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  Abstract
  The ingestion of fatty meals is associated with a transient, low-grade systemic inflammatory response in human subjects, involving the activation of circulating monocytes and the secretion of pro-inflammatory cytokines. However, it is not yet clear how different foodstuffs may promote inflammatory signalling. In a screen of forty filter-sterilised soluble extracts from common foodstuffs, seven were found to induce the secretion of TNF-α and IL-6 from human monocytes in vitro. To investigate what may differentiate inflammatory from non-inflammatory food extracts, stimulants of Toll-like receptor (TLR) 2 and TLR4 were quantified using human embryonic kidney-293 cells transfected with each TLR, and calibrated with defined bacterial lipopeptide (BLP) and lipopolysaccharide (LPS) standards. These assays revealed that while most foods contained undetectable levels of TLR2 or TLR4 stimulants, all TNF-α-inducing foods contained stimulants of either TLR2 (up to 1100 ng BLP-equivalent/g) or TLR4 (up to 2700 ng LPS-equivalent/g) in both the soluble and insoluble fractions. TLR stimulants were present mainly in meat products and processed foods, but were minimal or undetectable in fresh fruit and vegetables. The capacity of food extracts to induce TNF-α secretion in monocytes correlated with the content of both TLR2 (r 0·837) and TLR4 stimulants (r 0·748), and was completely abolished by specific inhibition of TLR2 and TLR4. LPS and BLP were found to be highly resistant to typical cooking times and temperatures, low pH and protease treatment. In conclusion, apparently unspoiled foodstuffs can contain large quantities of stimulants of TLR2 and TLR4, both of which may regulate their capacity to stimulate inflammatory signalling.
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   Dietary factors have long been understood to play a critical role in the development of diseases such as atherosclerosis and insulin resistance(Reference Paoletti, Poli and Cignarella1). As more recent evidence has indicated that chronic inflammatory processes also underpin the development of these diseases, potential mechanisms linking nutrition and inflammatory signalling are being sought. Recently, it has been shown that the ingestion of fatty meals is associated with the transient activation of circulating monocytes and increases in circulating inflammatory markers, such as TNF-α and IL-6(Reference Nappo, Esposito and Cioffi2–Reference Blanco-Colio, Valderrama and Alvarez-Sala4). We and others showed that these responses may be due, at least in part, to the induction of mild postprandial endotoxaemia, which was found to occur after a fatty meal in human subjects and in animal models(Reference Erridge, Attina and Spickett5–Reference Ghoshal, Witta and Zhong10). To date, it has been widely considered that the source of this circulating endotoxin is the resident intestinal microflora. However, in light of the recent finding that chylomicrons are the likely vehicle for endotoxin translocation in response to a fatty meal(Reference Ghoshal, Witta and Zhong10), we sought a re-evaluation of this notion. Specifically, as the small intestine is likely to be the primary site of endotoxin absorption after a fatty meal, yet only low levels of endogenous endotoxin are present in the small intestine due to the very limited microflora present in this region of the gut(Reference Berg11), alternative potential sources of postprandial endotoxin were sought.
 We therefore aimed to determine whether common foodstuffs may contain appreciable quantities of endotoxin or other similar agents that may be capable of eliciting innate immune activation of human monocytes. In particular, we chose to quantify the levels of stimulants of Toll-like receptor (TLR) 2 and TLR4 in food extracts, as these receptors have been shown to play key roles in murine models of atherosclerosis(Reference Mullick, Tobias and Curtiss12–Reference Madan and Amar14) and insulin resistance(Reference Shi, Kokoeva and Inouye15–Reference Himes and Smith19). Moreover, experimental administration of the ligands of TLR2 and TLR4, namely bacterial lipopeptides (BLP) and lipopolysaccharides (LPS), to animal models of these diseases has been shown to result in a marked increase in both atherosclerosis and insulin resistance(Reference Cani, Amar and Iglesias6, Reference Mullick, Tobias and Curtiss12, Reference Lehr, Sagban and Ihling20–Reference Schoneveld, Oude Nijhuis and van Middelaar23).
 Forty extracts were therefore prepared from twenty-seven foodstuffs common to the Western diet, and the capacity of each to induce the secretion of IL-6 and TNF-α from human monocytes was measured and compared with the abundance of stimulants of TLR2 or TLR4 in each foodstuff, as quantified using a novel TLR transfectant-based bioassay(Reference Erridge, Duncan and Bereswill24). We furthermore aimed to establish whether the biological activities of such stimulants may be sensitive to commonly used cooking regimens, or to low pH and protease environments similar to those that may be encountered in the stomach before entry to the small intestine, and whether they may reflect endogenous TLR stimulants or microbial food contaminants.
 Materials and methods
 Preparation of food extracts
 Fresh foods from four major categories (fruit and vegetables, dairy, meat and processed foods) were purchased from local supermarkets or retail food outlets and were taken directly to the laboratory for processing on the same day. All foods showed no obvious signs of spoilage or degradation, as assessed by lack of ‘off-odours’, unusual colouration or visible blemishes associated with plant diseases, and were within advertised ‘use-by’ dates. Fruit and vegetables were peeled and chopped before processing in the uncooked form. Minced meats were also uncooked before assay, although precooked processed foods (including those purchased from fast-food outlets) were assayed in the cooked form as they would be bought or consumed. In each case, 25 g of fresh produce were homogenised in 250 ml PBS using a domestic blender (full power for 1 min) which was thoroughly cleaned and rinsed between the sample processing. A 1 ml aliquot of each homogenate was then heat sterilised (100°C for 10 min) to represent the insoluble pathogen-associated molecular patterns (PAMP), such as LPS and lipopeptide, present in each foodstuff (termed heat-killed food extract), and these were applied to cells in subsequent experiments as a suspension of insoluble particles. A second aliquot of each food suspension was then clarified by centrifugation (13 000 g for 5 min), and the resulting supernatant was filter sterilised (0·22 μm; Acrodisc, San Francisco, CA, USA) to represent the soluble PAMP present in each sample (termed sterile-filtered food extract). Sterile-filtered food extract and heat-killed food extract samples were stored at − 20°C before batch assay for BLP and LPS contents.

 Challenge of human monocytes
 Venous blood was collected by venipuncture from consenting healthy human subjects (age 22–35 years) according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the University of Leicester College of Medicine Research Ethics Committee. Exclusion criteria included self-reporting of a previous diagnosis of any chronic inflammatory disease (such as arthritis or inflammatory bowel disease), infection within the previous 4 weeks or use of any medication other than oral contraceptives within the last week. Written informed consent was obtained from all the subjects. Peripheral blood mononuclear cells were prepared by density gradient centrifugation at 800 g for 25 min using Histopaque-1077 (Sigma, St Louis, MO, USA). Recovered cells were washed twice in PBS, re-suspended in Roswell Park Memorial Institute–10 % fetal calf serum (Sigma) and plated in ninety-six-well plates at 4 × 105 cells per well. Monocytes were prepared from peripheral blood mononuclear cells by plastic adherence (1 h at 37°C), followed by gentle washing to remove non-adherent cells. Remaining monocytes, which were of approximately 85–90 % purity as measured by forward and side scatter distribution and CD14-positive staining as measured by flow cytometry, were then challenged by adding a 1:20 dilution of each sterile-filtered food extract in tissue culture medium. After incubation at 37°C for 4 h, the supernatants were removed for the assay of TNF-α content by L929 cell bioassay as described previously(Reference Delahooke, Barclay and Poxton25), or IL-6 levels were measured by ELISA (R&D Systems, Minneapolis, MN, USA) after 18 h.

 Toll-like receptor transfection reporter assays and quantification of Toll-like receptor stimulants
 For transfection assays, human embryonic kidney (HEK)-293 cells were plated in ninety-six-well plates at 104 cells per well and transfected after 24 h using GeneJuice (Novagen, Madision, WI, USA) according to manufacturer's instructions. The amounts of construct per well were 30 ng of human TLR2, TLR4 (co-expressing MD-2) or TLR5 (Invivogen, San Diego, CA, USA), 30 ng of pCD14 (kind gift of Professor Christopher Gregory, University of Edinburgh) and 10 ng of NF-κB-sensitive luciferase reporter construct (pELAM). Cells were grown for 3 d post-transfection before 18 h challenge. Promoter expression was calculated as fold induction relative to cells cultured in medium alone (sd). Endogenous expression of TLR in HEK-293 cells was ruled out by RT-PCR (data not shown). Escherichia coli R1 (NCTC 13114) LPS was prepared as described previously and was repurified by phenol–water extraction to remove TLR2-stimulating lipopeptide contaminants(Reference Delahooke, Barclay and Poxton25). Synthetic BLP Pam3CSK4 and flagellin of Salmonella typhimurium were purchased from Invivogen. LPS, Pam3CSK4 or flagellin were unable to activate HEK-293 cells transfected with CD14 alone, or with non-corresponding TLR (data not shown). Standard curves were prepared using 10-fold dilutions of BLP and LPS from 100 to 0·1 ng/ml, or from 2000 to 20 ng/ml for flagellin, in duplicate. Log-transformed PAMP concentrations were then plotted against fold induction of NF-κB reporter to generate a standard curve. This was used to estimate the concentrations of TLR2, TLR4 and TLR5 stimulants present in each food sample relative to standard Pam3CSK4, LPS or flagellin as described previously(Reference Erridge, Duncan and Bereswill24). The quantity of TLR stimulants present in each extract is therefore presented as a relative biological activity with respect to Pam3CSK4, LPS or flagellin. For example, results presented as 200 ng BLP-equivalent/g mean that each gram of food contains TLR2 stimulants with a capacity to stimulate TLR2 signalling equal to that of 200 ng Pam3CSK4. Food extracts were measured at 1:10 dilution in Dulbecco's modified Eagle's medium–10 % fetal calf serum in duplicate. If signals exceeded the range of the standard curve, further dilutions were prepared and re-assayed. As transfected cells were sensitive to a minimum of 0·1 ng LPS or Pam3CSK4 per ml, the minimum concentration of foodborne PAMP detectable by the assay was 10 ng PAMP per g food.

 Pathogen-associated molecular pattern treatments
 To determine whether the biological activities of LPS, lipopeptide or flagellin may be altered by typical cooking times and temperatures, solutions of E. coli LPS, Pam3CSK4 or S. typhimurium flagellin (100 ng/ml) were prepared in normal saline. Samples were then maintained at 100°C for 1–120 min, before cooling, diluting 1:10 in Dulbecco's modified Eagle's medium–10 % fetal calf serum and applying to HEK-293 cells transfected with TLR2, TLR4/MD2 or TLR5 for measurement of the capacity to induce TLR signalling as described earlier. Alternatively, aliquots of each PAMP were adjusted to pH 1·0 for 2 or 3 h by the addition of HCl. Samples were then neutralised by the addition of NaOH solution and applied to TLR-transfected HEK-293 cells as described earlier. As a negative control, parallel samples were supplemented with an equal molarity of NaCl to account for increased salinity of samples due to acid–base neutralisation. In separate experiments, LPS, lipopeptide or flagellin preparations were treated with proteinase-K at 37°C for 1 h at neutral pH, then heated at 80°C for 10 min to inactivate the enzyme before addition to transfected HEK-293 cells. Control samples were also heat treated for 10 min. In some experiments, 10 μg/ml polymyxin-B (Sigma) were added to the samples for 10 min before assay to determine if TLR4 stimulants were of LPS origin.
 In other experiments, monocytes were pretreated with 25 μg/ml oxidised palmitoyl arachidonyl phosphocholine (Sigma) prepared by dry film air oxidation in sterile glass tubes for 72 h and re-suspension in culture medium as described previously(Reference Erridge, Kennedy and Spickett26), before addition of food extracts or 100 ng Pam3CSK4 or LPS per ml. Oxidised palmitoyl arachidonyl phosphocholine was used at 25 μg/ml as this has been shown previously to result in specific inhibition of TLR2 and TLR4 signalling, but not in signalling initiated via other TLR or cytokine receptors(Reference Erridge, Kennedy and Spickett26, Reference Walton, Cole and Yeh27).

 Statistics
 Results were compared by ANOVA using Tukey's or Dunnett's post-test. Differences were considered to be significant at P < 0·05.


 Results
 Stimulation of human monocytes by soluble extracts of common foodstuffs
 The soluble extracts of twenty-seven commonly available foodstuffs were prepared by filter sterilising a homogenate of each foodstuff to exclude intact bacterial cells. Each food product was processed on the same day of purchase, showed no signs of spoilage and was within the advertised ‘use-by’ date. A 1:20 dilution of each sterile-filtered extract was then prepared in the tissue culture medium and applied to human monocytes for 4 h. Although the extracts of most foods did not stimulate TNF-α secretion, the extracts of three minced meats, two cheeses, one ice cream and one chocolate product induced significant secretion of TNF-α relative to cells cultured in the medium alone (P < 0·001, Fig. 1). Similar results were obtained using the monocytes of four different subjects, and also by using the measurement of monocyte secretion of IL-6 (Fig. 1). Murine J774 macrophages also secreted TNF-α in response to treatment with the same extracts that promoted TNF-α secretion from human monocytes, confirming the biological activity of these samples (data not shown).
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Fig. 1 Induction of monocyte cytokine secretion by sterile food extracts. Human primary monocytes were cultured with filter-sterilised food extracts diluted 1:20 in tissue culture medium. Secretion of TNF-α (■) and IL-6 ([image: ]
) was measured at 4 and 18 h, respectively, and is shown as means with their standard errors. ngts, Processed nuggets; FF, purchased from a ‘fast-food’ outlet. ** Mean values were significantly different when compared with medium alone (P < 0·001 by ANOVA with Dunnett's test).



 Quantification of stimulants of Toll-like receptor 2, Toll-like receptor 4 and Toll-like receptor 5 in food extracts
 In order to investigate what factors may be responsible for the ability of some food extracts to promote cytokine secretion by monocytes, while related foods did not, we next quantified the abundance of stimulants of TLR2 and TLR4 in both the soluble (sterile-filtered food extract) and insoluble (heat-killed food extract) fractions of each food extract. These fractions were examined separately as it was considered that PAMP that remain attached to bacteria are unlikely to translocate from the small intestine into the blood. Specifically, it has been shown that while intact bacteria are efficiently excluded from the circulation by intestinal epithelial cell tight junctions, a small fraction of labelled soluble molecules, particularly those with molecular weights < 60 kDa, can translocate from the lumen of the small intestine into the circulation via non-specific uptake mechanisms during the absorptive phase, remaining antigenically intact or biologically active after transport(Reference Hardin, Kimm and Wirasinghe28–Reference Ravin, Rowley and Jenkins30). However, since it remains possible that PAMP that are contained within bacteria may become solubilised to a more readily absorbed form during the digestive process, PAMP were also quantified in the insoluble fraction of each foodstuff.
 In terms of TLR2 stimulants, it was found that most foods did not contain either detectable soluble or insoluble stimulants of TLR2 (Fig. 2). However, three minced meats (two pork and one turkey), one cooked fast-food outlet burger, two cheeses, two ice creams and two chocolate products all contained detectable TLR2 stimulants, with levels ranging from 55 to 588 ng/g in the soluble fraction, and from 80 to 1096 ng/g in the insoluble fraction, as measured in terms of their biological activities relative to the synthetic BLP Pam3CSK4.

[image: ]

 
Fig. 2 Quantification of Toll-like receptor (TLR) 2 stimulants in food extracts. Filter-sterilised food extracts (representing soluble foodborne TLR stimulants) or heat-killed food suspensions (representing insoluble foodborne TLR stimulants) were diluted 1:20 in tissue culture medium and applied to human embryonic kidney-293 cells transfected with NF-κB reporter, CD14 and TLR2. Reporter activity was measured at 18 h and converted to lipopeptide equivalents using standard curves on the same plate using Pam3CSK4 as standard. A typical standard curve for measurement of biological activity relative to Pam3CSK4 is also shown (inset). r 2 0·9688 (293-TLR2). ■, Soluble; [image: ]
, insoluble.


 Next, because the limulus amoebocyte lysate (LAL) assay is readily confounded by common food constituents such as β-glucans(Reference Elin and Wolff31), and generates a false-positive reaction to TLR4 antagonist-type LPS(Reference Erridge, Spickett and Webb32, Reference Rossignol, Lynn and Wittek33), we found that it could not be used to detect TLR4 stimulants in this type of study. To circumvent these problems, expression of the native human receptor for hexa-acyl LPS, TLR4/MD2, was instead used to detect TLR4 stimulants in each of the food samples. Examination of the abundance of TLR4 stimulants using this technique revealed that most food extracts examined contained little or no detectable TLR4 agonist-type molecules. However, the same three minced meats which contained TLR2 stimulants also contained abundant TLR4 stimulants, while one ice cream, one yoghurt and one chocolate product also contained elevated endotoxin concentrations. Levels of TLR4 stimulants in these products ranged from 50 to 1959 ng/g in the soluble fraction, and from 89 to 2667 ng/g in the insoluble fractions, relative to E. coli LPS (Fig. 3).
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Fig. 3 Quantification of Toll-like receptor (TLR) 4 stimulants in food extracts. Filter-sterilised food extracts (representing soluble foodborne TLR stimulants) or heat-killed food suspensions (representing insoluble foodborne TLR stimulants) were diluted 1:20 in tissue culture medium and applied to human embryonic kidney-293 cells transfected with NF-κB reporter, CD14, TLR4 and MD2. Reporter activity was measured at 18 h and converted to LPS-equivalents using standard curves on the same plate using Escherichia coli R1 LPS as standard. A typical standard curve for measurement of biological activity relative to LPS is also shown (inset). r 2 0·9609 (293-TLR4/MD2). ■, Soluble; [image: ]
, insoluble; ngts, processed nuggets; FF, purchased from a ‘fast-food’ outlet.


 Measurement of TLR5 stimulants in each soluble extract revealed that only three samples contained flagellin levels above the limit of detection in this assay (200 ng/g). Specifically, one yoghurt, one ice cream and one chocolate product contained soluble flagellin levels ranging from 240 to 376 ng/g, in terms of comparison to S. typhimurium flagellin standard. Notably, none of the food extracts induced NF-κB activation in HEK-293 cells transfected with CD14 and reporter alone, i.e. without TLR2 or TLR4 transfection, indicating that the food extracts did not possess inherent capacity to stimulate NF-κB signalling in these cells in the absence of TLR2 or TLR4 (data not shown).
 To assess the reproducibility of these findings, three food extracts which were originally found to contain both TLR2 and TLR4 stimulants were subjected to repeat assays on three further occasions. These subsequent assays revealed very similar patterns of TLR stimulants in each foodstuff, with inter-assay CV for concentrations of TLR2 stimulants approximately 27 % and TLR4 stimulants approximately 20 % over three freeze–thaw cycles. This level of variation is typical for cell-based bioassays in which the useful dynamic range of the assay is spread over several orders of magnitude (i.e. from 10 to 10 000 ng/g in this case). Food extracts which were negative for TLR stimulants in the first screen were also negative in subsequent assays, indicating that the results are not due to spontaneous contamination arising during sample processing or measurement (data not shown).

 Capacity of food extracts to stimulate TNF-α secretion is dependent on Toll-like receptor 2 and Toll-like receptor 4
 Monocyte TNF-α secretion was found to correlate with the content of both TLR2 and TLR4 stimulants (r 0·837 and 0·745, respectively, each P < 0·0001) when food products with detectable PAMP levels were compared. To determine if TLR2 and TLR4 stimulants are required for the induction of TNF-α secretion, human monocytes were treated with each foodstuff in the presence or absence of oxidised palmitoyl arachidonyl phosphocholine, a compound that we and others have shown specifically inhibits signalling via TLR2 and TLR4, but not via other TLR or cytokine receptors(Reference Erridge, Kennedy and Spickett26, Reference Walton, Cole and Yeh27). Combined blockade of TLR2 and TLR4 with oxidised palmitoyl arachidonyl phosphocholine completely abrogated TNF-α secretion in response to each stimulant-containing foodstuff (Fig. 4(a)).
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Fig. 4 Effect of inhibition of Toll-like receptor (TLR) 2 and TLR4 on food extract-induced inflammatory signalling. (a) Primary human monocytes were incubated with filter-sterilised food extracts previously established to contain lipopolysaccharide (LPS) and bacterial lipopeptide (BLP) in the presence or absence of 25 μg/ml oxidised palmitoyl arachidonyl phosphocholine (OxPAPC), a specific inhibitor of signalling via TLR2 and TLR4, but not via other TLR. TNF-α secretion was measured at 4 h. (b) Capacity of LPS-containing food extracts to stimulate TLR4 signalling in transfected human embryonic kidney-293 cells was measured in the presence or absence of polymyxin-B (PMB), a specific inhibitor of bioactivity. Means and standard deviations are shown. Mean values were significantly different: ***P < 0·001 (compared by ANOVA with Tukey's test). (a) ■, -OxPAPC; [image: ]
, +OxPAPC. (b) ■, -PMB; [image: ]
, +PMB.


 Next, as it has been suggested that alternative ligands beyond LPS may also be capable of stimulating TLR4-dependent signalling (such as SFA and heat shock proteins(Reference Lee, Zhao and Youn34, Reference Ohashi, Burkart and Flohe35)), we examined the capacity of polymyxin-B to inhibit the TLR4 stimulation induced by sterile-filtered extracts. Polymyxin-B, which is a cationic antibiotic that specifically binds LPS and sequesters it from the receptors of the innate immune system, blocked TLR4 signalling from each of the products examined, suggesting that the TLR4 stimulants in the foodstuffs examined are endotoxins and not other types of molecule (Fig. 4(b)).

 Heat stability of lipopeptide, lipopolysaccharide and flagellin
 To determine whether foodborne lipopeptides, LPS or flagellins may be destroyed by typical cooking temperatures and times, aliquots of Pam3CSK4, E. coli LPS and flagellin boiled in saline at 100°C for up to 2 h were tested for their remaining capacity to stimulate signalling via their respective TLR. The biological activity of Pam3CSK4 was not measurably reduced by heating for up to 2 h (Fig. 5(a)). LPS retained its biological activity up to about 10 min, but further heating led to a modest but significant reduction in biological activity after 30 min (Fig. 5(b)). By contrast, the biological activity of flagellin was almost completely abolished by 1 h (Fig. 5(c)). As the internal temperature of cooking foodstuffs rarely exceeds 100°C due to evaporation of moisture from the food surfaces under most circumstances(Reference Blankenship36), these results suggest that typical cooking times and temperatures are not likely to greatly reduce the biological activity of contaminating LPS or lipopeptides in food products.
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Fig. 5 Thermal stability of lipopeptide, lipopolysaccharide (LPS) and flagellin. 100 ng/ml Pam3CSK4, Escherichia coli LPS or flagellin in PBS were heated at 100°C for 0–120 min. Samples were then cooled and diluted 1:10 in medium, and the induction of NF-κB-sensitive reporter (pELAM) was measured in human embryonic kidney-293 cells transfected with Toll-like receptor (TLR) 2 (a), TLR4/MD-2 (b) or TLR5 (c). Means and standard deviations are shown. Mean values significantly different when compared with untreated pathogen-associated molecular patterns: **P < 0·01 (t = 0, compared by ANOVA with Dunnett's test).



 Resistance of lipopeptide, lipopolysaccharide and flagellin to low pH and protease treatment
 As ingested PAMP must pass through the stomach before entry to the small intestine, we next tested whether lipopeptide, LPS or flagellin may be resistant to low pH or protease treatment. Low pH (followed by neutralisation) did not affect the capacity of BLP to stimulate TLR2, while the activity of LPS was increased by low pH treatment, presumably due to release of lipid-A(Reference Erridge, Bennett-Guerrero and Poxton37). Likewise, low pH increased the biological activity of flagellin, probably due to increased monomerisation, as expected(Reference Ibrahim, Fleet and Lyons38). However, while the biological activities of LPS and lipopeptide were unaffected by protease treatment, proteinase-K abolished the bioactivity of flagellin (Fig. 6).
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Fig. 6 Effects of low pH and protease treatment on biological activities of lipopeptide, lipopolysaccharide (LPS) and flagellin. 100 ng/ml Pam3CSK4 (a), Escherichia coli LPS (b) or flagellin (c) were adjusted to pH 1·0 with HCl for 2 or 3 h, then neutralised with NaOH, or treated with equivalent molarity of NaCl at 37°C. Capacity of each pathogen-associated molecular patterns (PAMP) to signal via Toll-like receptor (TLR) 2, TLR4 or TLR5 was then measured in TLR-transfected human embryonic kidney-293 cells. Alternatively, 100 ng/ml Pam3CSK4 (d), E. coli LPS (e) or flagellin (f) were treated with proteinase-K (PK) at 37°C for 1 h before heat treatment at 80°C for 10 min to neutralise enzyme. Means and standard deviations are shown. Mean values were significantly different: ** P < 0·01 v. PAMP treated with salt only ((a)–(c)) or heat only ((d)–(f)), compared by ANOVA with Dunnett's test.




 Discussion
 A wealth of evidence now exists to suggest that the induction of inflammatory signalling via stimulation of innate immune receptors plays a key role in the development of both atherosclerosis and insulin resistance(Reference Mullick, Tobias and Curtiss12–Reference Himes and Smith19). However, it is not yet clear how nutritional factors may regulate innate immune function or inflammatory signalling(Reference Nappo, Esposito and Cioffi2–Reference Blanco-Colio, Valderrama and Alvarez-Sala4). One possibility, supported by several recent studies, is that fat-induced translocation of small quantities of bacterial endotoxin from the gut into the circulation could play a role in this process(Reference Erridge, Attina and Spickett5–Reference Ghoshal, Witta and Zhong10). To date, it has been assumed that this endotoxin is likely to derive from the endogenous host microflora. However, as the small intestine has recently been identified as the likely site of diet-induced LPS translocation(Reference Ghoshal, Witta and Zhong10), and since the small intestine contains only very low levels of endogenous bacteria (and hence LPS)(Reference Berg11), we tested the hypothesis that common foodstuffs may also contain stimulants of TLR2 or TLR4, since these receptors have been identified as key innate immune mediators involved in metabolic diseases(Reference Mullick, Tobias and Curtiss12–Reference Himes and Smith19).
 The measurement of concentrations of TLR stimulants in food products presented several difficulties. First, as TLR stimulants can be derived from any type of micro-organism, they show an inherently large antigenic and molecular diversity, which precludes the use of traditional ELISA or MS techniques. Next, we found that the most widely used assay for the detection of endotoxins in foodstuffs(Reference Fallowfield and Patterson39–Reference Jay and Margitic42), namely the LAL assay, was not suitable for this type of study for several reasons. First, it is well established that the limulus assay generates a positive reaction to β-glucans which can be common in foodstuffs, thereby potentially generating false-positive results(Reference Elin and Wolff31). Next, work from our own laboratory and those of other workers has shown that several forms of non-enterobacterial lipid-A, which can often be antagonists of TLR4 and LPS signalling in human cells, stimulate a positive reaction in the limulus assay(Reference Erridge, Spickett and Webb32, Reference Rossignol, Lynn and Wittek33). Notably, many environmental and foodborne organisms possess a non-enterobacterial lipid-A structure which does not stimulate human TLR4/MD-2(Reference Erridge, Bennett-Guerrero and Poxton37). Finally, as the LAL assay is insensitive to lipopeptides and flagellins, it cannot be used to quantify these PAMP(Reference Erridge and Samani43). To circumvent these problems, and in order to retain relevance to human PAMP receptor specificity, we quantified foodborne concentrations of TLR stimulants using a recently developed bioassay employing TLR-deficient cells transfected with human TLR2, TLR4/MD-2 or TLR5(Reference Erridge, Duncan and Bereswill24).
 The results from these assays showed that several commonly consumed foods can contain large quantities of both TLR2 and TLR4 stimulants, reaching up to 1·1 μg BLP-equivalent or 2·7 μg LPS-equivalent per gram of food. Although to our knowledge the measurement of TLR2 or TLR5 stimulants in foodstuffs has not been attempted previously, the present findings are supported by earlier demonstrations of high levels of endotoxin in some foodstuffs using the LAL assay. For example, Jay et al. (Reference Jay, Margitic and Shereda41) showed that freshly purchased beef mince can contain up to 7·4 μg LPS/g, and Gehring et al. (Reference Gehring, Spithoven and Schmid40) showed that milk can contain between 1 and 100 ng LPS/ml. However, it should be noted that the LAL-based assays used in these previous studies are likely to have significantly overestimated the genuine TLR4-stimulating potential of foodborne endotoxins, for the reasons outlined earlier(Reference Elin and Wolff31–Reference Rossignol, Lynn and Wittek33).
 It has been proposed that in addition to microbial molecules, several molecules of eukaryotic origin, such as SFA or heat-shock proteins, may also stimulate TLR2 or TLR4 signalling(Reference Lee, Zhao and Youn34, Reference Ohashi, Burkart and Flohe35). However, several lines of evidence suggest that the TLR2 and TLR4 stimulants detected in each foodstuff reflect molecules derived from microbial sources, rather than endogenous food-derived TLR-stimulating molecules. For example, in several cases, very similar foodstuffs (most notably the minced meats) contained abundant TLR2 and TLR4 stimulants, while others of the same food type did not. Polymyxin-B also efficiently inhibited the TLR4 signalling of each positive food extract, suggesting that LPS, and not endogenous food molecules, is the agent responsible for TLR4 signalling in these extracts. Notably, while all of the foodstuffs examined here contained SFA, not all the extracts stimulated TLR signalling, lending further support to our recent demonstration that SFA do not stimulate TLR2 or TLR4 signalling(Reference Erridge and Samani43). These findings therefore suggest that apparently unspoiled foodstuffs may nevertheless contain at some point in their preparation or processing a sufficient microbial load to release TLR2 and TLR4 stimulants into their growth environment. This notion is supported by many previous studies showing that certain commonly consumed foodstuffs can contain a high bacterial load before cooking, such as fresh beef mince which has often been shown to contain approximately 105–107 colony forming units/g(Reference Jay, Margitic and Shereda41). Notably, however, the purpose of the present study was not to examine the microbial quality of each foodstuff, since PAMP biological activity is retained independently of bacterial viability or cooking. Further studies are therefore warranted to establish which types of foodborne micro-organism may represent the dominant contributors to PAMP contaminants in each type of food product.
 Another key question that remains to be addressed in future studies is whether the levels of TLR2 and TLR4 stimulants that we have identified in these foods are of physiological relevance. Previous studies in mice suggest that approximately 0·2 % of orally ingested radiolabelled LPS can be absorbed into the circulation when dietary fat is present to facilitate absorption(Reference Ghoshal, Witta and Zhong10), and such LPS was shown to retain its biological activity after translocation from the gut into the circulation(Reference Yoshino, Sasatomi and Mori44). Remarkably, oral gavage of mice with as little as 39 μg of LPS results in systemic cytokine release(Reference Youngner45), while higher doses of oral LPS re-activated both ovalbumin- and collagen-induced arthritis in mice(Reference Yoshino, Sasatomi and Mori44, Reference Yoshino, Yamaki and Taneda46). If human subjects also absorb 0·2 % of ingested LPS, these findings suggest that a meal containing 100 μg LPS could lead to the absorption of 200 ng LPS. By way of comparison, a bolus injection of 140 ng LPS results in marked systemic inflammation, including IL-6 and TNF-α releases, in healthy human subjects(Reference van Deventer, Buller and ten Cate47, Reference Keller, Moller and Krabbe48). Notably, however, recent studies have established that the amount of LPS absorbed from the intestine may be regulated not only by the presence of dietary fat, but potentially also by other dietary components. For example, while the ingestion of cream induced postprandial endotoxaemia and circulating inflammatory markers in human subjects, ingestion of isoenergetic orange juice or glucose drinks did not(Reference Deopurkar, Ghanim and Friedman8). In contrast to a high-fat high-carbohydrate meal, which was shown to increase endotoxin levels and circulating mononuclear cell expression of TLR2 and TLR4, a meal rich in fibre and fruit did not(Reference Ghanim, Abuaysheh and Sia7). The consumption of orange juice also appeared to reduce the postprandial increases in circulating endotoxin and inflammatory markers induced by a high-fat meal(Reference Ghanim, Sia and Upadhyay9).
 In terms of potential for absorption of dietary lipopeptides, it is interesting to note that BLP has very similar physico-chemical properties to LPS and could therefore also translocate via similar pathways. Indeed, oral administration of synthetic lipopeptides was shown to result in systemic immune responses in mice(Reference Benmohamed, Belkaid and Loing49). Thus, it is tempting to speculate that the occasional ingestion of meals high in LPS and/or BLP could promote transient, mild, systemic inflammatory episodes that predispose subjects to the development of atherosclerosis and insulin resistance. If future studies establish this to be the case, the potential health benefit of modifying food preparation protocols to minimise potential contamination with these agents may merit further investigation.
 In conclusion, the present findings indicate that pro-inflammatory stimulants of TLR2 and TLR4 can be present at levels of potential biological significance in many foodstuffs common to the Western diet. Further studies are warranted to establish whether these contaminants are of pathological relevance in the context of common chronic inflammatory diseases, such as atherosclerosis, insulin resistance and arthritis.
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 Fig. 1 Induction of monocyte cytokine secretion by sterile food extracts. Human primary monocytes were cultured with filter-sterilised food extracts diluted 1:20 in tissue culture medium. Secretion of TNF-α (■) and IL-6 () was measured at 4 and 18 h, respectively, and is shown as means with their standard errors. ngts, Processed nuggets; FF, purchased from a ‘fast-food’ outlet. ** Mean values were significantly different when compared with medium alone (P < 0·001 by ANOVA with Dunnett's test).

 

 


View in content
 [image: Figure 1]

 Fig. 2 Quantification of Toll-like receptor (TLR) 2 stimulants in food extracts. Filter-sterilised food extracts (representing soluble foodborne TLR stimulants) or heat-killed food suspensions (representing insoluble foodborne TLR stimulants) were diluted 1:20 in tissue culture medium and applied to human embryonic kidney-293 cells transfected with NF-κB reporter, CD14 and TLR2. Reporter activity was measured at 18 h and converted to lipopeptide equivalents using standard curves on the same plate using Pam3CSK4 as standard. A typical standard curve for measurement of biological activity relative to Pam3CSK4 is also shown (inset). r2 0·9688 (293-TLR2). ■, Soluble; , insoluble.
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 Fig. 3 Quantification of Toll-like receptor (TLR) 4 stimulants in food extracts. Filter-sterilised food extracts (representing soluble foodborne TLR stimulants) or heat-killed food suspensions (representing insoluble foodborne TLR stimulants) were diluted 1:20 in tissue culture medium and applied to human embryonic kidney-293 cells transfected with NF-κB reporter, CD14, TLR4 and MD2. Reporter activity was measured at 18 h and converted to LPS-equivalents using standard curves on the same plate using Escherichia coli R1 LPS as standard. A typical standard curve for measurement of biological activity relative to LPS is also shown (inset). r2 0·9609 (293-TLR4/MD2). ■, Soluble; , insoluble; ngts, processed nuggets; FF, purchased from a ‘fast-food’ outlet.
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 Fig. 4 Effect of inhibition of Toll-like receptor (TLR) 2 and TLR4 on food extract-induced inflammatory signalling. (a) Primary human monocytes were incubated with filter-sterilised food extracts previously established to contain lipopolysaccharide (LPS) and bacterial lipopeptide (BLP) in the presence or absence of 25 μg/ml oxidised palmitoyl arachidonyl phosphocholine (OxPAPC), a specific inhibitor of signalling via TLR2 and TLR4, but not via other TLR. TNF-α secretion was measured at 4 h. (b) Capacity of LPS-containing food extracts to stimulate TLR4 signalling in transfected human embryonic kidney-293 cells was measured in the presence or absence of polymyxin-B (PMB), a specific inhibitor of bioactivity. Means and standard deviations are shown. Mean values were significantly different: ***P < 0·001 (compared by ANOVA with Tukey's test). (a) ■, -OxPAPC; , +OxPAPC. (b) ■, -PMB; , +PMB.
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 Fig. 5 Thermal stability of lipopeptide, lipopolysaccharide (LPS) and flagellin. 100 ng/ml Pam3CSK4, Escherichia coli LPS or flagellin in PBS were heated at 100°C for 0–120 min. Samples were then cooled and diluted 1:10 in medium, and the induction of NF-κB-sensitive reporter (pELAM) was measured in human embryonic kidney-293 cells transfected with Toll-like receptor (TLR) 2 (a), TLR4/MD-2 (b) or TLR5 (c). Means and standard deviations are shown. Mean values significantly different when compared with untreated pathogen-associated molecular patterns: **P < 0·01 (t = 0, compared by ANOVA with Dunnett's test).
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 Fig. 6 Effects of low pH and protease treatment on biological activities of lipopeptide, lipopolysaccharide (LPS) and flagellin. 100 ng/ml Pam3CSK4 (a), Escherichia coli LPS (b) or flagellin (c) were adjusted to pH 1·0 with HCl for 2 or 3 h, then neutralised with NaOH, or treated with equivalent molarity of NaCl at 37°C. Capacity of each pathogen-associated molecular patterns (PAMP) to signal via Toll-like receptor (TLR) 2, TLR4 or TLR5 was then measured in TLR-transfected human embryonic kidney-293 cells. Alternatively, 100 ng/ml Pam3CSK4 (d), E. coli LPS (e) or flagellin (f) were treated with proteinase-K (PK) at 37°C for 1 h before heat treatment at 80°C for 10 min to neutralise enzyme. Means and standard deviations are shown. Mean values were significantly different: ** P < 0·01 v. PAMP treated with salt only ((a)–(c)) or heat only ((d)–(f)), compared by ANOVA with Dunnett's test.

 

 

         



 
 [image: alt] 
 
 



 You have 
Access
 
 	34
	Cited by


 

   




 Cited by

 
 Loading...


 [image: alt]   


 













Cited by





	


[image: Crossref logo]
34




	


[image: Google Scholar logo]















Crossref Citations




[image: Crossref logo]





This article has been cited by the following publications. This list is generated based on data provided by
Crossref.









Williams, Lynda M.
2012.
Hypothalamic dysfunction in obesity.
Proceedings of the Nutrition Society,
Vol. 71,
Issue. 4,
p.
521.


	CrossRef
	Google Scholar






Nakamura, Yukiko K
and
Omaye, Stanley T
2012.
Metabolic diseases and pro- and prebiotics: Mechanistic insights.
Nutrition & Metabolism,
Vol. 9,
Issue. 1,
p.
60.


	CrossRef
	Google Scholar






Landin-Olsson, Mona
Hillman, Magnus
and
Erlanson-Albertsson, Charlotte
2013.
Is type 1 diabetes a food-induced disease?.
Medical Hypotheses,
Vol. 81,
Issue. 2,
p.
338.


	CrossRef
	Google Scholar






Erbağcı, Ayşe
2013.
Probiotics and Prebiotics in Food, Nutrition and Health.
p.
232.


	CrossRef
	Google Scholar






Yanık, Derya
Erbağcı, Ayşe
and
Göğüş, Fahrettin
2013.
Probiotics and Prebiotics in Food, Nutrition and Health.
p.
132.


	CrossRef
	Google Scholar






Tunis, Matthew C.
and
Marshall, Jean S.
2014.
Toll-Like Receptor 2 as a Regulator of Oral Tolerance in the Gastrointestinal Tract.
Mediators of Inflammation,
Vol. 2014,
Issue. ,
p.
1.


	CrossRef
	Google Scholar






Fritsche, Kevin L
2015.
The Science of Fatty Acids and Inflammation.
Advances in Nutrition,
Vol. 6,
Issue. 3,
p.
293S.


	CrossRef
	Google Scholar






Tunis, M. C.
Dawod, B.
Carson, K. R.
Veinotte, L. L.
and
Marshall, J. S.
2015.
Toll‐like receptor 2 activators modulate oral tolerance in mice.
Clinical & Experimental Allergy,
Vol. 45,
Issue. 11,
p.
1690.


	CrossRef
	Google Scholar






Khalifeh, M.S.
Awaisheh, S.S.
Alameri, O.H.
and
Hananeh, W.M.
2015.
Small intestine mucosal immune system response to high-fat-high-cholesterol dietary supplementation in male rats.
Food and Agricultural Immunology,
Vol. 26,
Issue. 2,
p.
293.


	CrossRef
	Google Scholar






Munford, Robert S
2016.
Endotoxemia—menace, marker, or mistake?.
Journal of Leukocyte Biology,
Vol. 100,
Issue. 4,
p.
687.


	CrossRef
	Google Scholar






Ruiz-Núñez, Begoña
Dijck-Brouwer, D.A. Janneke
and
Muskiet, Frits A.J.
2016.
The relation of saturated fatty acids with low-grade inflammation and cardiovascular disease.
The Journal of Nutritional Biochemistry,
Vol. 36,
Issue. ,
p.
1.


	CrossRef
	Google Scholar






Miles, Fayth L.
Chang, Shen-Chih
Morgenstern, Hal
Tashkin, Donald
Rao, Jian-Yu
Cozen, Wendy
Mack, Thomas
Lu, Qing-Yi
and
Zhang, Zuo-Feng
2016.
Associations of red and processed meat with survival among patients with cancers of the upper aerodigestive tract and lung.
Nutrition Research,
Vol. 36,
Issue. 6,
p.
620.


	CrossRef
	Google Scholar






Zinocker, Marit Kolby
and
Lindseth, Inge
2017.
Nye suksesskriterier for sunn mat.
Norsk tidsskrift for ernæring,
Vol. 15,
Issue. 4,
p.
44.


	CrossRef
	Google Scholar






Hacine-Gherbi, Hêla
Denys, Agnès
Carpentier, Mathieu
Heysen, Arnaud
Duflot, Pierrick
Lanos, Pierre
and
Allain, Fabrice
2017.
Use of Toll-like receptor assays for the detection of bacterial contaminations in icodextrin batches released for peritoneal dialysis.
Toxicology Reports,
Vol. 4,
Issue. ,
p.
566.


	CrossRef
	Google Scholar






Sun, Lucy
Subar, Amy F
Bosire, Claire
Dawsey, Sanford M
Kahle, Lisa L
Zimmerman, Thea P
Abnet, Christian C
Heller, Ruth
Graubard, Barry I
Cook, Michael B
and
Petrick, Jessica L
2017.
Dietary Flavonoid Intake Reduces the Risk of Head and Neck but Not Esophageal or Gastric Cancer in US Men and Women.
The Journal of Nutrition,
Vol. 147,
Issue. 9,
p.
1729.


	CrossRef
	Google Scholar






Qian, Guojun
Jiang, Wei
Zou, Benkun
Feng, Jintao
Cheng, Xiaofang
Gu, Jie
Chu, Tianqing
Niu, Chen
He, Rui
Chu, Yiwei
and
Lu, Mingfang
2018.
LPS inactivation by a host lipase allows lung epithelial cell sensitization for allergic asthma.
Journal of Experimental Medicine,
Vol. 215,
Issue. 9,
p.
2397.


	CrossRef
	Google Scholar






Iwasaki, Mari
Akiba, Yasutada
and
Kaunitz, Jonathan D.
2018.
Duodenal chemosensing.
Current Opinion in Gastroenterology,
Vol. 34,
Issue. 6,
p.
422.


	CrossRef
	Google Scholar






Zinöcker, Marit
and
Lindseth, Inge
2018.
The Western Diet–Microbiome-Host Interaction and Its Role in Metabolic Disease.
Nutrients,
Vol. 10,
Issue. 3,
p.
365.


	CrossRef
	Google Scholar






Faraj, Tola A.
Stover, Cordula
and
Erridge, Clett
2019.
Dietary Toll-Like Receptor Stimulants Promote Hepatic Inflammation and Impair Reverse Cholesterol Transport in Mice via Macrophage-Dependent Interleukin-1 Production.
Frontiers in Immunology,
Vol. 10,
Issue. ,


	CrossRef
	Google Scholar






Aires Machado, Karla Idelça
Roquetto, Aline Rissetti
Moura, Carolina Soares
de Souza Lopes, Aline
Cristianini, Marcelo
and
Amaya-Farfan, Jaime
2019.
Comparative impact of thermal and high isostatic pressure inactivation of gram-negative microorganisms on the endotoxic potential of reconstituted powder milk.
LWT,
Vol. 106,
Issue. ,
p.
78.


	CrossRef
	Google Scholar





Download full list
















Google Scholar Citations

View all Google Scholar citations
for this article.














 

×






	Librarians
	Authors
	Publishing partners
	Agents
	Corporates








	

Additional Information











	Accessibility
	Our blog
	News
	Contact and help
	Cambridge Core legal notices
	Feedback
	Sitemap



Select your country preference



[image: US]
Afghanistan
Aland Islands
Albania
Algeria
American Samoa
Andorra
Angola
Anguilla
Antarctica
Antigua and Barbuda
Argentina
Armenia
Aruba
Australia
Austria
Azerbaijan
Bahamas
Bahrain
Bangladesh
Barbados
Belarus
Belgium
Belize
Benin
Bermuda
Bhutan
Bolivia
Bosnia and Herzegovina
Botswana
Bouvet Island
Brazil
British Indian Ocean Territory
Brunei Darussalam
Bulgaria
Burkina Faso
Burundi
Cambodia
Cameroon
Canada
Cape Verde
Cayman Islands
Central African Republic
Chad
Channel Islands, Isle of Man
Chile
China
Christmas Island
Cocos (Keeling) Islands
Colombia
Comoros
Congo
Congo, The Democratic Republic of the
Cook Islands
Costa Rica
Cote D'Ivoire
Croatia
Cuba
Cyprus
Czech Republic
Denmark
Djibouti
Dominica
Dominican Republic
East Timor
Ecuador
Egypt
El Salvador
Equatorial Guinea
Eritrea
Estonia
Ethiopia
Falkland Islands (Malvinas)
Faroe Islands
Fiji
Finland
France
French Guiana
French Polynesia
French Southern Territories
Gabon
Gambia
Georgia
Germany
Ghana
Gibraltar
Greece
Greenland
Grenada
Guadeloupe
Guam
Guatemala
Guernsey
Guinea
Guinea-bissau
Guyana
Haiti
Heard and Mc Donald Islands
Honduras
Hong Kong
Hungary
Iceland
India
Indonesia
Iran, Islamic Republic of
Iraq
Ireland
Israel
Italy
Jamaica
Japan
Jersey
Jordan
Kazakhstan
Kenya
Kiribati
Korea, Democratic People's Republic of
Korea, Republic of
Kuwait
Kyrgyzstan
Lao People's Democratic Republic
Latvia
Lebanon
Lesotho
Liberia
Libyan Arab Jamahiriya
Liechtenstein
Lithuania
Luxembourg
Macau
Macedonia
Madagascar
Malawi
Malaysia
Maldives
Mali
Malta
Marshall Islands
Martinique
Mauritania
Mauritius
Mayotte
Mexico
Micronesia, Federated States of
Moldova, Republic of
Monaco
Mongolia
Montenegro
Montserrat
Morocco
Mozambique
Myanmar
Namibia
Nauru
Nepal
Netherlands
Netherlands Antilles
New Caledonia
New Zealand
Nicaragua
Niger
Nigeria
Niue
Norfolk Island
Northern Mariana Islands
Norway
Oman
Pakistan
Palau
Palestinian Territory, Occupied
Panama
Papua New Guinea
Paraguay
Peru
Philippines
Pitcairn
Poland
Portugal
Puerto Rico
Qatar
Reunion
Romania
Russian Federation
Rwanda
Saint Kitts and Nevis
Saint Lucia
Saint Vincent and the Grenadines
Samoa
San Marino
Sao Tome and Principe
Saudi Arabia
Senegal
Serbia
Seychelles
Sierra Leone
Singapore
Slovakia
Slovenia
Solomon Islands
Somalia
South Africa
South Georgia and the South Sandwich Islands
Spain
Sri Lanka
St. Helena
St. Pierre and Miquelon
Sudan
Suriname
Svalbard and Jan Mayen Islands
Swaziland
Sweden
Switzerland
Syrian Arab Republic
Taiwan
Tajikistan
Tanzania, United Republic of
Thailand
Togo
Tokelau
Tonga
Trinidad and Tobago
Tunisia
Türkiye
Turkmenistan
Turks and Caicos Islands
Tuvalu
Uganda
Ukraine
United Arab Emirates
United Kingdom
United States
United States Minor Outlying Islands
United States Virgin Islands
Uruguay
Uzbekistan
Vanuatu
Vatican City
Venezuela
Vietnam
Virgin Islands (British)
Wallis and Futuna Islands
Western Sahara
Yemen
Zambia
Zimbabwe









Join us online

	









	









	









	









	


























	

Legal Information










	


[image: Cambridge University Press]






	Rights & Permissions
	Copyright
	Privacy Notice
	Terms of use
	Cookies Policy
	
© Cambridge University Press 2024

	Back to top













	
© Cambridge University Press 2024

	Back to top












































Cancel

Confirm





×





















Save article to Kindle






To save this article to your Kindle, first ensure coreplatform@cambridge.org is added to your Approved Personal Document E-mail List under your Personal Document Settings on the Manage Your Content and Devices page of your Amazon account. Then enter the ‘name’ part of your Kindle email address below.
Find out more about saving to your Kindle.



Note you can select to save to either the @free.kindle.com or @kindle.com variations. ‘@free.kindle.com’ emails are free but can only be saved to your device when it is connected to wi-fi. ‘@kindle.com’ emails can be delivered even when you are not connected to wi-fi, but note that service fees apply.



Find out more about the Kindle Personal Document Service.








The capacity of foodstuffs to induce innate immune activation of human monocytes in vitro is dependent on food content of stimulants of Toll-like receptors 2 and 4








	Volume 105, Issue 1
	
Clett Erridge (a1)

	DOI: https://doi.org/10.1017/S0007114510003004





 








Your Kindle email address




Please provide your Kindle email.



@free.kindle.com
@kindle.com (service fees apply)









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Dropbox







To save this article to your Dropbox account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Dropbox account.
Find out more about saving content to Dropbox.

 





The capacity of foodstuffs to induce innate immune activation of human monocytes in vitro is dependent on food content of stimulants of Toll-like receptors 2 and 4








	Volume 105, Issue 1
	
Clett Erridge (a1)

	DOI: https://doi.org/10.1017/S0007114510003004





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×




Save article to Google Drive







To save this article to your Google Drive account, please select one or more formats and confirm that you agree to abide by our usage policies. If this is the first time you used this feature, you will be asked to authorise Cambridge Core to connect with your Google Drive account.
Find out more about saving content to Google Drive.

 





The capacity of foodstuffs to induce innate immune activation of human monocytes in vitro is dependent on food content of stimulants of Toll-like receptors 2 and 4








	Volume 105, Issue 1
	
Clett Erridge (a1)

	DOI: https://doi.org/10.1017/S0007114510003004





 









Available formats

 PDF

Please select a format to save.

 







By using this service, you agree that you will only keep content for personal use, and will not openly distribute them via Dropbox, Google Drive or other file sharing services
Please confirm that you accept the terms of use.















Cancel




Save














×



×



Reply to:

Submit a response













Title *

Please enter a title for your response.







Contents *


Contents help










Close Contents help









 



- No HTML tags allowed
- Web page URLs will display as text only
- Lines and paragraphs break automatically
- Attachments, images or tables are not permitted




Please enter your response.









Your details









First name *

Please enter your first name.




Last name *

Please enter your last name.




Email *


Email help










Close Email help









 



Your email address will be used in order to notify you when your comment has been reviewed by the moderator and in case the author(s) of the article or the moderator need to contact you directly.




Please enter a valid email address.






Occupation

Please enter your occupation.




Affiliation

Please enter any affiliation.















You have entered the maximum number of contributors






Conflicting interests








Do you have any conflicting interests? *

Conflicting interests help











Close Conflicting interests help









 



Please list any fees and grants from, employment by, consultancy for, shared ownership in or any close relationship with, at any time over the preceding 36 months, any organisation whose interests may be affected by the publication of the response. Please also list any non-financial associations or interests (personal, professional, political, institutional, religious or other) that a reasonable reader would want to know about in relation to the submitted work. This pertains to all the authors of the piece, their spouses or partners.





 Yes


 No




More information *

Please enter details of the conflict of interest or select 'No'.









  Please tick the box to confirm you agree to our Terms of use. *


Please accept terms of use.









  Please tick the box to confirm you agree that your name, comment and conflicts of interest (if accepted) will be visible on the website and your comment may be printed in the journal at the Editor’s discretion. *


Please confirm you agree that your details will be displayed.


















