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Abstract

AIM: To analyze the cytokine production by peripheral blood cells from cirrhotic patients with and without TLR4 D299G and/or T399I polymorphisms.
METHODS: The study included nine patients with cirrhosis and TLR4 D299G and/or T399I polymorphisms, and 10 wild-type patients matched for age, sex and degree of liver failure. TLR4 polymorphisms were determined by sequence-based genotyping. Cytokine production by peripheral blood cells was assessed spontaneously and also after lipopolysaccharide (LPS) and lipoteichoic acid (LTA) stimulation.

RESULTS: Patients with TLR4 polymorphisms had a higher incidence of previous hepatic encephalopathy than wild-type patients (78% vs 20%, p = 0.02). Spontaneous production of interleukin (IL)-6 and IL-10 was lower in patients with TLR4 polymorphisms than in wild-type patients [IL-6: 888.7 (172.0-2119.3) pg/ml vs 5540.4 (1159.2-26053.9) pg/ml, p < 0.001; IL-10: 28.7 (6.5-177.1) pg/ml vs 117.8 (6.5-318.1) pg/mL, p = 0.02]. However, the production of tumor necrosis factor-α, IL-6 and IL-10 after LPS and LTA stimulation was similar in the two groups.

CONCLUSION: TLR4 polymorphisms were associated with a distinctive pattern of cytokine production in cirrhotic patients, suggesting that they play a role in the development of cirrhosis complications.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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INTRODUCTION

A pro-inflammatory state is a frequent phenomenon in patients with cirrhosis and it has been related to several factors. One of these factors is the exposure to pathogen-associated molecular patterns (PAMPs) [i.e., endotoxin or lipopolysaccharide (LPS) from gram-negative bacteria] due to intestinal bacterial translocation[1-6]. There is growing evidence that the inflammatory response in these patients is implicated in the prognosis and development of complications[1,2,7,8], especially hepatic encephalopathy[9-11]. Moreover, due to bacterial translocation and alterations in immune response, patients with cirrhosis are predisposed to develop bacterial infections, mainly caused by enteric pathogens[1,2].

Toll-like receptors (TLR) recognize molecules broadly shared by pathogens but distinguishable from host molecules, collectively referred to as PAMPs. TLR2 recognizes multiple bacterial cell wall components (peptidoglycan, lipoteichoic acid and lipoproteins) by forming heterodimers with TLR1 and TLR6 and cooperating with CD14, CD36 and Dectin-1. In association with CD14 and its co-receptor MD-2, TLR4 recognizes LPS, a major component of gram-negative bacteria. It was reported that CD14 is also involved in TLR2-mediated lipoteichoic acid (LTA) stimulation[12]. On the other hand, TLR2 seems to be required for LPS-induced TLR4 signaling[13]. After the binding of TLR ligands, pro-inflammatory cytokines are released by the immune cell and systemic inflammatory response occurs[3,14,15].

Two main non-synonymous TLR4 genetic polymorphisms can usually be found in co-segregation in Caucasians[14-16]. The first of these is D299G, an A/G polymorphism that causes the amino-acid change from Asp to Gly at position 299, and the other is T399I, a C/T polymorphism that causes the change from Thr to Ile at position 399[14-16]. These polymorphisms have been shown to change the ligand-binding site of the receptor[17]. They can modify the inflammatory response[16,17] and predispose to bacterial infections[14,15,18]. The presence of TLR4 polymorphisms can therefore influence disease progression and development of complications in patients with cirrhosis[19,20].

We observed that cirrhotic patients with the TLR4 D299G polymorphism were more predisposed to bacterial infections and hepatic encephalopathy than wild-type patients[19]. One possible explanation for these findings is that the inflammatory response in patients with the TLR4 D299G polymorphism differs from that in wild-type patients. 

This study was designed to compare the cytokine production by peripheral blood cells from cirrhotic patients with TLR4 D299G and/or T399I polymorphisms to the cytokine production in patients without these polymorphisms.

MATERIALS AND METHODS
Patients

From April 2006 to May 2011 we screened 258 consecutive hospitalized patients with cirrhosis and ascites and found TLR4 D299G and/or T399I polymorphisms in 28 patients (11%). The present study was performed between February 2009 and July 2011 and included those patients with TLR4 polymorphisms who survived free of liver transplant and fulfilled the inclusion and exclusion criteria. Patients with TLR4 polymorphisms (polymorphism group) were matched for age, sex and degree of liver failure with cirrhotic patients without these polymorphisms (wild-type group). All the patients were Caucasian and cirrhosis was diagnosed by biopsy or from clinical, analytical and ultrasonographic findings. They all had decompensated cirrhosis as they had previously presented at least one decompensation.

All were outpatients coming to the hospital for follow-up visits or to the day hospital for therapeutic paracentesis. The exclusion criteria were human immunodeficiency virus infection or any other immunodeficiency, treatment with immunosuppressive or immunomodulatory drugs, hepatocellular carcinoma or other neoplasia, active alcohol intake in the previous year, liver transplantation, and active infection or any other decompensation of cirrhosis requiring hospitalization in the previous month.

At inclusion in the study, we recorded clinical and analytical data as well as previous decompensations of cirrhosis, with special emphasis on hepatic encephalopathy episodes, and we collected blood samples for laboratory analysis/assays.

A group of healthy Caucasian donors was also included to compare their cytokine production with that of patients with cirrhosis.

The study was a priori approved by the Clinical Research Ethics Committee at Hospital de la Santa Creu i Sant Pau and conforms to the ethical guidelines of the Helsinki Declaration of 1975 (6th revision, 2008). All patients gave written consent to be included after receiving appropriate verbal and written information. 

Samples

Whole blood samples were collected from healthy donors, patients from the polymorphism group (TLR4 D299G and/or T399I) and wild-type patients. Samples were processed within one hour after collection and maintained at room temperature. For cytokine production analysis, blood was collected into BD Vacutainer® tubes (BDbiosciences, San Jose, CA, United States) containing sodium-heparin. For the genomic DNA extraction, blood was collected into separate BD Vacutainer® tubes containing ethylene diamine tetra-acetic acid.

Genomic DNA extraction and TLR4 and TLR2 polymorphisms genotyping

Genomic DNA was extracted from buffy-coat fraction using QIAmp DNA blood minikit (Qiagen Inc., Valencia, CA, United States). The sequencing primer used for TLR4 Asp299Gly (D299G, rs4986790) was 5’-TGGAATGCTGGAAATCCAGA-3’, and for Thr399Ile (T399I, rs4986791) was 5’-CTCTAGAGGGCCTGTGCA-3’. 

As TLR2 polymorphisms can influence the cytokine production[15,16], we assessed the presence of Arg753Gln (R753Q, rs5743708) and Arg677Trp (R677W) TLR2 polymorphisms in our study population. The sequencing primer used for TLR2 R753Q was 5’-GCCTACTGGGTGGAGAACCT-3’ and for R677W was 5’-GGCCACTCCAGGTAGGTCTT-3’. 

The polymerase chain reaction consisted of an initial denaturation at 95 ℃ for 3 min, followed by 34 cycles of 45 s at 95 ℃, 30 s at 60 ℃ for TLR4 and 61.2 ℃ for TLR2, 1 min at 72 ℃, and a final extension of 5 min at 72 ℃. Once the amplification was confirmed, sequencing was performed by Macrogen Inc, Korea using BigDye (Applied Biosystem) chemistry.

Lipopolysaccharide binding protein levels

Serum was tested for lipopolysaccharide binding protein (LBP) concentration to assess exposure to bacteria and their endotoxins as an index of bacterial translocation[5], using specific ELISA (Biometec GmbH, Greifswald, Germany) according to the manufacturer’s instructions. LBP was quantified with standard curves provided by the corresponding ELISA kit. The detection limit was 5 ng/ml.

Whole blood cell culture 

Heparinized whole blood (2.5 ml) was cultured in 5 ml polypropylene tubes (BDbiosciences, San Jose, CA, United States) with: (1) 1 ml of RPMI 1640 medium (Biowhittaker, Cologne, Germany); (2) 650 l of RPMI 1640 medium with 350 l of ultrapure LPS (0.01 g/ml) (Ultra pure lipopolysaccharide from Escherichia coli 0111:B4 strain- TLR4 ligand cat# tlrl-pelps InvivoGen, San Diego, CA, United States); and (3) 350 l of LTA (1 g/mL) (Lipoteichoic acid from Staphylococcus aureus- TLR2 ligand cat #tlrl-psltal InvivoGen). The cultures were maintained at 37 ℃ with 5% CO2 for 20 h.

Cytokine levels

Culture supernatants were tested for TNF-, IL-10 (BD Pharmingen, Frankin Lakes, NJ, United States) and IL-6 (ImmunoTools, Friesoythe, Germany) concentrations using specific ELISAs, according to the manufacturer’s instructions. All cytokines were quantified with standard curves provided by the corresponding ELISA kit. The detection limits were: 30 pg/ml for TNF- and IL-10, and 10 pg/mL for IL-6.

Statistical analysis

Comparisons between patients with cirrhosis and healthy donors and between patients with TLR4 polymorphisms and wild-type patients were performed using Fisher’s exact test for categorical variables and Mann-Whitney test for quantitative data. A two-sided p value < 0.05 was considered statistically significant. Data are expressed as frequencies or median (range).

RESULTS

Patient characteristics

From the 28 patients with TLR4 D299G and/or T399I polymorphisms, 19 were not included for the following causes: 8 died before the present study was performed, 2 underwent liver transplantation, 6 were lost to follow-up, 2 developed hepatocellular carcinoma, and 1 had macroglobulinemia. Therefore, 9 patients with cirrhosis and TLR4 D299G and/or T399I polymorphisms (polymorphism group) were included in the study and compared to 10 matched cirrhotic patients without these polymorphisms (wild-type group). Five healthy donors were also included.

In the polymorphism group, eight of the nine patients showed both TLR4 D299G and T399I polymorphisms in heterozygosis, while the remaining patient showed only the T399I polymorphism in heterozygosis. Neither of the TLR2 polymorphisms was detected in the polymorphism group nor in the wild-type group. No TLR4 or TLR2 polymorphisms were detected in any of the healthy donors. 

Table 1 shows clinical and analytical characteristics of the two groups of patients. We did not find statistical differences in demographics, etiology of cirrhosis, degree of liver insufficiency, blood total leukocyte, monocyte and lymphocyte count, pharmacological treatment, or presence of ascites. There was a trend towards more patients on prophylaxis with norfloxacin in the polymorphism group.

The follow up from the time of the first decompensation of cirrhosis until inclusion in the study was 18.0 (4.5-97.0) months in the polymorphism group and 30.7 (2.5-59.5) in the wild-type group (p = 0.36). Table 2 shows the previous complications of cirrhosis during this period. There was a non-significant trend to a higher incidence of variceal bleeding and bacterial infections in the polymorphism group than in the wild-type group. The incidence of hepatic encephalopathy was higher in the polymorphism group than in the wild-type group (78% vs 20%, p = 0.02). Patients from the polymorphism group presented a higher number of hepatic encephalopathy episodes per patient than the wild-type group. Infection was the most frequent precipitating factor in the two groups: 8 episodes in the polymorphism group and 5 in the wild-type group. Other precipitating events were: diuretics (4 and 0 episodes), electrolyte disturbances (1 and 2), gastrointestinal bleeding (1 and 0), constipation (2 and 0), and benzodiazepine treatment (2 and 0). No precipitating events could be identified in 2 episodes from the polymorphism group and in 1 episode from the wild-type group.

LBP plasma levels

LBP plasma levels showed a trend to be higher in all patients with cirrhosis than in healthy donors [21.7 (2.2-49.7) g/ml vs 9.3 (6.0-16.2) g/ml, p = 0.28]. Patients with TLR4 polymorphisms showed a trend to have higher LBP plasma levels than wild-type patients [29.4 (14.7-49.7) g/ml vs 7.4 (2.2-32.9) g/ml, p = 0.07].

Cytokine production

Table 3 shows cytokine production by peripheral blood cells from healthy donors and all patients with cirrhosis. Spontaneous TNF- and IL-6 production was significantly higher in patients with cirrhosis than in healthy donors. The cytokine production of TNF- after LTA stimulation and IL-6 after LPS and LTA stimulation was significantly higher in patients with cirrhosis than in healthy donors. 

Figure 1 shows spontaneous and stimulated cytokine production in the two groups of patients with cirrhosis. There was a non-significant trend for a lower TNF- spontaneous production in the polymorphism group than in the wild-type group. Spontaneous production of IL-6 [888.7 (172.0-2119.3) pg/ml vs 5540.4 (1159.2-26053.9) pg/ml, p < 0.001] and IL-10 [28.7 (6.5-177.1) pg/ml vs 117.8 (6.5-318.1) pg/ml, p = 0.02] was lower in the polymorphism group than in the wild-type group. The cytokine production after stimulation with LPS and LTA was similar in the two groups. Therefore, the increase in stimulated cytokine production with respect to spontaneous cytokine production, expressed as fold change, was higher in the polymorphism group than in the wild-type group (Table 4). 

Table 5 shows cytokine production by peripheral blood cells from patients without prophylactic norfloxacin. The differences in the cytokine production between patients with TLR4 polymorphisms and wild-type patients in this subgroup were similar to those observed in the whole series.

DISCUSSION

The main finding in the present study is that peripheral blood cells from patients with cirrhosis and TLR4 D299G and/or T399I polymorphisms spontaneously produced lower levels of IL-6 and IL-10 than wild type patients but showed a similar IL-6, TNF- and IL-10 production after stimulation. 

Patients with cirrhosis presented a higher spontaneous production of pro-inflammatory cytokines than healthy donors. This finding agrees with the pro-inflammatory state described in cirrhosis[5,6], thought to be mainly related to bacterial translocation and increased plasma endotoxin[1,2,4-6]. When continuously exposed to endotoxin, the immune system can develop tolerance, leading to blunted cytokine production after stimulation[21-23]. However, our results do not support this hypothesis because we observed a higher pro-inflammatory cytokine production after LPS and LTA stimulation in patients with cirrhosis than in controls. A higher pro-inflammatory cytokine production after LPS stimulation has also been observed previously in patients with cirrhosis[24] and in rats with carbon tetrachloride-induced cirrhosis[25]. 

Despite similar clinical and analytical characteristics, patients with cirrhosis and TLR4 D299G and/or T399I polymorphisms showed lower IL-6 spontaneous production than wild-type patients. In the setting of cirrhosis and increased endotoxemia, this finding could be the consequence of a decrease in the cellular responsiveness to endotoxin associated with these TLR4 polymorphisms, as observed in other populations[16,26]. Such impaired responsiveness could lead to a defective clearance of the increased plasma endotoxin, which in turn would enhance synthesis of LBP, an index of long-term exposure to endotoxin[5]. Moreover, increased LBP could further decrease the synthesis of IL-6[27]. In support of this hypothesis, we observed a trend for higher LBP plasma levels in patients with TLR4 polymorphisms than in wild-type patients. However, when peripheral blood cells were stimulated with high concentrations of LPS or LTA, patients with cirrhosis and TLR4 polymorphisms and wild type-patients showed a similar cytokine production. Our findings are in keeping with previous data showing that the functional consequences of TLR4 polymorphisms are more evident at low agonist concentrations than at high agonist concentrations[28]. Changes in the anti-inflammatory cytokine IL-10 paralleled those observed in IL-6 and can be explained as a compensatory mechanism to attenuate the effects of this pro-inflammatory cytokine[23].

Previous studies in non-cirrhotic populations have reported contradictory results about the relationship between TLR4 D299G and T399I polymorphisms and immune response[15,16,18,26,29-32], as hypo-[16,26], normo-[29-32] and also hyper-responsiveness[29] have all been associated with these polymorphisms. These contradictory findings can be attributed to differences between the studies, such as the characteristics and status of patients or cells evaluated, stimulation protocols and the doses of ligands used, and interactions between several coincident polymorphisms[15,18,28,29]. For example, in the Dogon population, the TLR4 D299G polymorphism is usually observed without the T399I polymorphism, and it has been associated with a higher TNF- production after LPS stimulation than in wild-type individuals[29]. In Caucasians, however, the D299G polymorphism is almost always associated with the T399I polymorphism, and these two polymorphisms are associated with a TNF- production after LPS stimulation that is similar to that in wild-type individuals[29]. To our knowledge, no studies have previously evaluated the influence of TLR4 D299G or T399I polymorphisms on peripheral blood cell function in the complex immunological setting of patients with cirrhosis. 

Antibiotic treatment can influence the function of immune cells by decreasing bacterial translocation[5,22,33]. To avoid this confounding factor, we further analyzed patients without prophylactic norfloxacin separately. We found that patients with TLR4 polymorphisms presented lower spontaneous IL-6 production than wild-type patients, as observed in the whole series.

The influence of genetic factors in the evolution of patients with liver diseases is currently gaining interest[19-20,34-36]. The different cytokine production profile observed in our patients could help to explain some associations between TLR4 polymorphisms and the development of complications in cirrhosis. The lower spontaneous pro-inflammatory cytokine production in our study reflects a less marked basal pro-inflammatory state in vivo in patients with TLR4 D299G and/or T399I polymorphisms than in wild-type patients. This finding could be related to the predisposition of patients with these TLR4 polymorphisms to develop bacterial infections[14,15,19], but it could also explain the protective effect of TLR4 polymorphisms against progression of liver disease[19,20]. The inflammatory response has been increasingly implicated in the development of hepatic encephalopathy, and it is now considered that inflammation acts synergistically with ammonia toxicity in the pathogenesis of this complication[9-11]. Moreover, as we also observed in the present study, infection is a main triggering factor of hepatic encephalopathy[9-11]. The different cytokine production profile observed in our study suggests that cirrhotic patients with TLR4 polymorphisms may show in vivo a greater difference between basal and stimulated (i.e., during bacterial infection[1-5,37]) cytokine production than wild-type patients. This higher cytokine production gradient in TLR4 polymorphisms patients could be related to their predisposition to develop hepatic encephalopathy, as has been observed here and in a previous study with a higher number of patients[19]. 

Our study has certain limitations. The first is the small number of patients studied and their heterogeneity, as etiologies of cirrhosis were diverse and some patients were on norfloxacin treatment. It was difficult to recruit a larger, more homogeneous series of patients because the prevalence of TLR4 D299G and T399I polymorphisms is only about 10% of the population[14,15,19]. Besides, we found that our results were similar when we analyzed only patients without antibiotic treatment. Furthermore, the etiology was related to alcohol and/or hepatitis C virus in most patients in both groups. Previous studies have shown that the presence of hepatitis C virus appears to have no relevant effects on the cytokine production evaluated in the present study[38,39]. A second limitation is that we determined cytokine production in whole blood cell cultures. This is a physiological model to study the overall peripheral immune response ex vivo[29,31,40], but it is unable to identify the subsets of cells responsible for the different cytokine production profile. And third, the relationship between a higher cytokine production gradient and the development of hepatic encephalopathy in patients with TLR4 polymorphisms is only speculative because no data were available on cytokine production during hepatic encephalopathy episodes. 

In conclusion, spontaneous IL-6 and IL-10 production was lower in patients with cirrhosis and TLR4 D299G and/or T399I polymorphisms than in wild-type patients. Furthermore, the production of IL-6, TNF- and IL-10 after TLR stimulation was similar in patients with TLR4 polymorphisms and in wild-type patients. This different pattern of cytokine production could play a role in the development of complications, such as hepatic encephalopathy, in patients with these polymorphisms.
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Background

Due to bacterial translocation and several alterations in the immune response, patients with cirrhosis are predisposed to develop infections caused by enteric bacteria. Pathogen-associated molecular patterns in these bacteria are usually recognized by transmembrane receptors (TLRs) found mainly on the surface of leukocytes. When this occurs, TLRs trigger the innate inflammatory response. The authors previously observed that cirrhotic patients with the TLR4 D299G polymorphism were more predisposed to bacterial infections and hepatic encephalopathy than wild-type patients. One possible explanation for these findings is that the inflammatory response in patients with the TLR4 D299G polymorphism differs from that in wild-type patients. 

Research frontiers

The influence of genetic factors in the evolution of patients with liver diseases is currently gaining interest. The profile of the innate immune response in patients with TLR polymorphisms could help to explain the development of complications in cirrhosis.

Related publications

Guarner-Argente C, Sanchez E, Vidal S, Roman E, Concepcion M, Poca M, Sanchez D, Juarez C, Soriano G, Guarner C. Toll-like receptor 4 D299G polymorphism and the incidence of infections in cirrhotic patients. Aliment Pharmacol Ther 2010; 31(11): 1192-1199 

Innovations and breakthroughs

No studies have previously evaluated the influence of TLR4 polymorphisms on peripheral blood cell function in the complex immunological setting of patients with cirrhosis. Cirrhotic patients with TLR4 D299G and/or T399I polymorphisms showed a less marked basal pro-inflammatory state than wild-type patients, predisposing them to develop bacterial infections. Cirrhotic patients with these TLR4 polymorphisms showed a higher difference between basal and bacteria stimulated cytokine production than wild-type patients. Since infection is a main triggering factor of hepatic encephalopathy, this higher cytokine production gradient in patients with these polymorphisms could be related to their predisposition to develop this cirrhotic complication.

Applications

The main application is the identification of predisposing biomarkers for cirrhosis complications: bacterial infections and hepatic encephalopathy.

Terminology

Bacterial translocation is defined as the passage of bacteria or their products from the intestinal lumen to extraintestinal sites, such as mesenteric lymph nodes. Hepatic encephalopathy is the occurrence of confusion, altered level of consciousness and coma as a result of liver failure. 

Peer review

The studies presented the data on the cytokine [interleukin (IL)-6 and IL-10] and tumor necrosis factor production by peripheral blood cells from cirrhotic patients with and without TLR4/D299G and /or T399I polymorphism. The cytokine production was assessed before and after lipopolysaccharide and lipoteichoic acid stimulation. Based on the presented data the authors suggest that the presence of TLR4/D299G and/or T399I polymorphism may be associated with a distinct pattern of cytokine production in patients with cirrhosis and, hence could be responsible for the development of complications. This is quite informative, well written, and relatively well presented study. However, there are several omissions that detract the reader.
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FIGURE LEGENDS

Figure 1  Cytokine production in patients with cirrhosis and TLR4 polymorphisms and wild-type patients. A: TNF- concentration in supernatants of unstimulated and LPS and LTA stimulated peripheral blood cells; B: IL-6 concentration in supernatants of unstimulated and LPS and LTA stimulated peripheral blood cells; and C: IL-10 concentration in supernatants of unstimulated and LPS and LTA stimulated peripheral blood cells. TNF-: Tumour necrosis factor-alpha; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; IL: Interleukin.
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Table 1  Clinical and analytical characteristics of patients with TLR4 polymorphisms and wild-type patients  n (%)


�
Polymorphisms (n = 9)�
Wild-type (n = 10)�
P value�
�
Age (yr)�
63.2 (40-78)�
61.0 (42-79)�
0.93�
�
Sex (male/female) �
6 (67)/3 (33)�
6 (60)/4 (40)�
1.00�
�
Etiology (alcohol/HCV/alcohol + HCV/other) �
3 (33)/3 (33)/2 (22)/1 (11)�
5 (50)/2 (20)/3 (30)/0 (0)�
0.5�
�
Child-Pugh score�
  7 (5-9)�
  6 (5-8)�
0.49�
�
MELD score�
  11 (6-16)�
  12 (6-18)�
0.62�
�
Serum bilirubin (mol/L)�
17.0 (7-41)�
27.5 (9-60)�
0.56�
�
Serum albumin (g/L)�
32.8 (22.7-49.4)�
35.9 (30.0-43.9)�
0.34�
�
INR�
1.10 (1.01-1.48)�
1.22 (0.96-1.39)�
0.68�
�
Blood total leukocyte count (× 109/L) �
  5.89 (2.75-11.48)�
5.67 (3.84-8.57)�
0.93�
�
Blood neutrophil count (× 109/L)�
3.30 (2.00-7.78)�
3.21 (1.61-5.63)�
0.74�
�
Blood monocyte count (× 109/L)�
0.59 (0.20-0.98)�
0.66 (0.38-1.00)�
0.46�
�
Blood lymphocyte count (× 109/L)�
1.00 (0.38-2.15)�
1.41 (0.35-2.22)�
0.39�
�
Present ascites �
3 (33)�
3 (30)�
1.00�
�
Diuretics�
6 (67)�
9 (90)�
0.30�
�
Beta-blockers �
4 (44)�
5 (50)�
1.00�
�
Norfloxacin prophylaxis �
5 (55)�
4 (40)�
0.65�
�
HCV: Hepatitis C virus; MELD: Model for end-stage liver disease; INR: International normalized ratio. 





Table 2  Data of previous complications of cirrhosis in patients with TLR4 polymorphisms and wild-type patients  n (%)


�
Polymorphisms (n = 9)�
Wild-type (n = 10)�
P value�
�
Previous ascites �
   9 (100)�
  10 (100)�
1.00�
�
Previous variceal bleeding �
  4 (44)�
  2 (20)�
0.35�
�
Previous bacterial infections �
  8 (89)�
  5 (50)�
0.14�
�
Number of infections/patient�
2.0 (0-4)�
0.5 (0-5)�
0.14�
�
Previous SBP �
  5 (55)�
  3 (30)�
0.37�
�
Previous hepatic encephalopathy �
  7 (78)�
  2 (20)�
0.02�
�
Number of episodes of encephalopathy�
17�
8�
�
�
Number of episodes of encephalopathy/patient�
   1 (0-5)�
   0 (0-7)�
0.03�
�
Degree of encephalopathy (episodes) 1/2/3/4�
5/9/1/2�
3/4/0/1�
�
�
Degree of encephalopathy1�
2.0 (1-4)�
1.9 (1-4)�
0.74�
�
1Median (range) of the degree of hepatic encephalopathy in patients with this complication. SBP: Spontaneous bacterial peritonitis.





Table 3  Spontaneous and stimulated cytokine production by peripheral blood cells in healthy donors and all patients with cirrhosis


�
Healthy donors (n = 5)�
All patients with cirrhosis (n = 19)�
P value�
�
Spontaneous TNF- (pg/mL)�
< 30�
   602.4 (96.1-3920.1)�
0.001�
�
TNF- after LPS (pg/mL)�
  1693 (1185-3709)�
2904 (931-5078)�
0.150�
�
TNF- after LTA (pg/mL)�
638.3 (49.7-1958)�
2440 (241-4798)�
0.006�
�
Spontaneous IL-6 (pg/mL)�
< 10�
     1537.8 (172.0-26053.9)�
0.001�
�
IL-6 after LPS (pg/mL)�
20493 (19499-23042)�
  30219 (1362-32680)�
0.006�
�
IL-6 after LTA (pg/mL)�
22157 (17390-27010)�
  30165 (3269-32707)�
0.005�
�
Spontaneous IL-10 (pg/mL)�
< 30�
 43.6 (6.5-318.1)�
0.210�
�
IL-10 after LPS (pg/mL)�
1309 (590.2-1578)�
  939.9 (120.8-2100)�
0.890�
�
IL-10 after LTA (pg/mL)�
499.3 (268.7-816.9)�
  800.4 (80.72-2077)�
0.150�
�
TNF-: Tumour necrosis factor-alpha; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; IL: Interleukin.





Table 4  Increment in cytokine production expressed as stimulated/spontaneous production fold change in patients with cirrhosis and TLR4 polymorphisms and wild-type patients


�
Polymorphisms (n = 9)�
Wild-type (n = 10)�
P value�
�
Increment TNF- after LPS�
5.3 (1.0-17.4)�
  3.8 (1.1-17.0)�
   0.280�
�
Increment TNF- after LTA�
6.5 (1.2-14.4)�
2.7 (0.2-5.1)�
   0.040�
�
Increment IL-6 after LPS�
  26.0 (14.7-189.9)�
  3.3 (1.1-17.0)�
< 0.001�
�
Increment IL-6 after LTA�
  35.2 (15.4-183.6)�
  3.0 (1.2-25.6)�
< 0.001�
�
Increment IL-10 after LPS�
37.8 (9.3-185.1)�
    6.3 (0.5-143.9)�
   0.006�
�
Increment IL-10 after LTA�
32.0 (11.3-70.4)�
  3.7 (1.0-23.7)�
   0.002�
�
TNF-: Tumour necrosis factor-alpha; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; IL: Interleukin.





Table 5  Spontaneous and stimulated cytokine production by peripheral blood cells in patients with cirrhosis not treated with norfloxacin


�
Polymorphisms (n = 4)�
Wild-type (n = 6)�
P value�
�
Spontaneous TNF- (pg/mL)�
      464.3 (223.6-3920.1)�
813.1 (591-1573)�
 0.25�
�
TNF- after LPS (pg/mL)�
    3166 (931.8-5078)�
 2936 (1272-4547)�
 0.76�
�
TNF- after LTA (pg/mL)�
   2766 (2291-4798)�
  1927 (241.3-4455)�
 0.17�
�
Spontaneous IL-6 (pg/mL)�
      699.4 (320.8-1145.6)�
      5540 (1538-26053.9)�
< 0.001�
�
IL-6 after LPS (pg/mL)�
     27880 (19100-30070)�
   29000 (24960-32670)�
 0.47�
�
IL-6 after LTA (pg/mL)�
     29660 (27970-30290)�
 29860 (3269-32170)�
 1.00�
�
Spontaneous IL-10 (pg/mL)�
13.2 (6.5-39.1)�
135.6 (36.2-318.1)�
 0.02�
�
IL-10 after LPS (pg/mL)�
949.5 (655-1474)�
  1467 (334.5-2100)�
 0.35�
�
IL-10 after LTA (pg/mL)�
606.8 (376-1234)�
 897.6 (86.66-1530)�
 0.91�
�
TNF-: Tumour necrosis factor-alpha; LPS: Lipopolysaccharide; LTA: Lipoteichoic acid; IL: Interleukin.
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