
Introduction

Inflammation is the body’s basic immune response to
invasion of bacteria or viruses, and various other noxae; it
is a protective mechanism to control damage, clean up the
inducing agent and facilitate tissues reparation, followed by
elimination of the inflammatory cells.

It would be wrong to equate infection and inflamma-
tion. There exist infectious diseases without inflammation,
e.g., Creutzfeldt-Jacob disease, yellow fever, or opportunis-
tic infections in AIDS. Non-infectious events that produce
inflammation include trauma, radiation, physical or immu-
nologic injury, tissue necrosis (except apoptosis), various
poisonings, chemical or thermal burns, hypoxia, or reaction
to one’s own tissues. Within limits, inflammation is not it-
self a disease, but the process must be properly coordinated
or phased, since any deficiencies or excess of the inflam-
matory response may result in a series of chain reactions
causing morbidity and shortening lifespan (29,41,42).

Almost every common disease involves an inflamma-
tion component. Chronic inflammation, affecting millions
of people, in particular in the ageing, results in immuno-

pathological changes that play a key role in the onset of de-
generative diseases such as atherosclerosis, heart disease,
chronic hepatitis, systemic lupus erythematosus, or rheu-
matoid arthritis, asthma, chronic inflammatory bowel di-
sease, multiple sclerosis, Alzheimer’s disease (AD), and also
obesity and diabetes; it is even a major pathogenic factor
for cancer (1,21,22).

Various triggering conditions have been shown to acti-
vate inflammatory cells and induce a release of pro-in-
flammatory cytokines (interleukin (IL)-1, IL-17 and IL-18,
tumor necrosis factor (TNF), and receptor activator of
nuclear factor kappa-B ligand) from leukocytes, monocytes,
and macrophages. This implies receptor aggregation, and
subsequent activation of the nuclear factor kappa-B (NF-
κB) and the three major intracellular signaling pathways
ERK, JNK and p38 MAPK (extracellular signal-regulated
kinases, c-Jun N-terminal kinases, and p38 mitogen-activa-
ted protein kinases, respectively) (16,40). An attribute of in-
flammation is a profound change in the gene expression of
a large number of inflammatory proteins. Here various cyto-
kines belong, including chemokines, cellular adhesion mole-
cules, selectins, integrins, and metabolic enzymes (NADPH
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oxidase, phospholipase A2 (PLA2), cyclo-oxygenase-2, 5-li-
poxygenase, inducible nitric oxide synthase, etc), which in-
crease oxygen consumption and producing many oxygen-free
radicals (36).

The etiology of many chronic inflammatory conditions
is largely unknown. In fact, only a subset of patients deve-
lops inflammation, suggesting the presence of some contri-
buting factors which may influence its onset: apart from the
specific immune reactions that drive disease development,
the environment also plays a role (diet, exposure to toxins,
germs, pollutants, and inhalants), and so does genetics.

However, it is not clear to what extent genetic altera-
tions interact with environmental variables to influence sus-
ceptibility to inflammation, or what the factors determining
resolution and repair versus persistence and progression of
inflammation are. Furthermore, there is little understanding
of genetic factors that regulate compartmentalization of in-
flammation in one case, and engender a systemic response
in another (27).

Inflammation-associated genes

Various genes are involved in inflammation; inflamma-
tory stimuli signal to the nucleus to induce changes in the
expression of a large number of genes whose protein pro-
ducts ultimately determine the outcome of inflammation.

Many clusters of genes studied represent expression
profiles that correlate with the onset of inflammation and
they are thus considered inflammation-associated genes.
Some of the clusters contain genes that are not expressed
physiologically (“early”, or “late” inflammatory clusters),
others contain genes that are commonly expressed at early
stages of repair (“inflammation-maintained” clusters). In-
flammation-associated genes and polypeptides encoded by
those genes are either involved in the initiation and regula-
tion of the inflammatory process (important pro-inflam-
matory IL-l, IL-6, IL-8, TNF and lipoteichoic acid), operate
more distally in the cascade of inflammation (corticotro-
phin releasing hormone), or they may modify the process
(C-reactive protein and protein C) (7).

An effective immune system requires rapid and appro-
priate activation of inflammatory mechanisms, but also
equally rapid and effective resolution of the inflammatory
state. Repressors of this process, called inflammation sup-
pressor genes (e.g. those encoding IL-l0, IL-4, and IL-13 cy-
tokines) are also induced at each step of the activation.
They represent proteins characterized by their induction as
a response to the pathogen, typically late in the macrophage
activation program; they include a class of proteins derived
from alternate splicing of common signaling components.

Despite the many anti-inflammatory mechanisms avail-
able, there still exist a much larger number of genes impli-
cated in chronic inflammatory diseases, which testifies to
the unsteadiness of the whole system (34,45).

Pro-inflammatory genes are commonly balanced by ge-
nes with an anti-inflammatory effect, thus constituting spe-

cial pairs (e.g., IL-1β versus decoy receptors; xanthine oxi-
dase versus superoxide dismutase; Ca2+-dependent PLA2
versus Ca2+-independent PLA2). Disregulation in the ex-
pression of pro- and anti-inflammatory genes is one of the
milestones in inflammation development and progression.

Inflammation may be controlled by inhibiting many as-
pects of the inflammatory process through decreasing the
transcription of inflammatory genes, and increasing the
transcription of anti-inflammatory genes (13,37).

Gene mutations and polymorphism

Mutations and gene polymorphisms are contributing
factors in the pathogenesis of inflammation. A mutation is
defined as any change in a DNA sequence away from nor-
mal, implying that a normal allele is prevalent in the popu-
lation, and that the mutation changes this to a rare and
abnormal form. Gene polymorphism means a variation in
the DNA that is too common to be due merely to new mu-
tation. Single nucleotide polymorphisms (SNPs, the most
common genome sequence variation) occur when single
base adenine (A), thymine (T), guanine (G), and cytosine
(C) substitutions involving nucleotides, building blocks of
DNA, are replaced with others: e.g. A is replace with T;
A→T. Many SNPs are normal variations in the genome.
Others are responsible for disease, and may affect how a per-
son reacts to bacteria, viruses, drugs, and other substances.

Many studies have focused on mutations and polymor-
phisms that alter the primary sequence of proteins, resulting
in functional variation (qualitative changes). However, af-
fection of the steady-state level of mRNA molecules of
a gene in a given cell (quantitative changes in gene expres-
sion) might also provide a significant source of variation
(19). Interethnic and interindividual variability in the gene
expression should also be considered. Recent reports indi-
cate that the amount of copies of a particular gene (copy
number variations, CNVs) contribute to nucleotide diversi-
ty, and possibly to genetic diseases, to a larger extent than
SNPs (12).

Gene polymorphisms related to inflammatory markers
(TNF, surfactant proteins, and Il-6), angiotensin converting
enzyme, or pathogen receptors (monocyte differentiation
surface antigen CD14, and the Toll-like, trans-membrane
protein receptors) appear to correlate with the incidence
and/or outcome of serious inflammatory events. This could
have far-reaching implications due to its underlying role in
serious chronic diseases (2,30,33).

Recent discoveries

In recent years, some new genes have been identified as
associated with inflammation.

HLA-B27 associated inflammations

The HLA genes encoded for by the loci on chromoso-
me 6 (representing 6 % of the human genome) are involved
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in antigen presentation. They are the most variable human
genes, showing various polymorphic forms, one of which is
the antigen B27 (the human major histocompatibility com-
plex, MHC, located 6p21.3), a member of HLA-B group of
cell surface molecules involved in immunity. Up to 20 % of
carriers have at least one of several associated conditions,
including spondyloarthropathies, ankylosing spondylitis
(Marie-Strumpell disease), inflammatory bowel disease, or
isolated acute anterior uveitis (up to 50 % of patients with
the latter disease are HLA-B27 positive). The antigen is not
causative however, and about 10 % of normal subjects are
B27-positive. Thus, since the association between HLA-B27
and disease is not absolute, other genes (non-B27 MHC ge-
nes, MHC-related genes, MHC genes involved in antigen
processing and transplant, etc.) are likely to contribute to
the susceptibility to those diseases (28,43). Furthermore,
HLA-B27 shares homology with a Klebsiella protein and
may imply a bacterial pathogenesis (e.g. to ankylosing spon-
dylitis) (24).

Genes and blindness in the elderly

Age-related macular degeneration is the most frequent
cause of irreversible blindness in the elderly in developed
countries. Genetic variations in the complement regulatory
genes factor H, when combined with a triggering event such
as infection, may underlie the disorder breakout.

The major inhibitor of the alternative complement path-
way factor H (immune response suppressor, encoded by the
gene HF1/CFH on chromosome 1q25–32) and NF-κB
(transcription factor) predispose individuals with a varia-
tion in these genes to age-related macular degeneration
(eight common HF1 SNPs have been found in 74 % of all
patients). In Caucasians, a polymorphism of the C allele of
rs1061170 (Y402H) in factor H was established as a sus-
ceptibility locus for an exudative type of the disease (18,
47).

SEPS1 gene regulates inflammation in man

Specific gene SEPS1 on chromosome 15q26.3 has re-
cently been suggested as a candidate gene for traits related
to inflammation such as diabetes mellitus and coronary
heart disease. The physiological role of the encoded plasma
membrane selenoprotein (SELS, SELENOS) in the endo-
plasmic reticulum is to regulate the red-ox balance and clear
cells of misfolded proteins. Polymorphism in SEPS1 causes
cumulation of these proteins, and under cell stress eventu-
ally leads to inflammation; carriers have higher IL-1β, IL-
6, IL-l0, and TNF concentrations. The SEPS1 has been
considered a target gene for a specific RNA interference in
the therapy (8).

Tyrosine phosphatase gene and autoimmune diseases

The protein product of the lymphoid protein tyrosine
phosphatase gene PTPN22 (non-receptor type 22) located
on human chromosome 1p13.2 is involved in preventing
spontaneous T-cell activation (by dephosphorylating and

inactivating T-cell receptor-associated c-src tyrosine kina-
se). A missense mutation of this gene (C1858T, R620W),
found in 15–17 % of the Caucasian population, was found
to be associated with type 1 diabetes. Compelling evidence
suggests that the PTPN22 is a common susceptibility gene
for auto-immune diseases; significant association has been
reported for rheumatoid arthritis, and systemic lupus ery-
thematosus (15,32,49).

Filaggrin in eczema, asthma, and allergy

The recent discovery of the gene that causes dry and
scaly skin may change the eczema treatment approach. The
human gene, located at 1q21, produces a protein called fi-
laggrin (filament aggregating protein) (3,35), which helps
to keep the skin protected by forming an outer barrier and
keeping the water in. In healthy people, this protein is abun-
dant, but in absence caused by genetic variants (R510X and
2282del) the skin dries out and begins to flake off. Re-
portedly, about 60 % of Danish children carrying filaggrin
mutation get eczema in the first 2 years of life; according to
another study, two thirds of Irish children with eczema car-
ry this mutation. A very strong link between filaggrin mu-
tation and eczema was found among Scottish children with
asthma (38).

Genes linked to disorder of the oesophagus

The eotaxin gene family recruits and activates eosino-
phils, basophiles and Th2 lymphocytes that play a major
role in allergic disorders. Polymorphism of the eotaxin-3
gene (chemokine ligand 26, CCL26, located on chromo-
some 7q11.23) coding for a small inducible cytokine A26
precursor triggers a harmful, possibly allergic-based inflam-
mation. The disorder, called eosinophilic oesophagitis, pre-
sents in children and adults with failure to thrive, painful
swallowing and digestion, vomiting, and weight loss. This
new disease, with a genetic predisposition and accelerating
incidence (1:10 000) leading to ulcers and cancer, may be
confused (without biopsy) with heartburn or acid reflux
(5,14).

Crohn’s disease (CD)

CD is a disorder characterized by intestinal and syste-
mic chronic inflammation (incidence 1–10/100 000) with
typical relapses/remissions occurring in adolescence or early
adulthood.

The pathogenesis of CD is complex and appears to in-
volve many factors. Commonly classified as an immune-me-
diated tissue injury, CD is considered to be a consequence
of a delayed-type hypersensitivity reaction due to a failure
to establish tolerance (to food antigens), or a breakdown in
tolerance (to own gut bacteria). However, other factors also
seem to be important in the CD pathogenesis: environ-
mental factors such as cigarette smoking, triggering the in-
flammatory response, and distinct genetic components.

The gene called NOD2 (nucleotide-binding oligomeri-
zation domain 2, on chromosome 16q12) has been identi-
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fied as a locus for genetic susceptibility in CD. The NOD2,
recently renamed as caspase activating recruitment domain
15 (CARD15), belongs to a family of NOD1/apoptotic pro-
tease activating factor 1 related proteins which regulate
apoptosis and some of which activate NF-κB). Variants of
the gene (namely the NOD2 mutant 3020insC, showing an
impaired ability to activate NF-κB) have been associated
with a risk for CD; they account for about 25 % of the CD
patients (6,31,44).

Decreased expression of the (cell death regulatory)
protein GRIM-19, which interacts with NOD2 and serves
as an effector of anti-bacterial function in intestinal epi-
thelial cells, is supposed to play a key role in CD pathoge-
nesis (4).

Quite recently, a highly significant association between
CD and the IL23R gene on chromosome 1p31 has been
found. This gene, encoding a subunit of the receptor for the
proinflammatory cytokine IL-23, has long been linked to
inflammatory bowel diseases and auto-immune psoriasis.
An uncommon coding variant (rs11209026, c.1142G→A,
p.Arg381Gln) confers strong protection against CD, and
additional non-coding IL23R variants are independently as-
sociated. This signaling pathway is supposed to be a better
therapeutic target in inflammatory bowel disease than
CARD15/NOD2 (10).

Helicobacter pylori (HP) and related genes

HP infection in the human stomach is rather common,
causing gastritis, peptic ulcer disease and gastric malignan-
cy (also associated with coronary disease); infection is usu-
ally acquired in childhood and persists throughout life. HP
synthesizes an unusual GroES homolog (bacterial co-cha-
peronin, heat shock gene product of Escherichia coli), a pro-
tein-folding factor, which stimulates the production of IL-8,
IL-6, and others. Consequently, an altered expression of the
Bcl-2, Bax, and c-Myc genes induces morphological changes
in gastric epithelial cells, typical of apoptosis. Immune re-
sponse mediators have also been suggested as one possible
explanation for the observed association between HP and
several respiratory, as well as cardiovascular, rheumatic, skin
and liver pathologies (11,20,25,46). The IL-8 A251A→T
(rs4073) variant, and the polymorphisms in HP vacA (va-
cuolating cytotoxin) gene may also be involved in limiting
the infection outcome to gastritis, peptic ulcer or cancer on-
set (17).

Alzheimer’s disease (AD)

There is increasing evidence of a relationship between
inflammation factors and dementia in the elderly people.
Previous research in AD has focused on a protein called
beta-amyloid. Later on, mutations in the tau gene (on chro-
mosome 17) encoding tau- (HN9, a microtubule-binding)
protein, have been found in patients; many other neuro-
degenerative disorders have also tau abnormalities (“tauo-
pathies“). The risk of AD is furthermore substantially
influenced by at least 10 different polymorphisms in the in-

flammatory agents IL-1β, IL-6, TNF, α2-macroglobulin,
and α1-antichymotrypsin. The causal interpretation of a re-
lationship is supported by a strong increase in the number
of inflammation markers many (up to 25) years before de-
mentia develops, as has been found in the children of pa-
tients with AD (23,39).

Recent discoveries in genetics have not only increased
our knowledge of etiology and pathogenesis of diseases,
but also opened new possibilities for therapeutic interven-
tion.

Inflammation and RNAi

New technologies such as RNA interference (RNAi)
are used to knock down the target protein expression levels
in mammalian cells, and might be used in therapy. RNAi
(2006–Nobel Prize estimated discovery) (9) is a method
based on a specific suppression of genes by synthetic, short
double-stranded interfering RNA sequence that is comple-
mentary to the mRNA transcribed from the target gene.
The interference would block the production of an encoded
protein. An example is presented for illustration: Many
inflammatory genes are regulated by κB sites; NF-κB me-
diated inflammation is a key process in many diseases.
Application of the synthetic p65 subunit of NF-κB leading
to low production of the p65 protein and IL-8 secretion
suppression is a useful tool for efficient gene silencing.
Also, the p50 subunit of NF-κB was found to suppress the
expression of κB-associated genes, thus preventing inflam-
matory injury during Escherichia coli pneumonia, a com-
mon infection in hospitals (26,48).

Conclusions

Inflammatory diseases represent a close ground of gene
expression, which might be extremely complex owing to the
diversity of cell types involved in their pathology. There is
apparent progress in the field, with hundreds of new gene
variants discovered and characterized; however, firm evi-
dence consistently linking them with pathogenesis of com-
plex chronic diseases is still limited. To find true causes and
evaluate appropriate treatments will require time-con-
suming resolution of specific variations in inflammatory
gene expression.

The genotyping of common mutations is carried out by
restriction fragment length polymorphism and amplifica-
tion refractory mutation system techniques. Serial analysis
of gene expression (SAGE), differential display techniques,
and both cDNA and oligonucleotide array-based techno-
logies have been applied for genome-wide gene expression
exploring. Such an approach facilitates 1) detection of pre-
viously unsuspected genes with a likely role in inflamma-
tion, 2) follow-up of much over- and underexpression of
gene populations compared with controls, and 3) identifi-
cation of phenotypically associated specific patterns of
gene expression.
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