � �4� 
��� �#������� ���� ���3�3#����� #
���� ���� ����

�.��������������#�����5�����#��3������ �4�
����#����������3�3#���8��

$��������������!��3�#���	
#	
�������6����#�5���#���������������#�������
6'0)���9�
#�

� #��� ��*����� ��� � ��������������� ���� �������#���� �6��� �#�.�*
*3*��6'0)��� �������� 9� ���*�#��

�6�����#�#
:���� ���� ����� ��������� 
6#3����3�� �#��� 
6�������������� �������#	
�� ��� �*�!��

�#����8�06'0)����6�������	#	
��������
����69� 
#�� #�����*��������� �������������#���
#�� #���

����'(���.������������������
���#���
#����#
��*���*����8��

������� ��� ��	������� #������ ��	
��#������ ���� ���� ��!
��� ��

�
#����� ��� #��#�.�

������������
6'0)������#��������������6#��������3�#�
#����
#��������
6�.�������������5!�������
#�

�#�

�� ��� ,�
)�� P���)��IQ8� ��� �*������3��� �6�
� ��	
�� *�#	
�� ���� 
6'0)��� ����� �����#5��� #3��� 
���

*�#������ ��� 
6#��������� ���� ������ �*����� ��� �����.��� � :����#� �
�5������ ��� �����

�6#�������#������������:�����

�
#����*����*�P��=Q8�1�
#� 
��!��������������*���� �
����#������
�����

�������������*�����
��5������#
������#�������#��������I�7������6*3�
���������� �������������


��� �������#
��� �:��F����� ��
���*��� �#��� �#� � :����#� �
�5��� ��� 
���� ��
#����� #3��� 
���

� *��!�����6#���������	���3*���#���
��� �����������8��

� ��� ����� *�#�� ��� �#����� ���� �*��
�#��� ����������� 
6 :��� !��� ���� 
6�.#���	#����� ����

����������#������������9�
#�� #��������#
������ �����������������*
*�!��8�0#���� ��� ��������#�*5����

� *�#����������3��#��� 9� 
������ ����� *��!����������� ��

�
#���� �������� ��.����� #��#�#Y�����

�
�������
�������*8



� 147 

$6�����#�����������.��������� ��� ��������#�*5����� *�#����������#���)#�������������#���
��

� ��������������6���������
C*������(�K����9�����*�����
#�� �$1��*����#�����5�����#��3�����


#����#
��*�9��W�7���������#����������� ������������?�H��N��#���
��5������� �$1�����������WN�

�#���
��5�������
#��	�@8�06������� *�#������������
#�� �$1��#���
��� ������������#�*�*���*����*�

����
#�����*��������������#���3��*�#�����#5�
#���8�$�����#���3��*�#���� ��	��������#�����#��


6��#���3#����������#�������M#����M'''#��
���#���#�����
#�5*�*�#��������� ��	���8�$�����	#��������

��������������� ��	�������#���9�
6���5�������
#��*������������� *��!�������
##�����������)

��#5�
#�������#�����	����
:������8����������	�����������3����������������������������55!���������


�������������
#�� �$1�������
��������#��9������������#�����#5�
#���8��

�#�����������3�������������������*�����P���Q����5*���:�#5������#������M�#�*�*����������9�


#����������
6���#���(�K���8�����������
����
:��� ����(I�=d��������#���������
#���#5�
#�����

������6�����#���#�����*�9��������������
��������#�������� ��	�����3�������������6#������#��������


�� �#������ M#� �*����#��� #�� �
�3#5�� �#�� 
#� �$1� P��WQ8� �#��� ������ *������ ��>N� ���� �#�������

?�I�a�W>H@���*����#�������������5�#3��*�#����� *�*��4:5����������
����
:��� ��������#������M8�

1����� ��4:5�����6#�*�*� ��������*8� 0#� ����������� �6 *�*��4:5�����������3*�� �#��� 
6*����� ����

��#������������ ����*������ �#�� �#������ 9� 
#� ����
#����� ���
��*�� ���� �*�*������ ?��>� N� �#���


6*������(�K����3��������I�N���������#5���6 *�*��4:5��������3#�������*�*�����U��k���I@8�'
��6:�

#3#����#���������*��������5�����#��3��������
��� *�*��4:5��������
����#�������������*��������������

���������
��������1�1$%��''��
����	�������:������������6��5#�������
����	����6 *���#5����

5�#3�������6*3*�������� ��	���������	���3*�8�0����������#5��������#
��*�9��W�7������#���
��

5������ � �$1� �6*�#��� �#�� ��5�����#��3����� ����*����� ������ 
�� 5������ ��� �#������� ����#��� 
#�

��#����� ��� 
��� �#������� ���� ��*�� ?��������3����� ��� ����N� ��� �H�>N�� ������� �#���� 9� ��W�U�

�����3#

����� �����#����>IN�S���I�)����@8�0�� �#������� 
����#������� ��#��*���#��� �$1�����#�������

��#����� *�*��4:5���� #����� �������3��� ���#�#	
�� #�.��#�������������*����55!�#��� ��� �#X���

��������������
��	*�*��������
#�� �$1��#�����#���6#������3���������
6��#���3#���������#������M#8��

$��� ����*��� ���� �������� 9� ��� ��� ��� ���� #�#
�5���� ��� 
#� � �$1� �*����3��� �6������ #���)

��#5�
#���� #��� ������3#��� ���� ������� #���)���
##������� ��� #���)#������������ P��>Q8� ������

����
#�����*����$�#���3*�������#�#
�5������	
���������#��������
�����!
�����������������
������


6#�������� �������� �#�� 
#� ��#������������ ��� �� �	������ ���� ����*����� F��#��� $8� ���������� 
#�

��#����������� ���� ��� ���������� ��� 
6#�������� 3�#� ���� 3���� ��� ��5�#
��#������ ���� 9� ������

����#���#������6���� �#�� ��
���*�� �#��� 
#� � :����#� �
�5��� ��� � �����������8���� �
���� #������

����*������ 
��� ������� ��� �����
*��
����6���� �������	
�� �#���������!
��� �.�*�����#�.� � �4�


6#��#
8�



� 148 

$����� ����������������3���������������6������������ 
#�� �$1������6#������*�#������

� :���
�5������ ���� 
#� ��#5�
#������������������� ��#3#�
� ?��8� #����
�� �@��6���� #��#� *� 9������� ���

*3����������9���*�������6*3�����
�������������
6#�����������
6���
##����8�&����*��
�#�����������

���� 
#� ����*���� $� #���3*�� �����3����� ��������

����� �#��� 
#� �*5�
#����� ��� 
6#�������� 
:� �)

����:�#���8���� ������� 
#� ���#�#�������� 
C�.��������� ���� ����*�������5!���� ����?,#.@� ��� #���)

#������������?,�
)�����,�
)B0@�#3#������#��!����#�������������������5��������#��*��#��� �$1����
��

5������� �����������������T
��������������
C�.������������,�
)�����,�
)B0�����#�5���*���#���
��

5��������#��*��#���#������#��5������������#��*��#��� �$1��#
��������
6�.������������,#.����3#����

�#�8�0#�� �$1���������
���#����,#.a,�
)�����,#.a,�
)B0�3�������������#���)#����������8�����
����


#����������
C#���������#���:��*���������
�.�����������
6���������
#�� �$1�#��������
���#�.�

�C#�������������,�$�9�����#�.����*������9���
������5�����������T
��?��������3����������N�3���

�=��N�9�������o������@8�

��������
��.�������������*
#������#���
��5��������#��*��#��� �$1�������
���#�.��C#��������9�

������ 
����3�#���C�.������������,�
)��?�pk��=�H����k�����@�#����
��6:�#��#���������*
#�����#3���

��
������,�
)B0�������,#.8�$������#���
6������#���)���
##��������� 
#�� �$1�������*��
�#������

���������#���������*�������6*3�
����������#�����������
6���
##�����������
���5������8�1�����


C#�5���#����������	������
:� ��:�������#�.������
#�������������������������5�����#��3�����

�
��� �����#���� �#��� 
�� 5������ ��#��*� �#�� � �$1� ���� �#��� 
�� 5������ �����T
�8� �#��� �����

�6�	���3�����#���������*�������������������������
�������)����
#������
:� ��:�#�����?��$�Hc�

�����$�Wc@����
���#������$�Ha$�W�?����*�����������*��@8����
��
�������:������*�����������

�����
� �6*3�
������ ����*����� ������ 
���5������� #3��� ���� #�5���#�������5�����#��3�� ��� 
���� �#�.�

����������������#���
��5��������#��*��#��� �$1��#���#������#��5�����������T
�8�

�#���������*������������6#3�����#���	���3*�����*���������
��������#�������
6�.���������

��� 
6'0)=� �#��� 
�� 5������ ��#��*� �#�� � �$1� �#�� �#������ #�� 5������ �����T
�8� �#��� 
6*�����

�(�K�����
#��*������������#�.��6'0)=�*�#�����5�����#��3������
��������#����9�2��?�k����>@����

9�2H��2I��2=��2��?��������3������k����I���k��������k����=�����k�����@��#���
��5������� �$1��#��

�#������ #�� 5������ �
#��	�8� �#
5�*� ��� ������ ��� 
#� � �$1� ���� 
6�.��������� ��� 
6'0)=�� �#�

��������#������6�����#���:��*#�������������*������������
��5�������
#��	�����
��5��������#��*�9�

����� 
��� ����� ��� 
6*����8� ��� �
���� ���� �������� #�#
:��� ��#��������� ���� ����*��� ��� 
6*�����

�(�K���� ��� ������3�� �#�� ������ ���������� ��� 
6'0)=� �#��� 
�� 5������ ��#��*� �#�� � �$1� �#��

�#������#��5�������
#��	��P���Q8���� 
6������#���)���
##��������� 
#�� �$1���������3*��#�������

��!
�����

�
#������ 9� 
6 �����#����

�� �
��6�.����� ���7������#���������3��������� ������ ��������� �4�


6 ��8��



� 149 

06����	
�� ��������*��
�#��������� ���� 
#� ����*����$� #���3*�����
�� 
C�.��������� ����

5!�������
#��#�

�����,�
)�����#�5���#���
C�.�������������5!����#���)#������������,�
)������#���

�����������������,�
)B0���#�������������
C�.������������,#.��5!������)#����������8������������

����*�#����� �6#���������� 
#� ����
#����� 
:� ��:�#���������� 9�*
������8������*������������ 
#�

� �$1������ ��*���������� 
��� ��
:���
*#������ 
�������:���� ��� 
��� ��

�
��� ����� *
�#
����#��� 9�

������ ����#���#����� ����� #	������ ���� 
��� 
:� ��:����  �#���8� 06������ �	���3*� ���� ������

����
#�����#7����#������� 
:� ��:�#���������#��� �����V���� ��� ������ ��������8���������*��� ���

��������������������
#�����*����$�#���3*���.���������������*�*��#���)���
##������������ �	#���
#�

����������������:��F��������
##�������?�&")`��'0)�����'0)=@��#��
�������:�����������*����#���


6#� *��������������:������������������ �
���9�
6����� *
���
*�*8����������������*��
�#�����������

����������� �#����� ����*������ �6*3�
����������#����������� 
6���
##����� ������ 
���5������8�

����	#�������5�����#��3������#�.��6'0)����������&")`��#���
��5������� �����������������T
��������

��������������	���3*���#�������������	#�������������#����#5�*���#����������*�������6*3�
������

����#����'0)��������&")`�����
��������#�������
##�����������#������8�$��������������3#��#������

���������3����

����#�����������#���������������	���3������
����������	
����������������*���������

������#���������*3��������#���
��5��������#��*��#��� �$1�����#������
6����������*����8�06���
������

������3�#�.��#���������3�#����������������*��������
����
#�������9���������������8��

0�� � ������������ ���� ����:����������*3�
��� #�� ��������� ����8����	�#��������	
�����

������ *����� ���� ���� 
�� �������� �6���
������ ���� �#������� �#��� 
6*����� ��� ����� �#�������������

���#�#	
��������
���5������8����������������
��5������� �����������������T
��
����*
!3��������

�������������*#
��*��#����������V�������=�9���� ���������3#���
����#5����������� �����������8����

��3#�� ��� ����� 
�� 5������ � ��� ��������� ��#��*� �#�� � �$1�� 
�� ��*
!3����� ��� ����� ��� ����

�������*��� �����#3#���
���*	������
#��������������� �$1�������7����69��H� ������#��!��
���*	������

� �����������8�$�����������#������#3���
���3#
����������:��F������	���3*��������#�����
����
���&")

`� ��� 
6'0)�������� 
���3#
������������#���������������*�������� 9�����#��� 
��5������� �$1���#��

�#������#��5�����������T
�8������������
#�3#
�����:����������#�����'0)��������&")`�9�����6����

�#������*������������
���5�������������9������������������������
�����*
!3����������*�*��������*��


�������
#�V��� #������
##���������� �����������8�����
����
���3#
������6�.������������,#.��

,�
)�� ��� ,�
)B0� ���� 
�������)����
#������ 
:� ��:�#������������� �#�� ����*������� ������ 
���

���.�5�������9���8�$���#����#���6#�5�����������9�����3�������
����#�����������*�*���*
�3*���#���


#�V��� #����6*3�
���������� ����������������#�������������6���
���������� ��8�

�

�



� 150 

$�� ������� ��#3#�
� #� ��� ��� *3������� 
#� ���
#����� ��� 
6�.��������� ��� �#������� #���)

#������������,�
)�����,�
)B08��������*������*���������%��� F�������#
8�P��WQ�#�����*������������

9� ���� �*��������� �.�*�����#
��� ���� ������� ����.���#��� ,�
)B0� ���� ��� �#�.� ��� ���3��� �� �����

���*������� 9� ��
��� ��� ������� �#�3#5��8� $����� ����.��������� �6#����#5��� �6���� #��������


:� ��:�#����,����������������*�������#���#������#�.���������#�3#5��8�$���*��
�#���������������

�	���3#�������#������ �4�
6 ��������������6���������,�
)���6�������	#	
������#��
�����
�5!���

#���)#�������������
���*��#���
���� *��!�����6#��������
:� ��:�#����
�������� �����������8�

06�	7���������������������!����#3#�
�?��8�#����
���@������#���������9���*������
��*�#�����

�������#��� 9� 
#� ������#����� �6�.��������� ��� ,�
)�� ��� ��� ,�
)B0� �#�� 
#� � �$18� &���� #3����

��� ��� *����
�������
����#������������#�������������
���*���#���
#��*5�
#�������������.��������8�

�#������.��*�������#���
#�
���*�#������
���#�����������#�����������&")J,�#��������������#��������8�

�6���� �#���� ��� ���� � *��!���� ��*������ �6#���3#����� ��� 
6�����*� ���*�� �#���� �#�� 
#�

������#���#������������)��5#�������#� �5!����3�#� 
����0(8�������������3������������#
������

��5�#
��#�������

�
#���������0(�����
#�3�������&")J,8��6#������#�����
��.��������.�����������������

��� ��.#����� ���� ����)����*�� ��� &")J,�� ����*�� #�� ��3�#�� ��� ��������� ��� 5!��� ��� ,�
)���

��������3����� ��� )���=� ��� )�W>=� �#���#������ #�� 5!��8� ������� ���� �.�*�������� �����(&1� ����

�������#
�������)����*�����&")J,�?�I����=Ia(�
1@�����������

�
��������#�������������*�����


6�.��������� ����������3�� ��� &")J,� ���� �*����#���� ����� #�������� 
�� ��3�#�� �6�.��������� ���

����#���������*��������
#��#�

�����,
�)�������,�
)B0�#�����6*3���������#��������#���3���������

��

�
��8������ �����T
��� 
���	�#��� 
�*�� #�.� �������#�.� ��
:��� ����� �����*����������0()�� ���

�0()H����3#�����������
6�.�������������5!�������&")J,�������#3������� ��� *��#���*����X#5��


��� �������#�.� ��
:��� ����� ��� ���� �0(8� ��������� ����� #3���� ��� ��� *� �6�
� �.���#��� ����

����*
#�����������
6�.��������������������#
�������)����*��#���3#���������� �� �	�����������&")J,����


���5!���� ��� 
#� �#�

�� ���,�
)�8�&���� #3��������*��#��(�)�$(� ��#����#��3����
#��3������ 
���

��

�
��� ������
*��� ��� �#�5� �����
#���� 
6�.��������� ���� ����)����*�� ��� &")F#��#� ,� ?�I���

�=Ia(�
1@����'J,#��
#��������#
�����������*��� �	����������&")J,��� �4������#���������*����#������

� ��������������#��*���������#������*����$�#���3*�8����.���*
!3����������*�*��������*��#��������

��������S��#����������V�������=�9���� ���������3#���
���*	������� ������������?��@�����=� ������

#��!�� ��� ������� ��*
!3����� ?��@8� ����� 
�� 5������ ��#��*� �#�� ����*���� $� #���3*��� 
�� �������

��*
!3�����#�*5#
�����*�*��*#
��*�#3#���
���*	��������#��������#��
#�� �$18�

�

�

�



� 151 

1������ ����*��������#��������� ������ 
������.�5��������6#�*�*�����*��� ���� �������� �����


6;5���
�����������
�����������
#����#
��*8�1����������*���������������	������������
:��� �����

���� �*��������� �0()�� ��� �0()H� �6#� *�*� ���� ��� *3������8� ���
�� ���� #�����#����� ������ 
���

��
:��� ������0()H)1���>>-
:�����0()H)� ���>>'
��������5�����#��3��?��o����I@�#�������#�

�*79� *�*� �*������ �#��� 
#� 
���*�#����� P���Q8� 1������ ����*������ �#��� 
��� �����
�� � �a� �� �6#� *�*�

�	���3*��������
���5��������#���
��������
����55!���������������#�����3���������*������� �����
��

���� ������� 
��� 5������8� 0�� �*��
�#�� 
�� �
��� ���*����#��� ��� ������ *����� ���� 
6#�5���#�����

��5�����#��3�� ��� 
6�.��������� ��������)����*�� #���3#������� ��� &")J,� ���� ����� �I�� ��� �=Ia(�
1�

?��������3����� �>�>�N� ���W���N�� ��o��8�I@� �#�� 
#�� �$1� ��������� ��������#���������#������

��5�����#��3�� ��� 'J,#8� &����*��
�#��� ���������� ���� 
#� ����*����$� #���3*�� #5��� ��� ����� � �4� ����

�#������� ��� � ��� ���������� ��� �����#��� #�� ��3�#�� ��#������������
� 
6�.��������� ���� �#�������

#���3#���������&")J,�?�I������=Ia(�
1@��#���
�����

�
��������#����������
#����8��

���� ��	
��#����� ��� 
6*������ ��� 2�:��� ��� #
8� P�W�Q� #� ����*� ���� ���� ��

�
��� ����� *
�#
���

�	�
��#
��� � �#��������� 
#�� �$1���������6#�����������#�������� 
6�.����������6��������)

����*����&")J,����� ����&")J,������� 
�����

�
��������������
*����#�� 
���&")`�������8�&�����

*��������������� *��!������
#���� ��������� �4������#����������� ����������������
�����

�
���

������
*��� �����
#������ #7����#������� ���� 
:� ��:���� �����
#���8� ��� ��3#�� ��� 
��� ����)

����*�����������������I��?&")J,�@�����=Ia(�
18������������*�������������	�������������#������

������
#�� 1�$����
#�3���������5�#
��#��������&")J,��
#�����*����������:�����

�
#�������
����!
��

�6�������������
6#���������#��
���&")`��#�������*������������������3�����.�
������
�������*�������

�6#���������� 
�������)����*�����&")J,�����������	���3���� �������8���������������V����!
��

��

�
#�����
#�� 1�$��������*5#
�����
6�.����������6����	������
#��#�

�����,�
)���
���#������

#���)#�����������1�����6�
�:�#��� ��������������������
6#���������#��
���&")`8��#�������#�������

�	���3#����������������������#������#3�����������*�����������8�

1�
#����������
6���#���(�K������
��������*����#��������������6������#�����
��#���
����������[����9�

�#�	
�� ����� ���� ���� ����
#����� ��	
*�� ��� ��������#���� �������)����*�#
������ ��
#��3��� #� �#��� 
#�

����3��������������#���*��#���
��� ������������P���Q8����
����������[��������������
*��
���#���)

���
##������������
��*�#������6#�������#�����#��
#����
#��������&")J,8�$�������*����#�����

�������� ��#3#�.� � �������� ������*��9� �#�#��*������ ����#����*�#�������
*��
#������*5�
*���#�� 
#�

� �$1���� ��
���#���
6#��������������

�
��������#����������
#�����3�#� 
#�3���������5�#
��#�����

���&")J,����3����������	����������������3����������������� ��� ��� :����#� �
�5������ �4�


6 ��8��



� 152 

&�������*�����55!��������� 
#�� 1�$�#5�������
#�3���������5�#
��#��������&")�J,�#����#���

��*������ 
�� �:��� ��� *�#����� ����)7#����� ��������
8� '
� �.����� ��� �*�������� � :���
�5����� 9� 
#�

�$1�� 
6����� �
�#
���������$����������?��$(@�P��=Q8�$���������*���� ��#���	�#�#������*������

���� ��
�5����#3���
����
*��
���������
�.��#7�����6 �������#��	�
��*�����
#����'����$����

��������������#
������.���*���#��
�����

�
�������� *
�#
�������5����3#����#�.8�06��$(����
����

��������#�����������
#��$1��*�
��� ��������5�#�.�����#��

�
#����8�'
��#����������
#�
6�����3�������

�6��� ������� �*�������� ���� #��#������� 9� 
#� �#�

�� ���� �*��������� 9� ����� ��#����� ��#��)

�	�#�#���������
*��#�.�����*�����-���� #���3*���#������*�
:�������1(�� �#�

������ ������9�


6 �����#����

��H��	���8�s�
#�����#������
#���

�
������� *
�#
���
#��$1���.*������
6��$(�#���3��

�#�� ����*�
:��� 
�� �*�������� �1()�� P��=Q�� ����
#��� ��� �*������ 
#� ��#����������� ��� ��	���.�

5!���� ����� �
������������� ��
���*�� �#��� 
#� 
����� ������� 
6���
##�������� ������� 
6#�������8�

1�����#����3�#��������

�
�������� *
�#
����
6�.������������
6'���#��

�
#��$�

�1� ��������
���
����

?'$1�)�@������*5�
*���#��
6#���3#���������1()��3�#�������#������
#�3���������5�#
��#��������&")J,�

P���Q8�0#���

#	��#�������$(�a��1()�������#����.�
������
6������	*�*���������
#�� �$1��#���
��

� ��� ��������8� ����������� 
�� *�#����� �
*��
#���� ���� ������ 9� 
6��$(� ��� ��� ���������

���������)�*���������� #�5�#���
#���*�������*����
#��$1��
���������#�������
�3����1()����a���

���������#��� 
6��4:�� �����5#������ 
#� 
�#���������������� 9� �
�3��������� 9�*
������8����V��� 
��

*�#����� �.�
���#��� ��������� 
#� ����*������ �6#���3#����� ���� ��

�
��� ����� *
�#
���3�#��1()��

��������9����� *���:�������������)���
##�����������
#�� ��	�����#���)���
##�����������
#�

�$1�� �6���� �#�� ������ 9� 
6 ����� #����

�8� ���� #����� *������ #� ��55*�*� ���� 
#� ��#��
��#����� ���

���
�.�� ��$(a�$1� �#��� 
�� ��:#�� ������ �

�� #������ #�����*�� 9� ���� ������#����� ��� �����
�

�6�.�������������5!���8� '
� ���� #
���������	
���6�#5��������� 
������.�*�#������?#���3#��������

�1()�����#��
��#�����������
�.����$(a�$1@������#������6#����������������
#:���������������

��� �����
� ��*�������� �6�.��������� 5*������ P��HQ8� 0�� *�#����� �*����� ���� ����� �.�
������ 
���

�*������� ��

�
#����� ��������� �#�� 
#� �$1� �6#��
����� 9� 
#� ��

�
�� ����� *
�#
��� #��� �6���� �#��

5*�*�#
��#	
��9������
����:������

�
#�������������	
����6�.������
6��$(�?����
������:����#��

�.��
�@���_�
�����
����#����#��������
6��$(���������9�����������8�

�

�

�

�

�

�



� 153 

�#
5�*����	*�*�������
#��3��������������������������3����
#�� �$1������������������
�

� *�#����������#��� 
#����������� #�5�������#����������� �����������8�0���*� ����������	���.�

���#���� *�#����������3��#���9���������
���� *��!�������
##���������*���������� ������������

����3���� 
��� 
������ ��� 
6�����3������� � #�#��
�5����8� (*������ ��� �#X��� �.�����3��


6���
##����� 9� 
#� � #��� ��*����� ��� �'(�� ����� V���� ����� #����� �*
*�!��� ��69� 
#� � #��� �#���3��

�6�����#�#
:���8��#���
����������#���
�������������������#�����
#��*�����������#�������*�����

�������������������#������� 
#� � #��� �6�����#�#
:���8��#��� 
��������� �#��� 
��������� ���� ���

���
��5����.�����3�����
#�� #����6�����#�#
:����������������	����9�
6*��5������6�����������

������#����� ��� �6����������� �������#
��8� 0C#�������#����� ��� �
*��
��� ������*��� 9� ���
���


C���
##���������� ��������������������*�������� #�����C*3�
���������� �����������8�'
���	
��

*3��������C�����#��������#�������
*��
���9�3��*�#���)���
##������������V�����*
*�!���� �4�����

�#������� 
���� ��� 
#� � #��� �#���3�� �C�����#�#
:����� #
���� ���� ���� V��� �
*��
��� �������

	*�*�������9� 
#�� #�������'(���.������8�$�����.�
��������	#	
����� 
C*� ����������#����
��������

3��#��� 9����
��� 
C���
##����� #�� ��������� � ������������� 
����
*��
��� #�������*����C#:#���

���	#	
����� ��� ������ 	*�*������ ��69� 
#� � #��� �����#
�� ��� ������8� 0�� �������� ���#�� �
�������

�������#��� 
#� � �$1�?�.������� �3#
�#����� ��� (���	��#��� %�#�� 1���3#���� �������� $� ���

�&%1&$�� ���#
@� P��IQ� ������ �6#�

����� ����� �
��� 
�� ��#������� �#�� ����*���� $� #���3*�� ����

#�������*� ��*��������� �
��� 
#� ���#
��*� ���� �#�	
��S� �#��� ���� ���#��� 
��� �#������� ��#��*�� �#���


6�����3#

���)�H� �#��!��
#�����!����:�����������6��5#�����������#�.�������#
��*��
����#�	
������


����#���������#��*��#��!���H� �?��������3��������>N�3�8����HN����k�����@8�

�

0C����	
�� ���� ����*��� ��� ������ *����� �����#��� ��������� 9� 
#� ���� #�� ������ �C����
��

������#�������#�#��*������
6�����������#��������#��
#�� �$1�� �4�
����#����������� �����������8�

06���
������ ��� ���3�#�.� �#������� �#��� ������ �� ����� �����#��� ��������� 
#� ���� ��� *3�������

�6#������#��������	��
�5��������������	
����6�.�
������
#�����*����������*������#����#��������#��


#�� �$18�



� 154 



� 155 




























2��������
��
������������


AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA�

�



� 156 



� 157 

�

�

�

$����#3#�
������

#	��#�����������
������3���������*#��#��������
6 T���#
����%#�������������


�� 
#	��#������ ��� 	��� ���� ��� 	��
�5����
*��
#����� �*#
��*� #������� ���$%(�� ������#�	���5� #�

������ �C#*
������������ ����#���#���� ����*�#�������
*��
#����� ��*�������������#	
��� ���


6#�������� 
:� ��:�#���� �#��� 
�� � ��� ��������� � �4� 
6 ��8� 0#� 	#����� ��!�� ��*����� ���

��#������������
6�.������������,�
)������
�*��9�
6��������*����
#�
:� ��*������

�)V��#�����*��9�
#�

���#
��*���*����������#����������� �����������8�0#����������������#3#�.�#������������*������#��

��3�#�� �
*��
#���� ��� ��

�
#���� 
��� ������� 	��
�5������ ��� 
#� ����*���� $� #���3*�8� �6#��!�� ����

�*��
�#����	���3*�� �������� � �4������#����������� ������������� 
#�� �$1���	
��	�����.���������

������ #���)#���������� �����*3��#��� 
6#�5���#�������� �#�.��6#�������� 
:� �)����:�#�����#��

��� ���������� 
6�.�������������5!���� #���)#���������������������,�
)�� ���,�
)B08�0��5!���,�
)��

��	
�� �
��� �#�����
�!������ ��
���*�� 
6#�5���#����� ��� ���� �.��������� ���� ����*
*�� #�� �#�.�

�6#��������
:� �)����:�#����#��!����#��������#��� �$18��

�

�

1���� �6*
#�5��� ������ ��� ��� ��� ���� ��*
!3������ �#�5����� ���� *�*� �������*�� � �4� ����

�#������� ��#��*�� �#�� � �$1� #3#��� ��� #��!�� ��#������� ��� 3��� ��� �*#
����� ���� *����� ��� �����
�

�6�.��������� ��� 5!��� ���� 
�����:���� ���� ���� ������ 9� 1�&� ������#
��*��� �#�� 
#� ����*�*�

1��:����.8�$�������
����	��
�5����
*��
#��������������������
6�.�������������
�������������

5!���� ��� �����#��� ��� ������� �6��� 5�#��� ���*�V�� ����� ������ ��� *3������� �6#������ 5!���� ���

�6#������ 3����� ��� ��5�#
��#����� ��
���*�� �#��� 
#� �*������ #�� ��#������� �#�� 
#� � �$18� �#�� 
#�

���#�#��������������
���6�.�������������#�������	�������#�3#����*���������9�
#�� �$1�����#��


#� ���#�#����� ���� �����
�� ���� �#������� ���� �*�!����� #3��� ���.� ���� ���3�3����� ������ ���#�*5���

�����#�������� ��������� ��� ����3�������#��������������#��� ����*
��������������� 
��� �#�������

��������	
��� ��� 	*�*������� ��� ��� ��#�������� ����� ��� ���.� ���������� 
��� *�#������

�
*��
#����� �������#��� 9� 
#� ���3��� ��� #�� �*�!�� ���� �#������� ��� � ������������ ��� *
#	����� ���

���3�#�.���#����������	
*�8�

�



� 158 

�



� 159 

























1������������


AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA�

�



� 160 



� 161 

1. Alberti, C., Brun-Buisson, C., Burchardi, H., et al. Epidemiology of sepsis and infection in ICU patients 
from an international multicentre cohort study. Intensive Care Med, 2002, 28: p. 108-21. 

2. Bone, R. C., Sibbald, W. J. and Sprung, C. L. The ACCP-SCCM consensus conference on sepsis and 
organ failure. Chest, 1992, 101: p. 1481-3. 

3. Levy, M. M., Fink, M. P., Marshall, J. C., et al. 2001 SCCM/ESICM/ACCP/ATS/SIS International 
Sepsis Definitions Conference. Crit Care Med, 2003, 31: p. 1250-6. 

4. Alberti, C., Brun-Buisson, C., Goodman, S. V., et al. Influence of systemic inflammatory response 
syndrome and sepsis on outcome of critically ill infected patients. Am J Respir Crit Care Med, 2003, 
168: p. 77-84. 

5. Annane, D., Bellissant, E. and Cavaillon, J. M. Septic shock. Lancet, 2005, 365: p. 63-78. 
6. Goris, R. J. MODS/SIRS: result of an overwhelming inflammatory response? World J Surg, 1996, 20: p. 

418-21. 
7. Bone, R. C. Toward an epidemiology and natural history of SIRS (systemic inflammatory response 

syndrome). Jama, 1992, 268: p. 3452-5. 
8. Charbonneau, P. Syndrome de défaillance mutliviscérale. Conférences d'actualisation  1996  [cited; 

Available from: http://www.sfar.org/sfar_actu/ca96/html/ca96_033/96_33.htm. 
9. Le Gall, J. R., Klar, J., Lemeshow, S., et al. The Logistic Organ Dysfunction system. A new way to 

assess organ dysfunction in the intensive care unit. ICU Scoring Group. Jama, 1996, 276: p. 802-10. 
10. Baue, A. E., Durham, R. and Faist, E. Systemic inflammatory response syndrome (SIRS), multiple organ 

dysfunction syndrome (MODS), multiple organ failure (MOF): are we winning the battle? Shock, 1998, 
10: p. 79-89. 

11. Rivers, E., Nguyen, B., Havstad, S., et al. Early goal-directed therapy in the treatment of severe sepsis 
and septic shock. N Engl J Med, 2001, 345: p. 1368-77. 

12. Hotchkiss, R. S. and Karl, I. E. The pathophysiology and treatment of sepsis. N Engl J Med, 2003, 348: 
p. 138-50. 

13. Calandra, T., Baumgartner, J. D., Grau, G. E., et al. Prognostic values of tumor necrosis 
factor/cachectin, interleukin-1, interferon-alpha, and interferon-gamma in the serum of patients with 
septic shock. Swiss-Dutch J5 Immunoglobulin Study Group. J Infect Dis, 1990, 161: p. 982-7. 

14. Smail, N., Messiah, A., Edouard, A., et al. Role of systemic inflammatory response syndrome and 
infection in the occurrence of early multiple organ dysfunction syndrome following severe trauma. 
Intensive Care Med, 1995, 21: p. 813-6. 

15. Meisner, M. Pathobiochemistry and clinical use of procalcitonin. Clin Chim Acta, 2002, 323: p. 17-29. 
16. Abraham, E., Wunderink, R., Silverman, H., et al. Efficacy and safety of monoclonal antibody to human 

tumor necrosis factor alpha in patients with sepsis syndrome. A randomized, controlled, double-blind, 
multicenter clinical trial. TNF-alpha MAb Sepsis Study Group. Jama, 1995, 273: p. 934-41. 

17. Gallagher, J., Fisher, C., Sherman, B., et al. A multicenter, open-label, prospective, randomized, dose-
ranging pharmacokinetic study of the anti-TNF-alpha antibody afelimomab in patients with sepsis 
syndrome. Intensive Care Med, 2001, 27: p. 1169-78. 

18. Tracey, K. J., Fong, Y., Hesse, D. G., et al. Anti-cachectin/TNF monoclonal antibodies prevent septic 
shock during lethal bacteraemia. Nature, 1987, 330: p. 662-4. 

19. Wortel, C. H., von der Mohlen, M. A., van Deventer, S. J., et al. Effectiveness of a human monoclonal 
anti-endotoxin antibody (HA-1A) in gram-negative sepsis: relationship to endotoxin and cytokine 
levels. J Infect Dis, 1992, 166: p. 1367-74. 

20. Poeze, M., Froon, A. H., Ramsay, G., et al. Decreased organ failure in patients with severe SIRS and 
septic shock treated with the platelet-activating factor antagonist TCV-309: a prospective, multicenter, 
double-blind, randomized phase II trial. TCV-309 Septic Shock Study Group. Shock, 2000, 14: p. 421-8. 

21. The French National Registry of HA-1A (Centoxin) in septic shock. A cohort study of 600 patients. The 
National Committee for the Evaluation of Centoxin. Arch Intern Med, 1994, 154: p. 2484-91. 

22. Adrie, C., Laurent, I., Monchi, M., et al. Postresuscitation disease after cardiac arrest: a sepsis-like 
syndrome? Curr Opin Crit Care, 2004, 10: p. 208-12. 

23. Dinarello, C. A. Proinflammatory and anti-inflammatory cytokines as mediators in the pathogenesis of 
septic shock. Chest, 1997, 112: p. 321S-329S. 

24. Bone, R. C. Sir Isaac Newton, sepsis, SIRS, and CARS. Crit Care Med, 1996, 24: p. 1125-8. 
25. Koltai, M., Hosford, D. and Braquet, P. G. Platelet-activating factor in septic shock. New Horiz, 1993, 

1: p. 87-95. 
26. Wang, S. D., Huang, K. J., Lin, Y. S., et al. Sepsis-induced apoptosis of the thymocytes in mice. J 

Immunol, 1994, 152: p. 5014-21. 
27. Ayala, A., Herdon, C. D., Lehman, D. L., et al. Differential induction of apoptosis in lymphoid tissues 

during sepsis: variation in onset, frequency, and the nature of the mediators. Blood, 1996, 87: p. 4261-
75. 



� 162 

28. Hiramatsu, M., Hotchkiss, R. S., Karl, I. E., et al. Cecal ligation and puncture (CLP) induces apoptosis 
in thymus, spleen, lung, and gut by an endotoxin and TNF-independent pathway. Shock, 1997, 7: p. 
247-53. 

29. Hotchkiss, R. S., Swanson, P. E., Cobb, J. P., et al. Apoptosis in lymphoid and parenchymal cells during 
sepsis: findings in normal and T- and B-cell-deficient mice. Crit Care Med, 1997, 25: p. 1298-307. 

30. van der Poll, T. Immunotherapy of sepsis. Lancet Infect Dis, 2001, 1: p. 165-74. 
31. Kerr, J. F., Wyllie, A. H. and Currie, A. R. Apoptosis: a basic biological phenomenon with wide-

ranging implications in tissue kinetics. Br J Cancer, 1972, 26: p. 239-57. 
32. Le Tulzo, Y., Pangault, C., Gacouin, A., et al. Early circulating lymphocyte apoptosis in human septic 

shock is associated with poor outcome. Shock, 2002, 18: p. 487-94. 
33. Lee, S., Christakos, S. and Small, M. B. Apoptosis and signal transduction: clues to a molecular 

mechanism. Curr Opin Cell Biol, 1993, 5: p. 286-91. 
34. Leach, A. P. Apoptosis: molecular mechanism for physiologic cell death. Clin Lab Sci, 1998, 11: p. 

346-9. 
35. Igney, F. H. and Krammer, P. H. Death and anti-death: tumour resistance to apoptosis. Nat Rev 

Cancer, 2002, 2: p. 277-88. 
36. Mathe, G. Apoptosis: an identical central or collateral mechanism in the development, function and 

death of neurons. Biomed Pharmacother, 1997, 51: p. 97-100. 
37. Opferman, J. T. and Korsmeyer, S. J. Apoptosis in the development and maintenance of the immune 

system. Nat Immunol, 2003, 4: p. 410-5. 
38. Kofler, R., Schmidt, S., Kofler, A., et al. Resistance to glucocorticoid-induced apoptosis in 

lymphoblastic leukemia. J Endocrinol, 2003, 178: p. 19-27. 
39. Kaplan, M. J. Apoptosis in systemic lupus erythematosus. Clin Immunol, 2004, 112: p. 210-8. 
40. Eefting, F., Rensing, B., Wigman, J., et al. Role of apoptosis in reperfusion injury. Cardiovasc Res, 

2004, 61: p. 414-26. 
41. Zhao, Z. Q. Oxidative stress-elicited myocardial apoptosis during reperfusion. Curr Opin Pharmacol, 

2004, 4: p. 159-65. 
42. Roth, K. A. Caspases, apoptosis, and Alzheimer disease: causation, correlation, and confusion. J 

Neuropathol Exp Neurol, 2001, 60: p. 829-38. 
43. Anglade, P., Vyas, S., Javoy-Agid, F., et al. Apoptosis and autophagy in nigral neurons of patients with 

Parkinson's disease. Histol Histopathol, 1997, 12: p. 25-31. 
44. Duvall, E. and H., and Wyllie A. Death and the cell. Immunol Today 1986, 7: p. 115-19. 
45. Bicknell, G. R. and M., and Cohen G. Cleavage of DNA to large kilobase pair fragments occurs in 

some forms of necrosis as well as apoptosis. Biochem Biophys Res Commun 1995, 207: p. 40-7. 
46. Yang, J., X., Liu, K., Bhalla, et al. Prevention of apoptosis by Bcl-2: release of cytochrome c from 

mitochondria blocked. Science, 1997, 275: p. 1129-32. 
47. Vander Heiden, M. G., S., Chandel N., K., Williamson E., et al. Bcl-xL regulates the membrane 

potential and volume homeostasis of mitochondria. Cell, 1997, 91: p. 627-37. 
48. Wyllie, A. H. Glucocorticoid-induced thymocyte apoptosis is associated with endogenous endonuclease 

activation. Nature, 1980, 284: p. 555-6. 
49. Kass, G. E., E., Eriksson J., M., Weis, et al. Chromatin condensation during apoptosis requires ATP. 

Biochem J, 1996, 318: p. 749-52. 
50. Hengartner, M. O. and R., and Horvitz H. Programmed cell death in Caenorhabditis elegans. Curr 

Opin Genet Dev, 1994, 4: p. 581-6. 
51. Yuan, J., S., Shaham, S., Ledoux, et al. The C elegans cell death gene ced-3 encodes a protein similar 

to mammalian interleukin-1 beta-converting enzyme. Cell 1993, 75: p. 641-52. 
52. Zou, H., Henzel, W. J., Liu, X., et al. Apaf-1, a human protein homologous to C. elegans CED-4, 

participates in cytochrome c-dependent activation of caspase-3. Cell, 1997, 90: p. 405-13. 
53. White, E. Life, death, and the pursuit of apoptosis. Genes Dev, 1996, 10: p. 1-15. 
54. Chinnaiyan, A. M., K., O'Rourke, R., Lane B., et al. Interaction of CED-4 with CED-3 and CED-9: a 

molecular framework for cell death. Science, 1997, 275: p. 1122-6. 
55. Longthorne, V. L. and T., and Williams G. Caspase activity is required for commitment to Fas-

mediated apoptosis. Embo J, 1997, 16: p. 3805-12. 
56. Nagata, S. Apoptosis by death factor. Cell, 1997, 88: p. 355-65. 
57. Golstein, P., D., Marguet and V., and Depraetere. Homology between reaper and the cell death domains 

of Fas and TNFR1 letter. Cell, 1995, 81: p. 185-6. 
58. Nagata, S. and P., and Golstein. The Fas death factor. Science, 1995, 267: p. 1449-56. 
59. Yeh, W. C., Hakem, R., Woo, M., et al. Gene targeting in the analysis of mammalian apoptosis and 

TNF receptor superfamily signaling. Immunol Rev, 1999, 169: p. 283-302. 
60. Nagata, S. and T., and Suda. Fas and Fas ligand: lpr and gld mutations. Immunol Today, 1995, 16: p. 

39-43. 



� 163 

61. Itoh, N., S., Yonehara, A., Ishii, et al. The polypeptide encoded by the cDNA for human cell surface 
antigen Fas can mediate apoptosis. Cell, 1991, 66: p. 233-43. 

62. Schulze-Osthoff, K., H., Walczak, W., Droge, et al. Cell nucleus and DNA fragmentation are not 
required for apoptosis. J Cell Biol, 1994, 127: p. 15-20. 

63. Lynch, D. H., L., Watson M., R., Alderson M., et al. The mouse Fas-ligand gene is mutated in gld mice 
and is part of a TNF family gene cluster. Immunity, 1994, 1: p. 131-6. 

64. Yeh, W. C., L., Pompa J., E., McCurrach M., et al. FADD: essential for embryo development and 
signaling from some, but not all, inducers of apoptosis. Science, 1998, 279: p. 1954-8. 

65. Yang, E. and J., and Korsmeyer S. Molecular thanatopsis: a discourse on the BCL2 family and cell 
death. Blood, 1996, 88: p. 386-401. 

66. Kelekar, A. and B., and Thompson C. Bcl-2-family proteins: the role of the BH3 domain in apoptosis. 
Trends Cell Biol, 1998, 8: p. 324-30. 

67. Strasser, A. The role of BH3-only proteins in the immune system. Nat Rev Immunol, 2005, 5: p. 189-
200. 

68. Nguyen, M., G., Millar D., W., Yong V., et al. Targeting of Bcl-2 to the mitochondrial outer membrane 
by a COOH-terminal signal anchor sequence. J Biol Chem, 1993, 268: p. 25265-8. 

69. Akao, Y., Y., Otsuki, S., Kataoka, et al. Multiple subcellular localization of bcl-2: detection in nuclear 
outer membrane, endoplasmic reticulum membrane, and mitochondrial membranes. Cancer Res, 1994, 
54: p. 2468-71. 

70. Hsu, Y. T., G., Wolter K. and J., and Youle R. Cytosol-to-membrane redistribution of Bax and Bcl-X(L) 
during apoptosis. Proc Natl Acad Sci U S A, 1997, 94: p. 3668-72. 

71. Muchmore, S. W., M., Sattler, H., Liang, et al. X-ray and NMR structure of human Bcl-xL, an inhibitor 
of programmed cell death. Nature, 1996, 381: p. 335-41. 

72. Minn, A. J., P., Velez, L., Schendel S., et al. Bcl-x(L) forms an ion channel in synthetic lipid 
membranes. Nature, 1997, 385: p. 353-7. 

73. Antonsson, B., F., Conti, A., Ciavatta, et al. Inhibition of Bax channel-forming activity by Bcl-2. 
Science, 1997, 277: p. 370-2. 

74. Schendel, S. L., Z., Xie, O., Montal M., et al. Channel formation by antiapoptotic protein Bcl-2. Proc 
Natl Acad Sci U S A, 1997, 94: p. 5113-8. 

75. Schlesinger, P. H., A., Gross, M., Yin X., et al. Comparison of the ion channel characteristics of 
proapoptotic BAX and antiapoptotic BCL-2. Proc Natl Acad Sci U S A, 1997, 94: p. 11357-62. 

76. Zhang, H., Q., Xu, S., Krajewski, et al. BAR: An apoptosis regulator at the intersection of caspases and 
Bcl-2 family proteins. Proc Natl Acad Sci U S A, 2000, 97: p. 2597-602. 

77. Chinnaiyan, A. M., K., O'Rourke, M., Tewari, et al. FADD, a novel death domain-containing protein, 
interacts with the death domain of Fas and initiates apoptosis. Cell, 1995, 81: p. 505-12. 

78. Hsu, H., J., Xiong and V., and Goeddel D. The TNF receptor 1-associated protein TRADD signals cell 
death and NF-kappa B activation. Cell, 1995, 81: p. 495-504. 

79. Tschopp, J., M., Irmler and M., and Thome. Inhibition of fas death signals by FLIPs. Curr Opin 
Immunol, 1998, 10: p. 552-8. 

80. Chang, K. C., Unsinger, J., Davis, C. G., et al. Multiple triggers of cell death in sepsis: death receptor 
and mitochondrial-mediated apoptosis. Faseb J, 2007, 21: p. 708-19. 

81. Knudson, C. M., S., Tung K., G., Tourtellotte W., et al. Bax-deficient mice with lymphoid hyperplasia 
and male germ cell death. Science, 1995, 270: p. 96-9. 

82. Deckwerth, T. L., L., Elliott J., M., Knudson C., et al. BAX is required for neuronal death after trophic 
factor deprivation and during development. Neuron, 1996, 17: p. 401-11. 

83. Lindsten, T., Ross, A. J., King, A., et al. The combined functions of proapoptotic Bcl-2 family members 
bak and bax are essential for normal development of multiple tissues. Mol Cell, 2000, 6: p. 1389-99. 

84. Rathmell, J. C., Lindsten, T., Zong, W. X., et al. Deficiency in Bak and Bax perturbs thymic selection 
and lymphoid homeostasis. Nat Immunol, 2002, 3: p. 932-9. 

85. Veis, D. J., Sorenson, C. M., Shutter, J. R., et al. Bcl-2-deficient mice demonstrate fulminant lymphoid 
apoptosis, polycystic kidneys, and hypopigmented hair. Cell, 1993, 75: p. 229-40. 

86. Nakayama, K., I., Negishi, K., Kuida, et al. Targeted disruption of Bcl-2 alpha beta in mice: occurrence 
of gray hair, polycystic kidney disease, and lymphocytopenia. Proc Natl Acad Sci U S A, 1994, 91: p. 
3700-4. 

87. Kamada, S., A., Shimono, Y., Shinto, et al. bcl-2 deficiency in mice leads to pleiotropic abnormalities: 
accelerated lymphoid cell death in thymus and spleen, polycystic kidney, hair hypopigmentation, and 
distorted small intestine. Cancer Res, 1995, 55: p. 354-9. 

88. Motoyama, N., F., Wang, A., Roth K., et al. Massive cell death of immature hematopoietic cells and 
neurons in Bcl-x-deficient mice. Science, 1995, 267: p. 1506-10. 

89. Print, C. G., L., Loveland K., L., Gibson, et al. Apoptosis regulator bcl-w is essential for 
spermatogenesis but appears otherwise redundant. Proc Natl Acad Sci U S A, 1998, 95: p. 12424-31. 



� 164 

90. Ley, R., Hadfield, K., Howes, E., et al. Identification of a DEF-type docking domain for extracellular 
signal-regulated kinases 1/2 that directs phosphorylation and turnover of the BH3-only protein BimEL. 
J Biol Chem, 2005, 280: p. 17657-63. 

91. Bouillet, P., Metcalf, D., Huang, D. C., et al. Proapoptotic Bcl-2 relative Bim required for certain 
apoptotic responses, leukocyte homeostasis, and to preclude autoimmunity. Science, 1999, 286: p. 
1735-8. 

92. Yin, X. M., Wang, K., Gross, A., et al. Bid-deficient mice are resistant to Fas-induced hepatocellular 
apoptosis. Nature, 1999, 400: p. 886-91. 

93. Shibue, T., Takeda, K., Oda, E., et al. Integral role of Noxa in p53-mediated apoptotic response. Genes 
Dev, 2003, 17: p. 2233-8. 

94. Thornberry, N. A., G., Bull H., R., Calaycay J., et al. A novel heterodimeric cysteine protease is 
required for interleukin-1 beta processing in monocytes. Nature, 1992, 356: p. 768-74. 

95. Alnemri, E. S., J., Livingston D., W., Nicholson D., et al. Human ICE/CED-3 protease nomenclature 
letter. Cell, 1996, 87: p. 171. 

96. Hofmann, K., P., Bucher and J., and Tschopp. The CARD domain: a new apoptotic signalling motif. 
Trends Biochem Sci, 1997, 22: p. 155-6. 

97. Howard, A. D., J., Kostura M., N., Thornberry, et al. IL-1-converting enzyme requires aspartic acid 
residues for processing of the IL-1 beta precursor at two distinct sites and does not cleave 31-kDa IL-1 
alpha. J Immunol, 1991, 147: p. 2964-9. 

98. Mashima, T., M., Naito, K., Noguchi, et al. Actin cleavage by CPP-32/apopain during the development 
of apoptosis. Oncogene, 1997, 14: p. 1007-12. 

99. Villa, P. G., J., Henzel W., M., Sensenbrenner, et al. Calpain inhibitors, but not caspase inhibitors, 
prevent actin proteolysis and DNA fragmentation during apoptosis. J Cell Sci 1998, 111: p. 713-22. 

100. Rice, R. L., G., Tang D. and D., and Taylor J. Actin cleavage in various tumor cells is not a critical 
requirement for executing apoptosis. Pathol Oncol Res, 1998, 4: p. 135-45. 

101. Samejima, K., A., Svingen P., S., Basi G., et al. Caspase-mediated cleavage of DNA topoisomerase I at 
unconventional sites during apoptosis. J Biol Chem, 1999, 274: p. 4335-40. 

102. Pan, G., H., Bauer J., V., Haridas, et al. Identification and functional characterization of DR6, a novel 
death domain-containing TNF receptor. FEBS Lett, 1998, 431: p. 351-6. 

103. Kuida, K., A., Lippke J., G., Ku, et al. Altered cytokine export and apoptosis in mice deficient in 
interleukin-1 beta converting enzyme. Science, 1995, 267: p. 2000-3. 

104. Bergeron, L., I., Perez G., G., Macdonald, et al. Defects in regulation of apoptosis in caspase-2-
deficient mice. Genes Dev 1998, 12: p. 1304-14. 

105. Wang, L., M., Miura, L., Bergeron, et al. Ich-1, an Ice/ced-3-related gene, encodes both positive and 
negative regulators of programmed cell death. Cell, 1994, 78: p. 739-50. 

106. Kuida, K., S., Zheng T., S., Na, et al. Decreased apoptosis in the brain and premature lethality in 
CPP32-deficient mice. Nature, 1996, 384: p. 368-72. 

107. Woo, M., R., Hakem, S., Soengas M., et al. Essential contribution of caspase 3/CPP32 to apoptosis and 
its associated nuclear changes. Genes Dev, 1998, 12: p. 806-19. 

108. Varfolomeev, E. E., M., Schuchmann, V., Luria, et al. Targeted disruption of the mouse Caspase 8 gene 
ablates cell death induction by the TNF receptors, Fas/Apo1, and DR3 and is lethal prenatally. 
Immunity, 1998, 9: p. 267-76. 

109. Hakem, R., A., Hakem, S., Duncan G., et al. Differential requirement for caspase 9 in apoptotic 
pathways in vivo. Cell, 1998, 94: p. 339-52. 

110. Kuida, K., F., Haydar T., Y., Kuan C., et al. Reduced apoptosis and cytochrome c-mediated caspase 
activation in mice lacking caspase 9. Cell, 1998, 94: p. 325-37. 

111. Nakagawa, T., H., Zhu, N., Morishima, et al. Caspase-12 mediates endoplasmic-reticulum-specific 
apoptosis and cytotoxicity by amyloid-beta. Nature, 2000, 403: p. 98-103. 

112. Welihinda, A. A., W., Tirasophon and J., and Kaufman R. The cellular response to protein misfolding 
in the endoplasmic reticulum. Gene Expr 1999, 7: p. 293-300. 

113. Zamzami, N., A., Susin S., P., Marchetti, et al. Mitochondrial control of nuclear apoptosis. J Exp Med, 
1996, 183: p. 1533-44. 

114. Brenner, C., I., Marzo, N., Zamzami, et al. Coopération mortelle entre la protéine pro-apoptotique Bax 
et le translocateur à adénine nucléotidique pour le contrôle mitochondriale de l'apoptose. Med Sci 
1998, 14: p. 1399-401. 

115. Modjtahedi, N., Giordanetto, F., Madeo, F., et al. Apoptosis-inducing factor: vital and lethal. Trends 
Cell Biol, 2006, 16: p. 264-72. 

116. Kluck, R. M., E., Bossy-Wetzel, R., Green D., et al. The release of cytochrome c from mitochondria: a 
primary site for Bcl-2 regulation of apoptosis. Science, 1997, 275: p. 1132-6. 

117. Jurgensmeier, J. M., Z., Xie, Q., Deveraux, et al. Bax directly induces release of cytochrome c from 
isolated mitochondria. Proc Natl Acad Sci U S A, 1998, 95: p. 4997-5002. 



� 165 

118. Bossy-Wetzel, E., D., Newmeyer D. and R., and Green D. Mitochondrial cytochrome c release in 
apoptosis occurs upstream of DEVD-specific caspase activation and independently of mitochondrial 
transmembrane depolarization. Embo J 1998, 17: p. 37-49. 

119. Li, H., H., Zhu, J., Xu C., et al. Cleavage of BID by caspase 8 mediates the mitochondrial damage in 
the Fas pathway of apoptosis. Cell, 1998, 94: p. 491-501. 

120. Luo, X., I., Budihardjo, H., Zou, et al. Bid, a Bcl2 interacting protein, mediates cytochrome c release 
from mitochondria in response to activation of cell surface death receptors. Cell, 1998, 94: p. 481-90. 

121. Narita, M., S., Shimizu, T., Ito, et al. Bax interacts with the permeability transition pore to induce 
permeability transition and cytochrome c release in isolated mitochondria. Proc Natl Acad Sci U S A, 
1998, 95: p. 14681-6. 

122. Shimizu, S., Y., Eguchi, W., Kamiike, et al. Bcl-2 prevents apoptotic mitochondrial dysfunction by 
regulating proton flux. Proc Natl Acad Sci U S A, 1998, 95: p. 1455-9. 

123. Shimizu, S., M., Narita and Y., and Tsujimoto. Bcl-2 family proteins regulate the release of 
apoptogenic cytochrome c by the mitochondrial channel VDAC. Nature, 1999, 399: p. 483-7. 

124. Goldstein, J. C., Waterhouse, N. J., Juin, P., et al. The coordinate release of cytochrome c during 
apoptosis is rapid, complete and kinetically invariant. Nat Cell Biol, 2000, 2: p. 156-62. 

125. Yoshida, H., Y., Kong Y., R., Yoshida, et al. Apaf1 is required for mitochondrial pathways of apoptosis 
and brain development. Cell, 1998, 94: p. 739-50. 

126. Cecconi, F., G., Alvarez-Bolado, I., Meyer B., et al. Apaf1 (CED-4 homolog) regulates programmed 
cell death in mammalian development. Cell, 1998, 94: p. 727-37. 

127. Li, K., Y., Li, M., Shelton J., et al. Cytochrome c deficiency causes embryonic lethality and attenuates 
stress-induced apoptosis. Cell, 2000, 101: p. 389-99. 

128. Chinnaiyan, A. M., K., O'Rourke, L., Yu G., et al. Signal transduction by DR3, a death domain-
containing receptor related to TNFR-1 and CD95. Science, 1996, 274: p. 990-2. 

129. Muzio, M., M., Chinnaiyan A., C., Kischkel F., et al. FLICE, a novel FADD-homologous ICE/CED-3-
like protease, is recruited to the CD95 (Fas/APO-1) death--inducing signaling complex. Cell, 1996, 85: 
p. 817-27. 

130. Vincenz, C. and M., and Dixit V. Fas-associated death domain protein interleukin-1beta-converting 
enzyme 2 (FLICE2), an ICE/Ced-3 homologue, is proximally involved in CD95- and p55-mediated 
death signaling. J Biol Chem, 1997, 272: p. 6578-83. 

131. Rieux-Laucat, F., Fischer, A. and Deist, F. L. Cell-death signaling and human disease. Curr Opin 
Immunol, 2003, 15: p. 325-31. 

132. Irmler, M., K., Hofmann, D., Vaux, et al. Direct physical interaction between the Caenorhabditis 
elegans 'death proteins' CED-3 and CED-4. FEBS Lett, 1997, 406: p. 189-90. 

133. Li, P., D., Nijhawan, I., Budihardjo, et al. Cytochrome c and dATP-dependent formation of Apaf-
1/caspase-9 complex initiates an apoptotic protease cascade. Cell, 1997, 91: p. 479-89. 

134. Cain, K., G., Brown D., C., Langlais, et al. Caspase activation involves the formation of the aposome, a 
large (approximately 700 kDa) caspase-activating complex. J Biol Chem, 1999, 274: p. 22686-92. 

135. Zou, H., Y., Li, X., Liu, et al. An APAF-1.cytochrome c multimeric complex is a functional apoptosome 
that activates procaspase-9. J Biol Chem, 1999, 274: p. 11549-56. 

136. Pan, G., K., O'Rourke and M., and Dixit V. Caspase-9, Bcl-XL, and Apaf-1 form a ternary complex. J 
Biol Chem, 1998, 273: p. 5841-5. 

137. Huang, D. C., M., Adams J. and S., and Cory. The conserved N-terminal BH4 domain of Bcl-2 
homologues is essential for inhibition of apoptosis and interaction with CED-4. Embo J, 1998, 17: p. 
1029-39. 

138. Hotchkiss, R. S. and Nicholson, D. W. Apoptosis and caspases regulate death and inflammation in 
sepsis. Nat Rev Immunol, 2006, 6: p. 813-22. 

139. Scaffidi, C., S., Fulda, A., Srinivasan, et al. Two CD95 (APO-1/Fas) signaling pathways. Embo J, 1998, 
17: p. 1675-87. 

140. Yin, X. M., N., Oltvai Z. and J., and Korsmeyer S. BH1 and BH2 domains of Bcl-2 are required for 
inhibition of apoptosis and heterodimerization with Bax. Nature, 1994, 369: p. 321-3. 

141. Simonen, M., H., Keller and J., and Heim. The BH3 domain of Bax is sufficient for interaction of Bax 
with itself and with other family members and it is required for induction of apoptosis. Eur J Biochem, 
1997, 249: p. 85-91. 

142. Sedlak, T. W., N., Oltvai Z., E., Yang, et al. Multiple Bcl-2 family members demonstrate selective 
dimerizations with Bax. Proc Natl Acad Sci U S A, 1995, 92: p. 7834-8. 

143. Conus, S., T., Kaufmann, I., Fellay, et al. Bcl-2 is a monomeric protein: prevention of 
homodimerization by structural constraints. Embo J, 2000, 19: p. 1534-44. 

144. Sattler, M., H., Liang, D., Nettesheim, et al. Structure of Bcl-xL-Bak peptide complex: recognition 
between regulators of apoptosis. Science, 1997, 275: p. 983-6. 



� 166 

145. Kamada, S., H., Kusano, H., Fujita, et al. A cloning method for caspase substrates that uses the yeast 
two-hybrid system: cloning of the antiapoptotic gene gelsolin. Proc Natl Acad Sci U S A, 1998, 95: p. 
8532-7. 

146. Boise, L. H., Gonzalez-Garcia, M., Postema, C. E., et al. bcl-x, a bcl-2-related gene that functions as a 
dominant regulator of apoptotic cell death. Cell, 1993, 74: p. 597-608. 

147. Zha, J., H., Harada, E., Yang, et al. Serine phosphorylation of death agonist BAD in response to 
survival factor results in binding to 14-3-3 not BCL-X(L). Cell, 1996, 87: p. 619-28. 

148. Zha, J., H., Harada, K., Osipov, et al. BH3 domain of BAD is required for heterodimerization with BCL-
XL and pro-apoptotic activity. J Biol Chem, 1997, 272: p. 24101-4. 

149. Chang, B. S., J., Minn A., W., Muchmore S., et al. Identification of a novel regulatory domain in Bcl-
X(L) and Bcl-2. Embo J, 1997, 16: p. 968-77. 

150. Haldar, S., N., Jena and M., and Croce C. Inactivation of Bcl-2 by phosphorylation. Proc Natl Acad Sci 
U S A, 1995, 92: p. 4507-11. 

151. Weil, M., D., Jacobson M., S., Coles H., et al. Constitutive expression of the machinery for 
programmed cell death. J Cell Biol, 1996, 133: p. 1053-9. 

152. Thornberry, N. A., A., Rosen and W., and Nicholson D. Control of apoptosis by proteases. Adv 
Pharmacol, 1997, 41: p. 155-77. 

153. Krajewska, M., G., Wang H., S., Krajewski, et al. Immunohistochemical analysis of in vivo patterns of 
expression of CPP32 (Caspase-3), a cell death protease. Cancer Res, 1997, 57: p. 1605-13. 

154. Droin, N., L., Dubrez, B., Eymin, et al. Upregulation of CASP genes in human tumor cells undergoing 
etoposide-induced apoptosis. Oncogene, 1998, 16: p. 2885-94. 

155. Tamura, T., S., Ueda, M., Yoshida, et al. Interferon-gamma induces Ice gene expression and enhances 
cellular susceptibility to apoptosis in the U937 leukemia cell line. Biochem Biophys Res Commun 
1996, 229: p. 21-6. 

156. Xiang, J., T., Chao D. and J., and Korsmeyer S. BAX-induced cell death may not require interleukin 1 
beta-converting enzyme-like proteases. Proc Natl Acad Sci U S A, 1996, 93: p. 14559-63. 

157. Mills, J. C., L., Stone N., J., Erhardt, et al. Apoptotic membrane blebbing is regulated by myosin light 
chain phosphorylation. J Cell Biol 1998, 140: p. 627-36. 

158. McCarthy, N. J., K., Whyte M., S., Gilbert C., et al. Inhibition of Ced-3/ICE-related proteases does not 
prevent cell death induced by oncogenes, DNA damage, or the Bcl-2 homologue Bak. J Cell Biol, 1997, 
136: p. 215-27. 

159. Monney, L., I., Otter, R., Olivier, et al. Defects in the ubiquitin pathway induce caspase-independent 
apoptosis blocked by Bcl-2. J Biol Chem, 1998, 273: p. 6121-31. 

160. Kroemer, G., Galluzzi, L. and Brenner, C. Mitochondrial membrane permeabilization in cell death. 
Physiol Rev, 2007, 87: p. 99-163. 

161. Danilova, N. The evolution of immune mechanisms. J Exp Zoolog B Mol Dev Evol, 2006, 306: p. 496-
520. 

162. Medzhitov, R. and Janeway, C., Jr. Innate immunity. N Engl J Med, 2000, 343: p. 338-44. 
163. Appelberg, R. Neutrophils and intracellular pathogens: beyond phagocytosis and killing. Trends 

Microbiol, 2007, 15: p. 87-92. 
164. Mantovani, A., Sica, A. and Locati, M. New vistas on macrophage differentiation and activation. Eur J 

Immunol, 2007, 37: p. 14-6. 
165. Gura, T. Innate immunity: ancient system gets new respect. Science, 2001, 291: p. 2068–71. 
166. Metz-Boutigue, MH., Kieffer, AE., Goumon, Y., et al. Innate immunity: involvement of new 

neuropeptides. Trends Microbiol, 2003 11: p. 585-92. 
167. Metz-Boutigue, MH., Goumon, Y., Strub, JM., et al. Antimicrobial chromogranins and proenkephalin-

A-derived peptides: Antibacterial and antifungal activities of chromogranins and proenkephalin-A-
derived peptides. Ann N Y Acad Sci, 2003, 992: p. 168-78. 

168. Giacometti, A., Cirioni, O., Ghiselli, R., et al. Cathelicidin peptide sheep myeloid antimicrobial 
peptide-29 prevents endotoxin-induced mortality in rat models of septic shock. Am J Respir Crit Care 
Med, 2004, 169: p. 187–94. 

169. Rocha, B. and Tanchot, C. The Tower of Babel of CD8+ T-cell memory: known facts, deserted roads, 
muddy waters, and possible dead ends. Immunol Rev, 2006, 211: p. 182-96. 

170. Tan, J. T. and Surh, C. D. T cell memory. Curr Top Microbiol Immunol, 2006, 311: p. 85-115. 
171. Kemper, C. and Atkinson, J. P. T-cell regulation: with complements from innate immunity. Nat Rev 

Immunol, 2007, 7: p. 9-18. 
172. Larson, D. F. and Horak, K. Macrophage migration inhibitory factor: controller of systemic 

inflammation. Crit Care, 2006, 10: p. 138. 
173. Holers, V. M. and Kulik, L. Complement receptor 2, natural antibodies and innate immunity: Inter-

relationships in B cell selection and activation. Mol Immunol, 2007, 44: p. 64-72. 



� 167 

174. Unanue, E. R. and Allen, P. M. The basis for the immunoregulatory role of macrophages and other 
accessory cells. Science, 1987, 236: p. 551-7. 

175. Opal, S. M. and DePalo, V. A. Anti-inflammatory cytokines. Chest, 2000, 117: p. 1162-72. 
176. Hotchkiss, R. S., Tinsley, K. W., Hui, J. J., et al. p53-dependent and -independent pathways of 

apoptotic cell death in sepsis. J Immunol, 2000, 164: p. 3675-80. 
177. Monneret, G., Lepape, A., Voirin, N., et al. Persisting low monocyte human leukocyte antigen-DR 

expression predicts mortality in septic shock. Intensive Care Med, 2006, 32: p. 1175-83. 
178. Davis, M. M. and J., and Bjorkman P. T-cell antigen receptor genes and T-cell recognition published 

erratum appears in Nature 1988 Oct 20;335(6192):744. Nature, 1988, 334: p. 395-402. 
179. Nel, A. E. T-cell activation through the antigen receptor. Part 1: signaling components, signaling 

pathways, and signal integration at the T-cell antigen receptor synapse. J Allergy Clin Immunol, 2002, 
109: p. 758-70. 

180. Shaw, A. S. and L., and Dustin M. Making the T cell receptor go the distance: a topological view of T 
cell activation. Immunity, 1997, 6: p. 361-9. 

181. Dustin, M. L. and S., and Shaw A. Costimulation: building an immunological synapse comment. 
Science, 1999, 283: p. 649-50. 

182. Viola, A., S., Schroeder, Y., Sakakibara, et al. T lymphocyte costimulation mediated by reorganization 
of membrane microdomains. Science, 1999, 283: p. 680-2. 

183. Filipp, D. and Julius, M. Lipid rafts: resolution of the "fyn problem"? Mol Immunol, 2004, 41: p. 645-
56. 

184. Straus, D. B. and A., and Weiss. Genetic evidence for the involvement of the lck tyrosine kinase in 
signal transduction through the T cell antigen receptor. Cell, 1992, 70: p. 585-93. 

185. June, C. H., C., Fletcher M., A., Ledbetter J., et al. Increases in tyrosine phosphorylation are detectable 
before phospholipase C activation after T cell receptor stimulation. J Immunol, 1990, 144: p. 1591-9. 

186. Wange, R. L. and E., and Samelson L. Complex complexes: signaling at the TCR. Immunity, 1996, 5: p. 
197-205. 

187. Isakov, N. ITAMs: immunoregulatory scaffolds that link immunoreceptors to their intracellular 
signaling pathways. Receptors Channels, 1998, 5: p. 243-53. 

188. Palacios, E. H. and Weiss, A. Function of the Src-family kinases, Lck and Fyn, in T-cell development 
and activation. Oncogene, 2004, 23: p. 7990-8000. 

189. Fodor, S., Jakus, Z. and Mocsai, A. ITAM-based signaling beyond the adaptive immune response. 
Immunol Lett, 2006, 104: p. 29-37. 

190. Lucas, J. A., Miller, A. T., Atherly, L. O., et al. The role of Tec family kinases in T cell development 
and function. Immunol Rev, 2003, 191: p. 119-38. 

191. Wange, R. L. LAT, the linker for activation of T cells: a bridge between T cell-specific and general 
signaling pathways. Sci STKE, 2000, 2000: p. RE1. 

192. Sommers, C. L., Samelson, L. E. and Love, P. E. LAT: a T lymphocyte adapter protein that couples the 
antigen receptor to downstream signaling pathways. Bioessays, 2004, 26: p. 61-7. 

193. van Leeuwen, J. E. and Samelson, L. E. T cell antigen-receptor signal transduction. Curr Opin 
Immunol, 1999, 11: p. 242-8. 

194. Hogan, P. G., Chen, L., Nardone, J., et al. Transcriptional regulation by calcium, calcineurin, and 
NFAT. Genes Dev, 2003, 17: p. 2205-32. 

195. Wu, H., Peisley, A., Graef, I. A., et al. NFAT signaling and the invention of vertebrates. Trends Cell 
Biol, 2007. 

196. Hamel, L. P., Nicole, M. C., Sritubtim, S., et al. Ancient signals: comparative genomics of plant MAPK 
and MAPKK gene families. Trends Plant Sci, 2006, 11: p. 192-8. 

197. Nishimoto, S. and Nishida, E. MAPK signalling: ERK5 versus ERK1/2. EMBO Rep, 2006, 7: p. 782-6. 
198. Mor, A. and Philips, M. R. Compartmentalized Ras/MAPK signaling. Annu Rev Immunol, 2006, 24: p. 

771-800. 
199. Gallagher, E. D., Xu, S., Moomaw, C., et al. Binding of JNK/SAPK to MEKK1 is regulated by 

phosphorylation. J Biol Chem, 2002, 277: p. 45785-92. 
200. Poitras, L., Jean, S., Islam, N., et al. PAK interacts with NCK and MLK2 to regulate the activation of 

jun N-terminal kinase. FEBS Lett, 2003, 543: p. 129-35. 
201. Gaur, U. and Aggarwal, B. B. Regulation of proliferation, survival and apoptosis by members of the 

TNF superfamily. Biochem Pharmacol, 2003, 66: p. 1403-8. 
202. Liu, J. O. The yins of T cell activation. Sci STKE, 2005, 2005: p. re1. 
203. Zhang, J., X., Gao J., K., Salojin, et al. Regulation of fas ligand expression during activation-induced 

cell death in T cells by p38 mitogen-activated protein kinase and c-Jun NH2-terminal kinase. J Exp 
Med, 2000, 191: p. 1017-30. 

204. Marsden, V. S. and Strasser, A. Control of apoptosis in the immune system: Bcl-2, BH3-only proteins 
and more. Annu Rev Immunol, 2003, 21: p. 71-105. 



� 168 

205. Crabtree, G. R. Contingent genetic regulatory events in T lymphocyte activation. Science, 1989, 243: p. 
355-61. 

206. Green, D. R., P., Bissonnette R., M., Glynn J., et al. Activation-induced apoptosis in lymphoid systems. 
Semin Immunol, 1992, 4: p. 379-88. 

207. Radvanyi, L. G., Y., Shi, H., Vaziri, et al. CD28 costimulation inhibits TCR-induced apoptosis during a 
primary T cell response. J Immunol, 1996, 156: p. 1788-98. 

208. Lissy, N. A., F., Van Dyk L., M., Becker-Hapak, et al. TCR antigen-induced cell death occurs from a 
late G1 phase cell cycle check point. Immunity, 1998, 8: p. 57-65. 

209. Radvanyi, L. G., Y., Shi, B., Mills G., et al. Cell cycle progression out of G1 sensitizes primary-
cultured nontransformed T cells to TCR-mediated apoptosis. Cell, 1996, Immunol: p. 260-73. 

210. Lenardo, M. J. Interleukin-2 programs mouse alpha beta T lymphocytes for apoptosis. Nature, 1991, 
353: p. 858-61. 

211. Hunig, T. and A., and Schimpl. Systemic autoimmune disease as a consequence of defective lymphocyte 
death. Curr Opin Immunol, 1997, 9: p. 826-30. 

212. Fas, S. C., Fritzsching, B., Suri-Payer, E., et al. Death receptor signaling and its function in the immune 
system. Curr Dir Autoimmun, 2006, 9: p. 1-17. 

213. Roberts, A. I., Devadas, S., Zhang, X., et al. The role of activation-induced cell death in the 
differentiation of T-helper-cell subsets. Immunol Res, 2003, 28: p. 285-93. 

214. Janssen, O., Sanzenbacher, R. and Kabelitz, D. Regulation of activation-induced cell death of mature T-
lymphocyte populations. Cell Tissue Res, 2000, 301: p. 85-99. 

215. Singer, G. G. and K., and Abbas A. The fas antigen is involved in peripheral but not thymic deletion of 
T lymphocytes in T cell receptor transgenic mice. Immunity, 1994, 1: p. 365-71. 

216. Zheng, L., G., Fisher, E., Miller R., et al. Induction of apoptosis in mature T cells by tumour necrosis 
factor. Nature, 1995, 377: p. 348-51. 

217. Sato, T., S., Irie, S., Kitada, et al. FAP-1: a protein tyrosine phosphatase that associates with Fas. 
Science, 1995, 268: p. 411-5. 

218. Zhang, X., T., Brunner, L., Carter, et al. Unequal death in T helper cell (Th)1 and Th2 effectors: Th1, 
but not Th2, effectors undergo rapid Fas/FasL-mediated apoptosis. J Exp Med, 1997, 185: p. 1837-49. 

219. Torii, S., A., Egan D., A., Evans R., et al. Human Daxx regulates Fas-induced apoptosis from nuclear 
PML oncogenic domains (PODs). Embo J, 1999, 18: p. 6037-49. 

220. Imai, Y., T., Kimura, A., Murakami, et al. The CED-4-homologous protein FLASH is involved in Fas-
mediated activation of caspase-8 during apoptosis published erratum appears in Nature 1999 Jul 
1;400(6739):89. Nature, 1999, 398: p. 777-85. 

221. Hitoshi, Y., J., Lorens, I., Kitada S., et al. Toso, a cell surface, specific regulator of Fas-induced 
apoptosis in T cells. Immunity, 1998, 8: p. 461-71. 

222. Duke, R. C. and J., and Cohen J. IL-2 addiction: withdrawal of growth factor activates a suicide 
program in dependent T cells. Lymphokine Res 1986, 5: p. 289-99. 

223. Lenardo, M., M., Chan K., F., Hornung, et al. Mature T lymphocyte apoptosis--immune regulation in a 
dynamic and unpredictable antigenic environment. Annu Rev Immunol, 1999, 17: p. 221-53. 

224. Cohen, J. J. Programmed cell death in the immune system. Adv Immunol 1991, 50: p. 55-85. 
225. Heusel, J. W., L., Wesselschmidt R., S., Shresta, et al. Cytotoxic lymphocytes require granzyme B for 

the rapid induction of DNA fragmentation and apoptosis in allogeneic target cells. Cell, 1994, 76: p. 
977-87. 

226. Desbarats, J., Birge, R. B., Mimouni-Rongy, M., et al. Fas engagement induces neurite growth through 
ERK activation and p35 upregulation. Nat Cell Biol, 2003, 5: p. 118-25. 

227. Ohta, T., T., Kinoshita, M., Naito, et al. Requirement of the caspase-3/CPP32 protease cascade for 
apoptotic death following cytokine deprivation in hematopoietic cells. J Biol Chem 1997, 272: p. 
23111-6. 

228. Hotchkiss, R. S., Tinsley, K. W. and Karl, I. E. Role of apoptotic cell death in sepsis. Scand J Infect 
Dis, 2003, 35: p. 585-92. 

229. Kobayashi, M., Tsujitani, S., Kurisu, Y., et al. Bcl-2 and Bax expression for hepatocellular apoptosis in 
a murine endotoxin shock model. Hepatogastroenterology, 2002, 49: p. 1602-6. 

230. Korsmeyer, S. J., Shutter, J. R., Veis, D. J., et al. Bcl-2/Bax: a rheostat that regulates an anti-oxidant 
pathway and cell death. Semin Cancer Biol, 1993, 4: p. 327-32. 

231. Hotchkiss, R. S., Swanson, P. E., Knudson, C. M., et al. Overexpression of Bcl-2 in transgenic mice 
decreases apoptosis and improves survival in sepsis. J Immunol, 1999, 162: p. 4148-56. 

232. Hotchkiss, R. S., Tinsley, K. W., Swanson, P. E., et al. Prevention of lymphocyte cell death in sepsis 
improves survival in mice. Proc Natl Acad Sci U S A, 1999, 96: p. 14541-6. 

233. Hotchkiss, R. S., Chang, K. C., Swanson, P. E., et al. Caspase inhibitors improve survival in sepsis: a 
critical role of the lymphocyte. Nat Immunol, 2000, 1: p. 496-501. 



� 169 

234. Hotchkiss, R. S., Tinsley, K. W., Swanson, P. E., et al. Sepsis-induced apoptosis causes progressive 
profound depletion of B and CD4+ T lymphocytes in humans. J Immunol, 2001, 166: p. 6952-63. 

235. Adrie, C., Bachelet, M., Vayssier-Taussat, M., et al. Mitochondrial membrane potential and apoptosis 
peripheral blood monocytes in severe human sepsis. Am J Respir Crit Care Med, 2001, 164: p. 389-95. 

236. Williams, M. A., Withington, S., Newland, A. C., et al. Monocyte anergy in septic shock is associated 
with a predilection to apoptosis and is reversed by granulocyte-macrophage colony-stimulating factor 
ex vivo. J Infect Dis, 1998, 178: p. 1421-33. 

237. Hill, A. V. The immunogenetics of human infectious diseases. Annu Rev Immunol, 1998, 16: p. 593-
617. 

238. Petersen, L., Nielsen, G. G., Andersen, P. K., et al. Case-control study of genetic and environmental 
influences on premature death of adult adoptees. Genet Epidemiol, 2002, 23: p. 123-32. 

239. Sorensen, T. I., Nielsen, G. G., Andersen, P. K., et al. Genetic and environmental influences on 
premature death in adult adoptees. N Engl J Med, 1988, 318: p. 727-32. 

240. Copeland, S., Warren, H. S., Lowry, S. F., et al. Acute inflammatory response to endotoxin in mice and 
humans. Clin Diagn Lab Immunol, 2005, 12: p. 60-7. 

241. Heguy, A., Baldari, C. T., Macchia, G., et al. Amino acids conserved in interleukin-1 receptors (IL-1Rs) 
and the Drosophila toll protein are essential for IL-1R signal transduction. J Biol Chem, 1992, 267: p. 
2605-9. 

242. Anderson, K. V., Bokla, L. and Nusslein-Volhard, C. Establishment of dorsal-ventral polarity in the 
Drosophila embryo: the induction of polarity by the Toll gene product. Cell, 1985, 42: p. 791-8. 

243. Stein, D. and Nusslein-Volhard, C. Multiple extracellular activities in Drosophila egg perivitelline fluid 
are required for establishment of embryonic dorsal-ventral polarity. Cell, 1992, 68: p. 429-40. 

244. Beutler, B., Hoebe, K., Georgel, P., et al. Genetic analysis of innate immunity: identification and 
function of the TIR adapter proteins. Adv Exp Med Biol, 2005, 560: p. 29-39. 

245. Imler, J. L. and Hoffmann, J. A. Toll and Toll-like proteins: an ancient family of receptors signaling 
infection. Rev Immunogenet, 2000, 2: p. 294-304. 

246. Hoffmann, JA. The immune response of Drosophila. Nature, 2003, 426: p. 33-8 
247. Kirschning, C. J. and Schumann, R. R. TLR2: cellular sensor for microbial and endogenous molecular 

patterns. Curr Top Microbiol Immunol, 2002, 270: p. 121-44. 
248. Janeway, C. A., Jr. and Medzhitov, R. Innate immune recognition. Annu Rev Immunol, 2002, 20: p. 

197-216. 
249. Medzhitov, R., Preston-Hurlburt, P. and Janeway, C. A., Jr. A human homologue of the Drosophila Toll 

protein signals activation of adaptive immunity. Nature, 1997, 388: p. 394-7. 
250. Beutler, B., Du, X. and Poltorak, A. Identification of Toll-like receptor 4 (Tlr4) as the sole conduit for 

LPS signal transduction: genetic and evolutionary studies. J Endotoxin Res, 2001, 7: p. 277-80. 
251. Poltorak, A., He, X., Smirnova, I., et al. Defective LPS signaling in C3H/HeJ and C57BL/10ScCr mice: 

mutations in Tlr4 gene. Science, 1998, 282: p. 2085-8. 
252. Beutler, B. TLR4 as the mammalian endotoxin sensor. Curr Top Microbiol Immunol, 2002, 270: p. 109-

20. 
253. Bendtzen, K., Bovin, L. F., Andersen, V., et al. [Toll-like receptors. What can we learn about the 

immune system from banana flies and a mouse strain]. Ugeskr Laeger, 2001, 163: p. 4562-5. 
254. Holmes, C. L., Russell, J. A. and Walley, K. R. Genetic polymorphisms in sepsis and septic shock: role 

in prognosis and potential for therapy. Chest, 2003, 124: p. 1103-15. 
255. Arbour, N. C., Lorenz, E., Schutte, B. C., et al. TLR4 mutations are associated with endotoxin 

hyporesponsiveness in humans. Nat Genet, 2000, 25: p. 187-91. 
256. Singh, H., Sen, R., Baltimore, D., et al. A nuclear factor that binds to a conserved sequence motif in 

transcriptional control elements of immunoglobulin genes. Nature, 1986, 319: p. 154-8. 
257. Cook, D. N., Pisetsky, D. S. and Schwartz, D. A. Toll-like receptors in the pathogenesis of human 

disease. Nat Immunol, 2004, 5: p. 975-9. 
258. Hoffmann, A., Natoli, G. and Ghosh, G. Transcriptional regulation via the NF-kappaB signaling 

module. Oncogene, 2006, 25: p. 6706-16. 
259. Gerondakis, S., Grumont, R., Gugasyan, R., et al. Unravelling the complexities of the NF-kappaB 

signalling pathway using mouse knockout and transgenic models. Oncogene, 2006, 25: p. 6781-99. 
260. May, M. J. and Ghosh, S. Signal transduction through NF-kappa B. Immunol Today, 1998, 19: p. 80-8. 
261. Luo, J. L., Kamata, H. and Karin, M. IKK/NF-kappaB signaling: balancing life and death--a new 

approach to cancer therapy. J Clin Invest, 2005, 115: p. 2625-32. 
262. Viatour, P., Merville, M. P., Bours, V., et al. Phosphorylation of NF-kappaB and IkappaB proteins: 

implications in cancer and inflammation. Trends Biochem Sci, 2005, 30: p. 43-52. 
263. Bohrer, H., Qiu, F., Zimmermann, T., et al. Role of NFkappaB in the mortality of sepsis. J Clin Invest, 

1997, 100: p. 972-85. 



� 170 

264. Paterson, R. L., Galley, H. F., Dhillon, J. K., et al. Increased nuclear factor kappa B activation in 
critically ill patients who die. Crit Care Med, 2000, 28: p. 1047-51. 

265. Arnalich, F., Garcia-Palomero, E., Lopez, J., et al. Predictive value of nuclear factor kappaB activity 
and plasma cytokine levels in patients with sepsis. Infect Immun, 2000, 68: p. 1942-5. 

266. Knaus, W. A., Draper, E. A., Wagner, D. P., et al. APACHE II: a severity of disease classification 
system. Crit Care Med, 1985, 13: p. 818-29. 

267. Abraham, E. Nuclear factor-kappaB and its role in sepsis-associated organ failure. J Infect Dis, 2003, 
187 Suppl 2: p. S364-9. 

268. Wang, C. Y., Guttridge, D. C., Mayo, M. W., et al. NF-kappaB induces expression of the Bcl-2 
homologue A1/Bfl-1 to preferentially suppress chemotherapy-induced apoptosis. Mol Cell Biol, 1999, 
19: p. 5923-9. 

269. Bureau, F., Vanderplasschen, A., Jaspar, F., et al. Constitutive nuclear factor-kappaB activity preserves 
homeostasis of quiescent mature lymphocytes and granulocytes by controlling the expression of distinct 
Bcl-2 family proteins. Blood, 2002, 99: p. 3683-91. 

270. Chen, C., Edelstein, L. C. and Gelinas, C. The Rel/NF-kappaB family directly activates expression of 
the apoptosis inhibitor Bcl-x(L). Mol Cell Biol, 2000, 20: p. 2687-95. 

271. Glasgow, J. N., Qiu, J., Rassin, D., et al. Transcriptional regulation of the BCL-X gene by NF-kappaB 
is an element of hypoxic responses in the rat brain. Neurochem Res, 2001, 26: p. 647-59. 

272. Michie, H. R., Manogue, K. R., Spriggs, D. R., et al. Detection of circulating tumor necrosis factor 
after endotoxin administration. N Engl J Med, 1988, 318: p. 1481-6. 

273. Marecaux, G., Pinsky, M. R., Dupont, E., et al. Blood lactate levels are better prognostic indicators 
than TNF and IL-6 levels in patients with septic shock. Intensive Care Med, 1996, 22: p. 404-8. 

274. Opal, S. M. Clinical trial design and outcomes in patients with severe sepsis. Shock, 2003, 20: p. 295-
302. 

275. Taylor, F. B., Jr. Response of anticoagulant pathways in disseminated intravascular coagulation. Semin 
Thromb Hemost, 2001, 27: p. 619-31. 

276. Riewald, M., Petrovan, R. J., Donner, A., et al. Activation of endothelial cell protease activated 
receptor 1 by the protein C pathway. Science, 2002, 296: p. 1880-2. 

277. Morris, P. E., Hite, R. D. and Ohl, C. Relationship between the inflammation and coagulation pathways 
in patients with severe sepsis: implications for therapy with activated protein C. BioDrugs, 2002, 16: p. 
403-17. 

278. Osterud, B. Activation pathways of the coagulation system in normal haemostasis. Scand J Haematol, 
1984, 32: p. 337-45. 

279. Bernard, G. R., Vincent, J. L., Laterre, P. F., et al. Efficacy and safety of recombinant human activated 
protein C for severe sepsis. N Engl J Med, 2001, 344: p. 699-709. 

280. Bernard, G. R., Ely, E. W., Wright, T. J., et al. Safety and dose relationship of recombinant human 
activated protein C for coagulopathy in severe sepsis. Crit Care Med, 2001, 29: p. 2051-9. 

281. Abraham, E., Laterre, P. F., Garg, R., et al. Drotrecogin alfa (activated) for adults with severe sepsis 
and a low risk of death. N Engl J Med, 2005, 353: p. 1332-41. 

282. Joyce, D. E., Gelbert, L., Ciaccia, A., et al. Gene expression profile of antithrombotic protein c defines 
new mechanisms modulating inflammation and apoptosis. J Biol Chem, 2001, 276: p. 11199-203. 

283. Cheng, T., Liu, D., Griffin, J. H., et al. Activated protein C blocks p53-mediated apoptosis in ischemic 
human brain endothelium and is neuroprotective. Nat Med, 2003, 9: p. 338-42. 

284. Abraham, E., Reinhart, K., Svoboda, P., et al. Assessment of the safety of recombinant tissue factor 
pathway inhibitor in patients with severe sepsis: a multicenter, randomized, placebo-controlled, single-
blind, dose escalation study. Crit Care Med, 2001, 29: p. 2081-9. 

285. Baudo, F., Caimi, T. M., de Cataldo, F., et al. Antithrombin III (ATIII) replacement therapy in patients 
with sepsis and/or postsurgical complications: a controlled double-blind, randomized, multicenter 
study. Intensive Care Med, 1998, 24: p. 336-42. 

286. Angus, D. C., Laterre, P. F., Helterbrand, J., et al. The effect of drotrecogin alfa (activated) on long-
term survival after severe sepsis. Crit Care Med, 2004, 32: p. 2199-206. 

287. Cohen, J. The immunopathogenesis of sepsis. Nature, 2002, 420: p. 885-91. 
288. Hotchkiss, R. S., Osmon, S. B., Chang, K. C., et al. Accelerated lymphocyte death in sepsis occurs by 

both the death receptor and mitochondrial pathways. J Immunol, 2005, 174: p. 5110-8. 
289. Unsinger, J., Herndon, J. M., Davis, C. G., et al. The role of TCR engagement and activation-induced 

cell death in sepsis-induced T cell apoptosis. J Immunol, 2006, 177: p. 7968-73. 
290. Marchant, A., Deviere, J., Byl, B., et al. Interleukin-10 production during septicaemia. Lancet, 1994, 

343: p. 707-8. 
291. Lehmann, A. K., Halstensen, A., Sornes, S., et al. High levels of interleukin 10 in serum are associated 

with fatality in meningococcal disease. Infect Immun, 1995, 63: p. 2109-12. 



� 171 

292. Marchant, A., Alegre, M. L., Hakim, A., et al. Clinical and biological significance of interleukin-10 
plasma levels in patients with septic shock. J Clin Immunol, 1995, 15: p. 266-73. 

293. Gomez-Jimenez, J., Martin, M. C., Sauri, R., et al. Interleukin-10 and the monocyte/macrophage-
induced inflammatory response in septic shock. J Infect Dis, 1995, 171: p. 472-5. 

294. Friedman, G., Jankowski, S., Marchant, A., et al. Blood interleukin 10 levels parallel the severity of 
septic shock. J Crit Care, 1997, 12: p. 183-7. 

295. Neidhardt, R., Keel, M., Steckholzer, U., et al. Relationship of interleukin-10 plasma levels to severity 
of injury and clinical outcome in injured patients. J Trauma, 1997, 42: p. 863-70; discussion 870-1. 

296. Berg, D. J., Kuhn, R., Rajewsky, K., et al. Interleukin-10 is a central regulator of the response to LPS 
in murine models of endotoxic shock and the Shwartzman reaction but not endotoxin tolerance. J Clin 
Invest, 1995, 96: p. 2339-47. 

297. van der Poll, T., Marchant, A., Buurman, W. A., et al. Endogenous IL-10 protects mice from death 
during septic peritonitis. J Immunol, 1995, 155: p. 5397-401. 

298. Lyons, A., Kelly, J. L., Rodrick, M. L., et al. Major injury induces increased production of interleukin-
10 by cells of the immune system with a negative impact on resistance to infection. Ann Surg, 1997, 
226: p. 450-8; discussion 458-60. 

299. Levy, Y. and Brouet, J. C. Interleukin-10 prevents spontaneous death of germinal center B cells by 
induction of the bcl-2 protein. J Clin Invest, 1994, 93: p. 424-8. 

300. Cohen, S. B., Crawley, J. B., Kahan, M. C., et al. Interleukin-10 rescues T cells from apoptotic cell 
death: association with an upregulation of Bcl-2. Immunology, 1997, 92: p. 1-5. 

301. Pachot, A., Monneret, G., Voirin, N., et al. Longitudinal study of cytokine and immune transcription 
factor mRNA expression in septic shock. Clin Immunol, 2005, 114: p. 61-9. 

302. Fukuzuka, K., Rosenberg, J. J., Gaines, G. C., et al. Caspase-3-dependent organ apoptosis early after 
burn injury. Ann Surg, 1999, 229: p. 851-8; discussion 858-9. 

303. Ertel, W., Keel, M., Infanger, M., et al. Circulating mediators in serum of injured patients with septic 
complications inhibit neutrophil apoptosis through up-regulation of protein-tyrosine phosphorylation. J 
Trauma, 1998, 44: p. 767-75; discussion 775-6. 

304. Selzman, C. H., Shames, B. D., Miller, S. A., et al. Therapeutic implications of interleukin-10 in 
surgical disease. Shock, 1998, 10: p. 309-18. 

305. Ayala, A., Chung, C. S., Song, G. Y., et al. IL-10 mediation of activation-induced TH1 cell apoptosis 
and lymphoid dysfunction in polymicrobial sepsis. Cytokine, 2001, 14: p. 37-48. 

306. Oberholzer, A., Oberholzer, C. and Moldawer, L. L. Interleukin-10: A complex role in the pathogenesis 
of sepsis syndromes and its potential as an anti-inflammatory drug. Crit Care Med, 2002, 30: p. S58-
S63. 

307. Yan, S. B. and Nelson, D. R. Effect of factor V Leiden polymorphism in severe sepsis and on treatment 
with recombinant human activated protein C. Crit Care Med, 2004, 32: p. S239-46. 

308. Dahlback, B. Blood coagulation and its regulation by anticoagulant pathways: genetic pathogenesis of 
bleeding and thrombotic diseases. J Intern Med, 2005, 257: p. 209-23. 

309. Mosnier, L. O., Gale, A. J., Yegneswaran, S., et al. Activated protein C variants with normal 
cytoprotective but reduced anticoagulant activity. Blood, 2004, 104: p. 1740-4. 

310. Dhainaut, J. F., Yan, S. B., Margolis, B. D., et al. Drotrecogin alfa (activated) (recombinant human 
activated protein C) reduces host coagulopathy response in patients with severe sepsis. Thromb 
Haemost, 2003, 90: p. 642-53. 

311. Lorenz, E., Mira, J. P., Frees, K. L., et al. Relevance of mutations in the TLR4 receptor in patients with 
gram-negative septic shock. Arch Intern Med, 2002, 162: p. 1028-32. 

312. Annane, D., Sebille, V., Troche, G., et al. A 3-level prognostic classification in septic shock based on 
cortisol levels and cortisol response to corticotropin. Jama, 2000, 283: p. 1038-45. 

313. Rahman, A., Anwar, K. N., True, A. L., et al. Thrombin-induced p65 homodimer binding to 
downstream NF-kappa B site of the promoter mediates endothelial ICAM-1 expression and neutrophil 
adhesion. J Immunol, 1999, 162: p. 5466-76. 

314. Mosnier, L. O. and Griffin, J. H. Inhibition of staurosporine-induced apoptosis of endothelial cells by 
activated protein C requires protease-activated receptor-1 and endothelial cell protein C receptor. 
Biochem J, 2003, 373: p. 65-70. 

315. Bernard, G. R., Margolis, B. D., Shanies, H. M., et al. Extended evaluation of recombinant human 
activated protein C United States Trial (ENHANCE US): a single-arm, phase 3B, multicenter study of 
drotrecogin alfa (activated) in severe sepsis. Chest, 2004, 125: p. 2206-16. 

 
�

�



� 172 












� 173 






















����-�


AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA�

�



� 174 

�

�



�

/������������������������� ����������������������������������������#��$%���&�/������������������������� ����������������������������������������#��$%���&�/������������������������� ����������������������������������������#��$%���&�/������������������������� ����������������������������������������#��$%���&�2(32(32(32(3����

 

Le syndrome de réponse inflammatoire systémique est un syndrome clinique correspondant à la réponse inflammatoire systémique à 

certaines agressions cliniques graves comme un état infectieux, un état de choc ou un traumatisme. Ce syndrome est caractérisé par la 

présence d'au moins deux des signes suivants : 

- une température corporelle > 38° C ou < 36° C, 

- une rythme cardiaque > 90 battements par minute, 

- un rythme respiratoire > 20/min ou une hyperventilation se traduisant par une PaCO2 < 32 mm Hg (< 4,3 kPa) en air ambiant, 

- une leucocytose > 12 000/mm3 ou < 4 000/mm3 ou > 10 % de cellules immatures. 

 

Ces trois états septiques sont par ordre de gravité croissant : 

1. le sepsis : infection cliniquement suspectée ou microbiologiquement documentée, associée à un syndrome de réponse 

inflammatoire systémique 

2. le sepsis grave : sepsis avec dysfonction aiguë d'un ou de plusieurs organes définie par : 

- sepsis + lactates > 4 mmol/l ou 

- hypotension avant remplissage ou 

- dysfonction d'un ou plusieurs organes consécutive à leur hypoperfusion et à la toxicité cellulaire des toxines bactériennes : 

- poumon : atteinte de la fonction respiratoire définie par une PaO2/FiO2<300, 

- rein : attente de la fonction rénale définie par une créatinine > 176 µmol/l, >2x la normale ou une oligurie, 

- sang (en tant qu'organe) : thrombocytopénie < 100/mm³; coagulation : INR > 1.5, 

- foie : atteinte de la fonction hépatique définie par une INR >4, bilirubine > 78 µmol/l, 

- cerveau : troubles de la vigilance mesurés par l'échelle de Glasgow avec un GCS <13. 

3. le choc septique : sepsis grave avec hypotension artérielle réfractaire malgré un remplissage vasculaire adéquat (20-40 ml/kg)
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