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Abstract
To determine the expression of components in Toll-like receptors (TLRs)/)Nod-like receptors

(NLRs)/inflammasome/caspase-1/interleukin  pathway, we examined the expression
profiles of those genes by analyzing the data from expression sequence tag cDNA cloning and
sequencing. We made several important findings: (1) Among 11 tissues examined, vascular tissues
and heart express fewer types of TLRs and NLRs than immune and defense tissues including blood,
lymph nodes, thymus and trachea; (2) Brain, lymph nodes and thymus do not express
proinflammatory cytokines IL-1β and IL-18 constitutively, suggesting that these two cytokines need
to be upregulated in the tissues; and (3) Based on the expression data of three characterized
inflammasomes (NALP1, NALP3 and IPAF inflammasome), the examined tissues can be classified
into three tiers: the first tier tissues including brain, placenta, blood and thymus express
inflammasome(s) in constitutive status; the second tier tissues have inflammasome(s) in nearly-ready
expression status (with the requirement of upregulation of one component); the third tier tissues, like
heart and bone marrow, require upregulation of at least two components in order to assemble
functional inflammasomes. Our original model of three-tier expression of inflammasomes would
suggest a new concept of tissues’ inflammation privilege, and provides an insight to the differences
among tissues in initiating acute inflammation in response to stimuli.
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INTRODUCTION
Chronic systemic vascular inflammation is an essential requirement for the progression of
atherosclerotic pathogenesis in patients(1). However, detailed mechanisms underlying
initiation of atherogenic inflammation remain poorly defined. “Traditional” risk factors of
atherosclerosis include hyperlipidemia, high density lipoprotein, cigarette smoking, diabetes,
hypertension and obesity(2). Recent reports from Wang's laboratory among others’ teams
confirmed that hyperhomocysteinemia also acts as an independent factor in accelerating
atherosclerosis, etc(3-7). In addition, our laboratory showed that similar to the suppression of
autoimmune diseases and anti-tumor immune response by CD4+CD25highFoxp3+ regulatory
T cells (Tregs)(8,9), innate immune response-dominant vascular inflammation is also
suppressed by Tregs(10,11). Epidemiological studies suggest that infected bacteria-derived
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endotoxinemia at levels as low as 50 pg/ml constitutes a strong risk factor for the development
of atherosclerosis(12). However, an essential question remains to be addressed is how vascular
cells sense infection and metabolic stress and initiate vascular cell inflammation(11,13).
Continuous improvement of our understanding on atherogenic vascular inflammation will lead
to the development of novel therapeutics for this disease and other inflammatory diseases.

Toll-like receptors (TLRs) belong to the pathogen-associated molecular patterns’ (PAMPs)
receptor families (PAMP-Rs) and are initiators of inflammation driven by exogenous PAMPs
and endogenous sterile tissue insults. TLR-mediated responses cause pathology. For example,
proatherogenic TLR2 responses to unknown endogenous or unknown endemic exogenous
agonists are mediated by non-bone marrow derived cells including vascular cells(13). The
depletion of TLR2 in low density lipoprotein receptor deficient (LDLR−/−) mice, an
atherosclerotic mouse model, led to a significant reduction (50%) of lesion size in both the
aortic sinus and the aorta of mice fed with hypercholesterolemic diet(14). Similarly, the
depletion of TLR4 in apolipoprotein E deficient (ApoE−/−) mice, another atherosclerosis
mouse model, results in significant reduction in atherosclerotic lesion size and macrophages
in lesion(15). These results suggest that TLRs may initiate inflammatory signals by recognizing
atherogenic metabolic risk factors presented in these atherogenic models. In addition to binding
to TLRs, some PAMPs are also recognized by a family of cytosolic nucleotide binding and
oligomerization domain (NOD)-like receptors (NLRs)(16), another groups of PAMP-Rs. Some
NLRs are involved in the recognition of microbial molecules and/or endogenous factors
released from tissue destruction. This recognition can lead to activation of caspase-1 (a
proinflammatory caspase), and subsequent proteolytic conversion of potent proinflammatory
cytokines interleukin-1β (IL-1β) and IL-18 from their precursors pro-IL-1β and pro-IL-18,
respectively. The proteolytic conversion of IL-1β and IL-18 is mediated by a cytosolic caspase
1-activating protein complex, termed as inflammasome(17).

Due to the functional significance of PAMP-Rs in bridging pro-atherogenic risk factors to the
initiation of vascular inflammation, the tissue expressions and their regulatory mechanisms of
PAMP-Rs become very important. As an aspect of the regulation of TLR function, the
expression of TLRs is upregulated in response to peptidoglycan and lipopolysaccharide (LPS)
priming, suggesting that the expression of TLRs is under regulation of their responses to stimuli
via poorly defined mechanisms(18). However, the expression profiles of these newly identified
TLRs, NLRs, inflammasome components, caspases, and IL-1β in vascular tissues have not
been examined thoroughly. In this study, we examined the hypothesis that these PAMP-Rs and
inflammation signal sensing molecules have differential expression patterns in vascular and
other tissues. Our results indicate the functional differences of PAMP-Rs in sensing PAMPs
in the tissues and the differences in assembling inflammasomes.

MATERIALS AND METHODS
1. Tissue expression profiles of genes encoding PAMP-Rs, inflammasome components,
proinflammatory caspases and proinflammatory cytokines

An experimental data mining strategy was adopted to analyze the expression profiles of mRNA
transcripts of TLRs, NLRs, inflammasome components, inflammatory caspases,
proinflammatory cytokines IL-1β and IL-18 in vasculature-related tissues by mining human
expression sequence tag (EST) database (Fig. 1)(19), which resulted from cDNA cloning from
various tissue cDNA libraries and DNA sequencing followed by sequence analysese and
deposited in the National Institutes of Health (NIH)/National Center of Biotechnology
Information (NCBI) Unigene (http://www.ncbi.nlm.nih.gov/sites/entrez?db=unigene)(20).
The arbitrary units of the gene expression were calculated by normalizing the transcripts per
million of gene of interest with that of house-keeping gene β-actin in any given tissue. The
confidential intervals of the expression variation of house-keeping genes were generated by
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calculating the mean and 2 times the standard deviation of the arbitrary units of three randomly
selected house-keeping genes normalized by β-actin in given tissues (legend of Fig. 22). If the
expression variation of a given gene in various tissues was larger than the upper limit of the
confidential intervals (the mean plus 2 times the standard deviations) of the house-keeping
genes, the high expression levels of genes in the tissues were statistically significant. Any given
gene transcript, if lower than one per million, was technically presented as no expression.

2. Expression profile of genes in response to stimulus with proinflammatory cytokine
To examine gene expression data set in response to stimulation with inflammatory cytokine,
we analyzed the data set in the NCBI/Gene expression omnibus (GEO) data sets [(GDS)
accession numbers: GDS1542 and GDS1543]. The data were collected in analyzing human
umbilical vein endothelial cells (HUVEC) stimulated with tumor necrosis factor-alpha (TNF-
α) for five hours(21).

RESULTS
1. PAMP-Rs are differentially expressed in tissues

To determine the expression of PAMP-Rs’ gene transcripts in human tissues, we adopted a
database mining method. The copy number per million transcripts was calculated based on the
experimental data of expression sequence tag (EST) cDNA cloning and sequencing that were
deposited in the NCBI UniGene database. In addition, since the gene expression data were
normalized by the same β-actin expression data, the arbitrary units of gene expression (Fig.
2A, left Y-axis) were comparable among genes.

We first examined the expression of 10 human TLR gene transcripts in 11 tissues, including
blood, bone marrow, vascular, heart, brain, lymph nodes, pancreas, placenta, spleen, thymus
and trachea (this order of tissues was applied in the X-axis of all the gene expression sub-
figures in Fig. 2). In Fig. 2B, the expression levels of TLR1, TLR3, TLR4, TLR9, and TLR10
(> 0.09 arbitrary units, the left axis) were higher than those of other TLRs in the tissues
examined. The expression levels of TLRs in tissues were different (p<0.05), in the scale as
much as 25 folds (TLR4 in thymus). As shown in Table 1, tissues had different TLR expression.
Lymphoid system, lymph nodes, spleen and thymus, peripheral blood, trachea, placenta, and
brain expressed more types of TLRs than that of internal tissues including vascular system,
bone marrow and heart, suggesting the sensing function of TLRs in these defense tissues for
exogenous and endogenous PAMPs. These results correlate with previous report that
endothelial cells of normal artery constitutively express low levels of at least nine TLRs(22).
The correlation of the results obtained by experimental data mining here with previous report
suggests that the results from this data mining analysis are informative of the gene expression.

We also determined the expression of 18 NLR gene transcripts in the tissues. In Fig. 2C, the
expression levels of NOD4, NALP1, NALP2 (>0.09 arbitrary units), were higher than those
of other NLRs in the tissues examined. The expression levels of NLRs in tissues were different
(p<0.05) in the scale as much as 15 folds (NOD3, NALP1 and NALP2). Lymph nodes and
trachea were found to have the highest expression levels of NALP1 , which correlate well with
Kummer et al report(23). Bone marrow and thymus had the highest expression levels of
NALP3, which suggests the potential roles of NALP3 in triggering innate immune responses
in guarding important adaptive immunity developing organs if other components of NALP3
inflammasome are available. As shown in Table 2, tissues had different NLR expression.
Similar to the expression of TLRs, lymphoid system, lymph nodes, spleen and thymus,
peripheral blood, trachea, placenta, and brain expressed more NLRs than internal tissues
including vascular system, bone marrow and heart, suggesting the sensing function of NLRs
in these defense tissues for exogenous and endogenous PAMPs. In addition, many more types
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of NLR than TLR were expressed in bone marrow, suggesting the functional importance of
NLRs in this tissue. Furthermore, vascular tissue and heart disproportionally expressed fewer
types TLRs and NLRs than other tissues, suggesting a relative “inflammation privilege” of
these tissues against potential destruction mediated by inflammation and innate immune
responses.

We then determined the expression of four inflammatory caspases (caspase-1, caspase-4,
caspase-5, and caspase-12) (Fig. 2E)(24), three caspase-1 cleavable inflammatory cytokines
(IL-1β, IL-18, and IL-33)(Fig. 2F), inflammasome components (PYCARD (ASC) and cardinal,
and an inflammasome regulator COP1) (Fig. 2D). In Fig. 2E, the expression levels of caspase-1,
caspase-4 and caspase-5 (>0.02 arbitrary units) were higher than that of caspase-12 in the
tissues examined. As shown in Table 3, caspase-1 and caspase-4 were expressed in most of
the tissues examined. The expression levels of caspase-4, caspase-5 and probably caspase-12
in heart were significantly higher than those in other tissues (p<0.05). Of note, the highest
expression of IL-1β was found in vascular whereas highest expressions of IL-18 and IL-33
were found in trachea (Fig. 2F). The cardinal gene was expressed in every tissue examined;
with the highest expression in lymph nodes and trachea. The wide expression of PYCARD
(ASC) was found in blood, vascular, brain, lymph nodes, pancreas, placenta, and trachea, while
an inflammasome regulator COP1 was limitedly expressed in bone marrow, spleen and thymus.

2. Less tissues constitutively express inflammasomes than those tissues in which the
expression of inflammasomes can be induced

A previous report showed that in diseased vessels, the pattern of TLR expression is
characterized by markedly upregulated expression of TLR1, TLR2, TLR4, and TLR6 by
endothelial cells and infiltrated macrophages(25), suggesting PAMP-Rs could be unregulated
in ECs. We examined a hypothesis that inflammasome expression profiles can be used in
categorizing the examined tissues into three tiers. To test the hypothesis, we focused on the
three well characterized inflammasomes(24): NALP1 inflammasome, NALP3 inflammasome
and IPAF inflammasome. The rationale to focus on three inflammasomes IPAF, NALP1 and
NALP3 was that the putative function of the majority of the 21 human NLRs and NLR-related
genes in activating caspase-1 has not been confirmed except for those three(26). NALP1
inflammasome consists of four components, NALP1, PYCARD (ASC)(27), caspase-1 and
caspase-5, and functions as primary mediator of susceptibility to anthrax lethal toxin(28);
NALP3 inflammasome consists of three components, NALP3, PYCARD and caspase-1, and
can sense various stimuli including anti-viral compounds R837 and R848, bacterial mRNA,
gout-associated crystals, bacterial toxins derived from Listeria M., staphylococcus A. and
shigella F, etc(29); IPAF inflammsome consists of three components, IPAF(30), NAIP and
caspase-1 and functions to sense flagellin derived from Legionella P., Salmonella T.,
pseudomonas A. and shigella F(29). Based on the tissue expression profiles of these
components (Table 4), three tiers of tissues can be categorized for these three inflammasomes.
The first tier of tissues with constitutively expressed (“stand-by”) inflammasomes included
brain, blood, placenta and thymus. For the significance, blood, placenta and thymus, are
functionally involved in innate and adaptive immune responses (Fig. 2C). The second tier of
tissues with potentially inducible expression of one inflammasome component included brain,
blood, pancreas, vascular, lymph nodes, placenta, thymus, trachea and spleen. The third tier
of tissues with presumably inducible expression of at least two inflammasome components.
These results suggest that more tissues adopt inducible expression status for inflammasomes.
Of note, some tissues, for example, placenta, constitutively expresses NALP1 inflammasome
but may express inflammasomes NALP3 and IPAF in an inducible manner, which places this
tissue into the classifications. The results may also suggest that different types of
inflammasomes may play various roles in tissues.
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3. The expressions of inflammatory cytokines IL-1β and IL-18 are upregulated by
inflammatory cytokine TNF-α

We then examined a hypothesis that the expressions of some TLRs, NLRs, caspases,
inflammasome components and inflammatory cytokines IL-1β and IL-18 in vascular
endothelial cells are inducible by inflammation stimuli. To test this hypothesis, we analyzed a
gene microarray data set banked in the NCBI-Gene Expression Omnibus (GEO) Repository,
in which the expression levels of these genes in human umbilical vein endothelial cells
(HUVEC) in the absence or presence of TNF-α for 5 hours can be compared. In Table 5, we
calculated the gene expression change index using the expression levels of genes in TNF-α
stimulated HUVEC over the expression levels of genes in unstimulated HUVEC control. As
controls, the expression of house-keeping gene β-actin was not changed with a ration of 1.1,
suggesting that the experiments of RNA sampling and microarray were well performed.
Furthermore, to confirm the capability of TNF-α in activating endothelial cells(11) in this
microarray, the change index of EC activation markers vascular cell adhesion molecule-1
(VCAM1) and intercellular cell adhesion moleculeam-1 (ICAM1) were examined, in Table 5,
and they were upregulated 38.7 folds and 19.4 folds, respectively. The results suggest that the
HUVEC activation by TNF-α was well performed, indicating that the data sets were qualified
for our mining analysis.

The expressions of TLR1, TLR3, TLR6 and TLR7 in HUVEC were upregulated by TNF-α
stimulation by 1.3-, 1.3-, 1.4- and 3.8-folds, respectively, whereas the expressions of TLR2
and TLR5 were not changed (<1.1 of the β-actin change index). In addition, the expression of
NALP1 was slightly upregulated by 1.24-folds whereas the expressions of NALP2 and NALP3
were not upregulated (Table 5). Moreover, the expressions of caspase-1, caspase-4 and
caspase-5 were not upregulated. Interestingly, the expressions of IL-1β and IL-18 were
significantly upregulated by 1.8- and 2.4-folds, respectively, suggesting that the upregulation
of inflammatory cytokine transcripts is an early event in endothelial cells in response to TNF-
α stimulation. Since this data set includes gene expression data before TNF-α stimulation and
5 hours after stimulation, the expression of other genes may possibly be (1) modulated by TNF-
α in the longer stimulation time; (2) mediated by signals derived from other signal pathways;
and (3) cell-type specific signals. Future work is needed to determine the potential induction
of inflammasome components with (a) more cell types of vascular cells including aortic
endothelial cells, microvascular endothelial cells and vascular smooth muscle cells, (b) more
inflammatory stimuli and (c) longer stimulation time.

DISCUSSION
Recent progress in characterization of PAMP-Rs and inflammasomes has further emphasized
the importance of proinflammatory cytokine IL-1β signaling in bridging atherogenic risk
factors to initiate inflammation(31). However, constitutive expression levels and expression
readiness of PAMP-Rs, inflammasome components and proinflammtory caspases in tissues
remained poorly defined. By analyzing cDNA cloning and DNA sequencing data from tissue
cDNA libraries, we studied expression profiles of TLRs, NLRs, inflammasome components,
inflammatory caspases, and caspase-1 cleavable inflammatory cytokines. Since this data is
collected from cDNA cloning and DNA sequencing experiments, rather than theoretical data
derived from computer modeling, the data require no further experimental verification. Since
EST databases have been established based on precise DNA sequencing data, the data obtained
by EST database mining are more precise in providing the tissue expression profiles of genes
than traditional hybridization- and primer annealing-based approaches like Northern blots and
RT-PCRs.

Upregulation of some inflammasome components and TLRs in HUVECs stimulated by TNF-
α is just one example to show that, in principle, the upregulation of inflammasome related gene
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expression is modulated potentially by inflammatory signals. Previous reports supported this
finding and showed that several pathological conditions and signaling pathways modulate

expression of TLRs/NLRs/inflammasome/caspase-1/IL-  pathway. First, systemic levels of
TLR2 and TLR4 are higher in acute myocardial infarction patients than in stable angina patients
and controls showing normal coronary angiogram(32). However, our results showed that TLR2
and TLR4 expressions were lower in vascular tissues and heart than in other tissues. Taken
together, our and other results suggest that (1) acute myocardial infarction-induced stress may
upregulate TLR2 and TLR4 expressions in vascular tissues and heart; (2) stimulation via
upregulated TLR2 and TLR4 are associated with progress of myocardial infarction; Second,
murine endothelial cells express membrane TLR2 and respond to TLR2 ligands, but human
endothelial cells normally will not respond unless they are first primed with inflammatory
stimulation, which triggers translocation of TLR2 to the cell surface(33). In addition to the
posttranslational regulatory manner, our results showed that TLR2 expression in vascular
tissues is low, suggesting potential upregulation of TLR2 via a transcription manner in the
tissues; Third, PYCARD (ASC) is upregulated by various inflammatory cytokines including
IL-1β, interferon-γ (IFN-γ), TNF-α, lipopolysaccharide (LPS) and Fas ligand (34). The
upregulated expression of the NALP3 inflammasome, due to gene polymorphisms, is
associated with interleukin-1β production and severe inflammation(35). Of note, upregulation
of TLRs, NLRs, caspases and inflammasome components may not share the same pathways.
Endothelial cells after exposure to carbon monoxide, a ubiquitous environmental pollutant,
undergo cell death with the characteristics of activation of caspase-1 but not caspase-3 (36)
probably via endogenous p53 pathway(37). Unlike caspase-1, the expression of caspase-11 is
LPS-inducible, and thus, it is reasonable to postulate that other members of the family are
regulated at the transcriptional or translational level by extracellular stimuli (24).

After analyzing the data from EST cDNA cloning and sequencing we have made several
important findings: (1) Among 11 tissues examined, vascular tissues and heart express fewer
types of TLRs and NLRs than immune system tissues including blood, lymph nodes, thymus
and trachea; (2) Brain, lymph nodes and thymus do not express proinflammatory cytokines
IL-1β and IL-18 constitutively, suggesting that these two cytokines need to be upregulated in
response to inflammatory stimuli in the tissues; and (3) based on the expression data of three
characterized inflammasomes (NALP1, NALP3 and IPAF inflammasomes), the examined
tissues can be classified into three tiers: the first tier tissues including brain, placenta, blood
and thymus express inflammasome(s) in constitutive status; the second tier tissues have
inflammasome(s) in nearly-ready expression status (with the requirement of upregulation of
one component); the third tier tissues like heart and bone marrow, require upregulation of at
least two components in order to assemble functional inflammasomes. Based on the expression
readiness of inflammasomes in tissues, we propose a new working model of three-tier
responsive expression of inflammasomes in tissues and suggest a new concept of third tier
tissues’ inflammation privilege, which provides an insight on the differences of tissues in
initiating acute inflammations (Fig. 3). This model suggests that (a) the first-tier tissues with
constitutively expressed inflammasomes initiate inflammation quicker than the second-tier and
third-tier tissues; and (b) the second tier tissues (requiring one component upregulation)
including vascular tissue and the third tier tissues including heart (requiring more than one
component upregulation) are in an inducible expression status of inflammasomes. The
inducible expressions of inflammasomes are presumably mediated through various signal
pathways and the interplay between the signal pathways, which take longer time and overcome
a higher threshold than the first tier tissue in initiating inflammation. Traditional concept of
immune privilege suggests a protective mechanism from autoimmune destruction based on no
expression of antigen-presenting self-major compatibility complex (MHC) molecules in
tissues(38). No expression of self-MHCs in immune privilege tissues including testis results
in failing in presenting self-antigens from these tissues to stimulate host immune system,
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thereby protecting immune privilege tissues from autoimmune destruction. Similarly, we
propose a new concept of tissues’ inflammation privilege that emphasizes a protective
mechanism against tissue destruction mediated by inflammasome/IL-1β-based innate immune
responses. In this new concept of tissues’ inflammation privilege, vascular tissue and heart
disproportionally express fewer types of TLRs and NLRs and may only inducibly express
inflammasomes, which can be explained by this “inflammation privilege” of the tissue against
uncontrolled inflammation destruction mediated by inflammasome-based innate immune
responses(39). Our new concept and model may also explain the potential differences between
cardiovascular tissues and other tissues in initiation of acute inflammation. The first-tier tissues
may have higher probability to have acute inflammation than the second-tier and third-tier
tissues. Future work is required to elucidate the specific roles of different tiers of tissue
inflammasomes in vascular inflammation and atherogenesis and the regulatory signal
pathways.
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Fig. 1.
The flow chart of database mining analysis of gene expression profiles using NCBI/UniGene
database.
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Fig. 2. The gene expression profiles of TLRs, NLRs, other inflammasome components,
proinflammatory caspases and caspase-1 cleaved cytokines
A. Data presenting format. As an example, the gene expression profiles of house-keeping gene
Rho GDP dissociation inhibitor (GDI) alpha in the eleven tissues including vascular tissue,
blood, heart, trachea and immune system tissues are presented, with the tissue names shown
in the bottom of the figure. The gene expression data were normalized by the β-actin expression
data from the same tissue, which are presented in the left Y-axis. The expression ratios among
tissues were generated by normalizing the arbitrary units of the gene in the tissue with the
median levels of the arbitrary units of the gene in all the tissues, which are presented in the
right Y-axis. In order to define confidential intervals for statistically higher expression levels
of given genes, we calculated the confidential intervals of tissue expression [the mean X + 2
× standard deviations (SD) = 2.62] for three common house keeping genes including Rho GDP
dissociation inhibitor alpha (ARHGDIA, Hs.159161), glyceraldehyde-3-phosphate
dehydrogenase (GAPDH, Hs.544577) and ribosomal protein S27a (RPS27A, Hs.311640). The
expression variations of given genes in tissues, when they were larger than 2.62 folds, were
defined as the high expression levels with statistical significance (the right Y-axis). B. The
expression profiles of TLRs. The X-axis indicates the eleven tissues including vascular tissue,
blood, heart, trachea and immune system tissues with the order the same as that shown in Fig.
2A. C. The expression profiles of NLRs. The X-axis indicates the eleven tissues including
vascular tissue, blood, heart, trachea and immune system tissues with the order the same as
that shown in Fig. 2A. D. The expression profiles of other inflammasome components. The X-
axis indicates the eleven tissues including vascular tissue, blood, heart, trachea and immune
system tissues with the order the same as that shown in Fig. 2A. E. The expression profiles of
proinflammatory caspases. The X-axis indicates the eleven tissues including vascular tissue,
blood, heart, trachea and immune system tissues with the order the same as that shown in Fig.
2A. The follows are the human gene ID numbers in the NCBI/UniGene database: β-actin, Hs.
520640; TLR1, Hs.654532; TLR2, Hs.519033; TLR3, Hs.657724; TLR4, Hs.174312; TLR5,
Hs.604542; TLR6, Hs.662185; TLR7, Hs.659215; TLR8, Hs.660543; TLR9, Hs.87968;
TLR10, Hs.120551; NOD1, Hs.405153; NOD2, Hs.592072; NOD3 (NLRC3), Hs.592091;
NOD4 (NLRC5), Hs.528836; NALP1 (NLRP1), Hs. 652273; NALP2 (NLRP2), Hs.369279;
NALP3 (NLRP3), Hs.159483; NALP4 (NLRP4), Hs.631533; NALP5 (NLRP5), Hs.356872
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(no expression data available in the tissues examined); NALP6 (NLRP6), Hs.352611; NALP7
(NLRP7), Hs.351118; NALP8 (NLRP8), Hs.446925 (no tissue expression data available);
NALP9 (NLRP9), Hs.661568; NALP10 (NLRP10), HS.449636; NALP11 (NLRP11), Hs.
375039; NALP12 (NLRP12), Hs.631573; NALP13 (NLRP13), Hs.446924 (no tissue
expression data available); NALP14 (NLRP14), Hs.449637; NAIP, Hs.654500; IPAF
(NLRC4), Hs.574741; Cardinal (CARD8), Hs.446146; COP1 (CARD16), Hs.348365;
PYCARD (ASC), Hs.499094; Caspase-1 (CAS1), Hs.2490; Caspase-4 (CAS4), Hs.138378;
Caspase-5 (CAS5), Hs.213327; Caspase-12 (CAS12), Hs.476989; IL-1β, Hs.126256; IL-18,
Hs.83077; and IL-33, Hs.348390.
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Fig. 3. The schematic representation of a working model of three-tier expression of inflammasomes
in response to danger signals in tissues
The two inflammasomes NALP1 and NALP3 are presented as examples. The NALP3
inflammasome component Cardinal is constitutively expressed in the tissues examined so
Cardinal is not included in the list of potentially upregulated genes.
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Table 1

TLRs are differentially expressed in human tissues

Tissue Protein

1. Blood TLR1, TLR2, TLR4, TLR6, TLR8, TLR9, TLR10

2. Bone marrow TLR2, TLR4

3. Vascular TLR1, TLR4, TLR8

4. Heart TLR2

5. Brain TLR1, TLR2, TLR3, TLR4, TLR5, TLR7, TLR8, TLR10

6. Lymph nodes TLR1, TLR6, TLR7, TLR9, TLR10

7. Pancreas TLR3, TLR5, TLR7

8. Placenta TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8

9. Spleen TLR1, TLR3, TLR4, TLR8, TLR10

10. Thymus TLR1, TLR2, TLR3, TLR4, TLR6, TLR8, TLR9

11. Trachea TLR1, TLR2, TLR3, TLR4, TLR5, TLR8, TLR9, TLR10
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Table 2

NLRs are differentially expressed in human tissues

Tissue Protein

1. Blood NOD1, NOD2, NOD4, NALP1, NALP2, NALP3, NALP4, NALP6, NALP7, NALP12, NAIP,
IPAF

2. Bone marrow NOD1, NOD4, NALP1, NALP3, NALP12, IPAF, NOD1, NALP14

3. Vascular

4. Heart NOD2, NOD4, NALP2

5. Brain NOD1, NOD3, NOD4, NALP1, NALP2, NALP3, NALP11, NALP14 , NAIP

6. Lymph nodes NOD1, NOD3, NOD4, NALP1, NALP2, NALP4, NALP9, NAIP

7. Pancreas NOD1, NOD4, NALP1, NALP2, NALP3 , IPAF , NAIP

8. Placenta NOD1, NOD2, NOD3, NOD4, NALP1, NALP2, NALP4, NALP7, NALP10, NALP12, NAIP

9. Spleen NOD1, NOD2, NOD3,NOD4, NALP1, NALP12, NAIP

10. Thymus NOD1, NOD3, NOD4, NALP1, NALP2, NALP3, NALP6, IPAF,NAIP

11. Trachea NOD4, NALP1, NALP2, NALP6, NALP14
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Table 3

Inflammatory caspases, IL-1β, IL-18, IL-33, PYCARD and COP1 are differentially expressed in human tissues

Tissue Protein

1. Blood CAS1, CAS4, PYCARD, IL-1β, Cardinal

2. Bone marrow CAS4, IL-1β, IL-18, COP1, Cardinal

3. Vascular CAS1, CAS4, PYCARD, IL-1β, IL-33, Cardinal

4. Heart CAS1, CAS4, CAS5, CAS12, IL-18, IL-33, Cardinal

5. Brain CAS1, CAS4, CAS5, PYCARD, IL-33, Cardinal

6. Lymph nodes CAS1, CAS4, PYCARD, Cardinal

7. Pancreas CAS4, CAS5, PYCARD, IL-1β, IL-18, IL-33, Cardinal

8. Placenta CAS1, CAS4, CAS5, PYCARD, IL-18, IL-33, Cardinal

9. Spleen CAS1, CAS4, IL-1β, IL-33, COP1,Cardinal

10. Thymus CAS1, CAS4, IL-33, COP1,Cardinal

11. Trachea CAS1, CAS4, PYCARD, IL-18, IL-33, Cardinal
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Table 4

The three tier expression status of inflammasome types in tissues

Inflammasome type Tissue

First tier (“ready to go” expression status with all components)

    NALP1 inflammasome (NALP1, PYCARD, caspase-1 and
caspase-5)

Brain, placenta

    NALP3 inflammasome (NALP3, PYCARD and caspase-1,
Cardinal )

Blood, brain

    IPAF inflammasome (IPAF, NAIP, caspase-1) Blood, Thymus

Second tier (nearly-ready expression status that requires one component missing)

    NALP1 inflammasome Blood, pancreas, placenta, trachea

    NALP3 inflammasome Vascular, lymph nodes, pancreas, placenta, thymus,
trachea

    IPAF inflammasome Brain, lymph node, pancreas, placenta, spleen

Third tier (expression status that requires upregulation of more than one components)

    NALP1 inflammasome Bone marrow, vascular, heart, spleen, thymus

    NALP3 inflammasome Bone marrow, heart, spleen, trachea

    IPAF inflammasome Bone marrow, vascular, heart, placenta, trachea
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Table 5

The expressions of TLRs, NLRs, caspases, IL-1β, IL-18 in HUVECs are modulated by inflammatory cytokine
TNF-α

Gene NCBI No. Change folds

    TLR1 AL050262 1.27

    TLR2 NM_003264 0.93

    TLR3 NM_003265 1.34

    TLR5 AF051151 1.11

    TLR6 NM_006068 1.43

    TLR7 NM_016562 3.81

    NALP1 NM_021730 1.24

    NALP2 AF298547 0.57

    NALP3 NM_004895 0.89

    Caspase-1 U13698 1.02

    Caspase-4 U25804 1.14

    Caspase-5 NM_004347 0.57

    IL-1β NM_000576 1.83

    IL-18 NM_001562 2.37

House-keeping gene control

    β-actin NM_001101 1.10

EC activation control

    VCAM1 NM_001078 38.71

    ICAM1 NM_000201 19.44

# Change folds= the expression levels of gene in TNF-α-stimulated HUVEC over the expression levels of gene in unstimulated HUVEC control
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