Could single-nucleotide polymorphisms (SNPs) affecting the tumour
necrosis factor promoter be considered as part of rheumatoid arthritis
evolution?
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Abstract

Tumour necrosis factor (TNF), a cytokine mainly produced by macrophages, is associated with a broad
spectrum of biological effects, mainly associated with the host defense against microbes. The TNF gene is
located on chromosome six within the major histocompatibility complex (MHC). Rheumatoid arthritis (RA)
is a systemic autoimmune disease where TNF plays a central role in its etiology and pathogenesis. Written
medical evidence of RA can be traced at least as far back as the 17th century, while human paleopathological
studies appear to show the presence of RA prior to this period. The fact that RA has experienced an increment
both in severity and mortality could be explained by many causes, particularly the crucial role of the immune
system.

Single-nucleotide polymorphisms (SNPs) are the most common genetic variations and occur at a frequency
of approximately 1 in 1000bp throughout the genome. The —308 TNF SNP is a mutation that affects the
promoter region of the TNF gene. It defines the TNFI and TNF2 alleles, determining low and high levels
of TNF expression, respectively. The presence of the TNFE2 allele has also been linked to increased susceptibility to and
severity in a variety of autoimmune and inflammatory disorders, including RA, systemic lupus erythematosus, and
ankylosing spondylitis. Studies on the functional significance of —308 SNP have detected higher levels of TNF
production by cells from TNF2-carrying individuals than cells from TNFI individuals. This difference does not
appear to be due to other genes lying within the MHC region. Since the presence of the TNF2 allele may increase
the host’s resistance to local infection, by increasing local production of TNF at the infection site, we may suggest
that such a mutation has emerged as a selective advantage to carriers of the TNF2 allele. This hypothesis may
prove itself by observing the high incidence of tuberculosis and other infectious processes in those patients treated
with anti-TNF therapy.

Since the human lifespan has increased, the persistence of the TNF2 allele at high frequency in the population now
confers what appears to be a marked survival disadvantage. As a result of the disregulation of the immune system, the
genetically-predisposed host expresses larger amounts of TNF, leading to chronic inflammatory processes and
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autoimmune diseases, currently more prevalent. We suggest that RA, a relatively new and increasingly frequent disease,
is favored by the presence of the —308 TNF promoter polymorphism, responsible for increased TNF production.
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Introduction synthesis of collagenase by fibroblasts and synovial cells,

The biological functions of tumour necrosis factor
(TNF) are varied, and its mechanism of action is rather
complex. TNF, which confers resistance to certain types
of infections on the one hand and causes pathological
complications on the other, plays contradictory roles
(Fiers, 1991). This may be related to the diverse
signaling pathways that are activated. TNF produces a
broad spectrum of biological effects, as a pivotal
cytokine in innate and acquired immunity responses it
participates in immuno-stimulation, resistance to in-
fectious agents, resistance to tumours (Aggarwal and
Vilcek, 1991; Vilcek and Lee, 1991), sleep regulation
(Krueger et al., 1998), and embryonic development
(Wride and Sanders, 1995). The cellular effects induced
by TNF typically include a broad range of responses
such as the release of soluble mediators, the induction of
gene expression, growth inhibitory and cytotoxic effects,
and the enhancement of cell proliferation. Monocytes
and macrophages are the major sources of in vivo TNF
synthesis, although many other cell types can produce it
under certain circumstances. TNF acts as a co-stimu-
lator for natural killer cells and activates B and T
lymphocytes. It enhances the pathogen-directed cyto-
toxicity of monocytes, neutrophils and eosinophils and
is the first factor involved in the cytokine cascade
(Tracey and Cerami, 1993).

The stimulatory effects of the vascular bed lining on
the endothelial cells are highly important and result
in the enhanced surface expression of adhesion mole-
cules and the induction of pro-coagulant activity. The
adhesion of neutrophils, lymphocytes and monocytes to
the endothelial cells is followed by trans-endothelial cell
migration and extravasation. TNF also increases the

which may be important in the remodeling of joint tissue
in arthritis. TNF stimulates osteoclasts and exerts
growth inhibitory activity on osteoblasts, resulting in
enhanced resorption of bone and articular cartilage
(Idriss and Naismith, 2000).

Although TNF plays an important role as a mediator
of resistance in parasitic, bacterial, and viral infections,
sometimes high TNF circulating levels become patho-
genic or fatal in such infections (Hober et al., 1989). It
seems that only abnormal situations, such as the
overreaction of the host or the dysfunction of natural
autoregulatory networks, lead to aforementioned effects
(Fiers, 1991).

The TNF gene lies in the class III region of the major
histocompatibility complex (MHC), approximately 250 kb
centromeric of the human leukocyte antigen (HLA)-B
locus and 850kb telomeric of HLA-DR. Although the
circulating TNF levels are highly variable (Aguillon et al.,
2001), up-regulation of TNF gene expression has been
involved in the pathogenesis of a large variety of illnesses
with inflammatory and autoimmune components, some of
which are associated with MHC class II molecules,
including systemic lupus erythematosus (Jacob et al.,
1990), rheumatoid arthritis (RA) (Breunan et al., 1992;
Cuenca et al., 2003), inflammatory bowel diseases (Bouma
et al., 1996), and ankylosing spondilitis (Rudwaleit et al.,
2001). Another group includes acute and chronic infec-
tious processes, such as septic shock syndrome (Tracey
and Cerami, 1993), cerebral malaria (McGuire et al.,
1994), and acquired immunodeficiency syndrome (Hober
et al., 1989).

In this report we review studies that analyze the
contribution of TNF and one of its promoter gene
polymorphisms to susceptibility to human disease,
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specifically to RA. Furthermore, we discuss the histor-
ical evolution of RA and hypothesize on the participa-
tion of single-nucleotide polymorphisms (SNPs) and
their effects on the TNF promoter gene, as an
evolutionary element that could mediate increased
susceptibility to RA.

Rheumatoid arthritis

RA is a systemic autoimmune disease that affects
approximately 1% of the entire world population. It is
characterized by chronic synovial joint inflammation
and the overgrowth of synoviocytes leading to cartilage
and bone destruction. The etiology and pathogenesis of
the disease is complex and remains unresolved (Pincus et
al., 1994; Breedveld, 1998). Cumulative studies suggest
that RA occurs in patients with a genetic background
with multiple common inherited genetic risk factors.
The genetic contribution for the susceptibility to RA
affliction has been demonstrated in family-aggregation
and concordance studies, and clinical expression is
found to be 3—4 times higher in monozygotic than in
dizygotic twins (Aho et al., 1986; Silman et al., 1993).
The mode of segregation in the population is best
explained by a polygenic background influenced by the
right environmental stimuli, suggesting that at least 10
different genetic regions may be linked to susceptibility
to this disease (Cornelis et al., 1998). The association of
the MHC DRBI alleles sharing amino acid sequence at
positions 70-74, in the binding groove of the MHC
molecule, has been well recognized in Caucasian
patients with RA. However, no more than 30% of
genetic susceptibility to RA has been attributed to these
alleles (Wordsworth et al., 1989; Gregersen et al., 1987;
Weynand and Goronzy, 1994).

RA is a heterogeneous disease with a broad spectrum
of clinical severity, ranging from mild arthritis to a
severe form of the disease, characterized by high serum
levels of rheumatoid factor and vital compromise of
other organs. Most of the articular destruction occurs in
the carly years of disease evolution. Diverse clinical,
demographic, and genetic conditions have been asso-
ciated with a more severe evolution of RA, such as a
younger age at the time of onset, female sex, positive
rheumatoid factor, smoking, the amino acidic conserved
sequence of the HLA-DRBI alleles (Wicks et al., 1994),
and the —308 TNF promoter polymorphism (Cvetkovic
et al., 2002).

The role of TNF in rheumatoid arthritis

An accumulation of information reveals that TNF is
the central cytokine in the pathogenesis of RA (Breunan

et al., 1992), playing a key role in the inflammation and
joint damage. High levels of TNF are found in the
synovial fluids of patients with RA. In vitro studies
indicate that TNF plays a primary role in the cytokine
cascade in RA, controlling the production of IL-1 and
other pro-inflammatory cytokines, including IL-6 and
IL-8 (Butler et al., 1995). TNF mediates joint inflamma-
tion and destruction by inducing the synthesis and
release of inflammatory metalloproteinases, prostaglan-
dins, and nitric oxide in a variety of cell types, as well as
by inhibiting the production of matrix components
(Feldmann et al., 1996). Although there is no evidence
of a direct TNF cytotoxic effect on the synovial cells,
this possibility should not be rejected as part of the
deleterious processes involved in RA physiopathology.

Evidence of TNF’s role in the pathogenesis of RA
has been shown by three important observations
(Feldmann, 2001). (1) Plasma, synovial fluid, and tissue
from RA patients have been reported to have high
concentrations of TNF (Vinasco et al., 1997; Cuenca et
al., 2003); (2) transgenic mice that over-express the
human TNF gene develop a polyarthritis similar to RA
(Keffer et al., 1991), while the administration of human
TNF monoclonal antibodies from birth, prevents
articular lesions and diminish the incidence of murine
arthritis (Williams et al., 1992), and (3) arguably, the
most impressive evidence comes from studies demon-
strating the clinical benefit observed in RA patients
treated with both chimeric (Elliot et al., 1993) and fully
human (Kempeni, 1999) anti-TNF monoclonal anti-
bodies or with soluble TNF receptors (Weinblatt et al.,
1999; Moreland et al., 1997).

Historical records of rheumatoid arthritis

In contrast to the disease itself, the antiquity of its
name rheumatoid arthritis is well established. In 1859,
Sir Alfred Baring Garrod introduced the term into
medical literature in substitution of rheumatic gout.
Some descriptions of the clinical entity had been
reported previously by Heberden, Haygarth, Charcot
and Brodie, and others (Forestier, 1963; Appelboom
and Ehrlich, 1998). Earlier authors had referred to
forms of arthritis that resemble RA in certain attributes,
but they failed to set them off as disease entities and
indeed usually confused their description with what are
obviously references to gout. The absence of a convin-
cing description of the disease was routinely argued as
firm evidence against the existence of RA prior to the
18th century in European populations (Parish, 1963;
Short, 1974). Snorrason (1952) concluded that RA was a
recent disease, not occurring among European people
until the late 18th or early 19th centuries, an opinion
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concurred with more recently by studies published in a
textbook by Boyle and Buchanan (1971).

It is not only medical theory that has changed over the
years, but the way we perceive pathological conditions
as well. The power of observation and the importance of
physical signs needed to define a specific condition
have also varied over time. This is the most plausible
explanation to account for the supposed lack of
descriptions of RA in medical literature but its antiquity
is still a controversial issue.

There is, however, evidence in Asia that suggests the
presence of a chronic symmetric polyarthritis in the
Caraka Samhita, a medical text from India written
between 500 BC and 100 AD (Sturrock et al., 1977;
Ulrich-Merzenich et al., 1999). The oldest written
evidence of a disease similar to modern RA was ascribed
to Scribonius Largus, who was probably describing a
polyarthritis found in women between 30 and 40 years
old (Copeman, 1964). The Roman emperor Constantine
IX (980-1055 AD) seems to have been the first famous
historical figure who suffered from RA. A brilliant
description of his disease is found in the Chronographia
by Michael Psellus, stressing the recurrent polyarthritis
involving the joints of the limbs with severe contrac-
tures, deformities in the hands, and consequent dis-
ability (Kahn, 1993).

RA is very difficult to find in skeletal remains. In
ancient burials and medical museums, bones of hands
and feet expected to present the characteristic erosions
are usually the least preserved. Reports of human
remains of the ancient Egyptians concluded that
ankylosing spondylitis, osteoarthritis and gout were
identified in remains dating back thousands of years BC,
but no unequivocal samples proving peripheric RA have
been found (Short, 1974).

Rothschild described a polyarticular erosive symme-
trical affliction that cannot be distinguished from
modern RA found in more than 900 skeletons from
different historical periods ranging from 6500 to 450 BC
(Rothschild et al., 1988; Rothschild and Woods, 1990).
There is evidence from isolated cases of this disease in
skeletons found in Central America between 1400 BC
and AD 1550. There are at least five cases of possible
RA in Europe prior to 1492, dating between 70 BC and
the 15th century (Aceves-Avila et al., 1998, 2001).

It is tempting to assume that ankylosing spondylitis,
with or without peripheral joint involvement, existed
with some frequency in the ancient world, although
different from what we know today as peripheral RA.
Because the small bones of the hands and feet have not
thus far been as carefully preserved and examined in
archaeological studies, roentgenograms may be a more
successful means of investigation. However, further
study of ancient remains is certainly necessary before
reaching this conclusion. The question remaining is
whether spondylitis is the original and only form of RA

to have appeared through a similar evolutionary process
in our history.

Diverse factors contribute to the origin of
rheumatoid arthritis

Written medical evidence on RA dates back to at least
the 17th century, while human paleopathological studies
seem to show the presence of RA prior to this period,
although no clear examples of the disease have
been determined. RA has certainly increased in both
frequency and severity, which could be explained by
many causes, particularly the crucial role of the immune
system.

There is consensus that RA is the result of a sustained
immune response probably triggered by an external
antigen in a genetically susceptible host (Moreno-
Rodriguez, 1997). The nature of this antigen is still a
matter of debate, and there is significant evidence that
several antigens are responsible for producing the
disease in different individuals (Krause et al., 1996).
Pressure imposed on aggressors generates evolutionary
processes that are reflected in changes to the aggressor’s
structural constituents, resulting in structures that are
chemically very similar to the human components. For a
reason that still remains unknown and due to the
similarity between human and microbial structures, the
immune system fails in tolerance maintenance leading to
an autoimmune reaction.

We should also consider other causes and influences
that could have determined an increase in the frequency
and severity of this disease. Although RA is defined as
an independent pathological entity, this diagnosis may
actually encompass a number of different pathological
conditions (Arend, 1997). RA can be considered a
syndrome: a common pathway of damage produced by
the immune system. A single cause can induce different
clinical syndromes, depending on environmental influ-
ences and the specific characteristics of the host, as
described for other infectious conditions (Evans, 1967).
Epidemiological evidence suggests that the incidence of
RA depends on presently ill-defined host—environment
interactions (Silman et al., 1997; Gabriel et al., 1999).
Diet and environmental modifications in experimental
arthritis models influence the presence and severity of
the disease (van der Broek et al., 1992; Hazenberg et al.,
1992). Modifications in environment, diet and customs
could have influenced the increment of this pathology
after the 18th century. In recent years, tobacco has
been proposed as an independent risk factor for RA
(Saag et al., 1997; Symmons et al., 1997; Karlson et al.,
1999; Uhlig et al., 1999).

The high levels of hygiene found in developed
countries have also been proposed as responsible for
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current increases of some autoimmune conditions
(Mason, 1994). There is some evidence pointing to a
low prevalence of RA in undeveloped countries (Hall,
1966). As in experimental models of autoimmunity,
environmental factors could be fine tuners of the host’s
response (Wick et al., 1998).

In animal models, cell-mediated autoimmune diseases
such as diabetes and adjuvant arthritis can be attenuated
and entirely prevented in their hosts by modifying
intestinal bacterial flora. Normal bacterial flora protects
animals from the disease, while a germ-free environment
aggravates the process (Kohashi et al., 1986; Bowman
et al.,, 1994). It seems that a normal intestinal flora
assures a wide range of antigenic stimulus for the
individual, which diversifies the T cell repertoire and
suppresses cell-mediated immunity for antigens encoun-
tered this way (Aceves-Avila et al., 2001).

As a consequence of the development of advances in
science and technology, the average lifespan has
increased considerably. As recently reported, the
average lifespan in the USA increased from 77.3 years
in 2002 to 77.6 years in 2003 (Centers for Disease
Control and Prevention—CDC on-line report at http://
www.cdc.gov).

Thus, the progressive aging of population most likely
contributes at least in part to the increase in RA, a
disease that begins late in life and develops over the
course of time. This is consistent with the greater
frequency of RA in the Old World.

SNPs the most abundant form of genetic
variation

As reviewed by Shastry (2002), 99.9% of the DNA
sequence between two randomly selected human gen-
omes is identical. The remaining 0.1% is thought to
include some differences or variations in the genome
between individuals. This variation, called polymorph-
ism, arises because of mutations. The simplest form of
these variations is the substitution of one single
nucleotide for another, called SNPs. SNPs are more
common than other types of polymorphisms and occur
at a frequency of approximately 1 in 1000 bp (Brookes,
1999) throughout the genome (promoter region, coding
sequences, and intronic sequences). SNPs can be
observed among individuals in a population, may
influence promoter activity or DNA and pre-mRNA
conformation, and play a direct or indirect role in
phenotypic expression (Pitarque et al. 2001; LeVan
et al.,, 2001). Some SNPs are functionally expressed,
suggesting that genetic variation is one of the factors
associated with susceptibility to many common diseases
as well as every human trait such as tallness, curly hair,
and individuality (Martin et al., 1997).

SNPs are highly abundant, stable, and distributed
throughout the genome. These variations are associated
with diversity in the population, individuality, suscept-
ibility to diseases (Cuenca et al., 2003), and differential
response to medical treatment (Cuchacovich et al.,
2004).

TNF SNPs and rheumatoid arthritis

TNF production may be regulated at the transcrip-
tional, post-transcriptional, and translational levels.
Polymorphisms have been described in the promoter
region (Jongeneel et al., 1990), the first intron, and 3’
untranslated region of the TNF gene (Beutler and
Brown, 1993). It has been suggested that variability in
the promoter and coding regions of the TNF gene may
modulate the magnitude of the secretory response of this
cytokine (Bouma et al., 1996). Of all SNPs affecting the
TNF promoter gene, the one located at position —308
seems to be the most related to disease susceptibility.
The —308 TNF SNP involves the substitution of
guanine (G) for adenine (A), generating TNFI and
TNF2 (G/A or A/A genotypes) alleles (Wilson et al.,
1992). The polymorphic TNF2 allele leads to a higher
rate of TNF gene transcription than the wild-type TNFI
allele in in vitro expression studies, and it has been
linked to an increased susceptibility to a variety of
illnesses (Verwij, 1999; Hajeer and Hutchinson, 2000).

Until now, several studies have reported association
of the —308 TNF SNP and susceptibility to RA. Thus,
Danis et al. (1995) described that in the Caucasian
population the frequency of the TNF2 allele is 3 times
greater in RA patients than in healthy controls. More
recently, our group could establish that the TNF2 allele
is present at a frequency 2 times higher in Chilean RA
patients than in normal controls (Cuenca et al., 2003).
Moreover, carrying the —308 TNF SNP has been
associated with more severe forms of disease expression
such as the presence of extra-articular manifestations
with rheumatic nodules (Vinasco et al., 1997). Addi-
tionally, in Swedish patients it has been demonstrated
that individuals bearing the heterozygous TNF2 form
develop a more severe disecase with an earlier onset
(Cvetkovic et al., 2002), while in RA Turkish patients a
significant association with bad prognosis of the disease
has also been described (Ozen et al., 2002).

Interestingly, the frequency of the —308 TNF poly-
morphism is higher in the healthy Caucasian population
than in other ethnic groups such as Latin-American,
Chinese, Japanese or black African populations.
Although these frequency distribution differences re-
main for the G/A genotype the most significant reside in
the A/A genotype (Cuenca et al., 2001). On the other
hand, results of several incidence and prevalence studies
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of RA have been reported during the last decades,
indicating a considerable variation of disease occurrence
among different populations. Consistent with our
proposition, the prevalence estimates for RA suggest
that the occurrence of the disease seems to be lower in
those ethnic groups with low frequency of the A/A
genotype, and higher in individuals bearing this
genotype in high proportion, as characteristic for
Caucasian groups (Chou et al., 1994; Adebajo and
Davis, 1994; Alamanos and Drosos, 2005).

An evolutionary immune adaptation could have
led to autoimmunity

In ancestral times, the immune system underwent a
continuous adaptation process induced by a high
biological pressure from exogenous and endogenous
aggressions, increasing its capabilities of activation and
synthesis of biological mediators such as cytokines.
Specifically, as mentioned previously, the —308 TNF
SNP, a mutation that affects the promoter region of the
TNF gene, defines the TNFI and TNF2 alleles that
determine low and high levels of TNF expression,
respectively. Simultaneously, it has been demonstrated
that the presence of the TNF2 allele is also linked to an
increased susceptibility to and severity in a variety of
autoimmune and inflammatory disorders such as
insulin-dependent diabetes mellitus (Pociot et al.,
1993a), RA (Brinkman et al.,, 1997; Cuenca et al.,
2003), inflammatory bowel disease (Bouma et al., 1996;
Kawasaki et al., 2000), systemic lupus erythematosus
(Rood et al., 2000), and ankylosing spondylitis (Rud-
waleit et al., 2001).

Prior to the emergence of —308 TNF SNP; it must
have been uncommon to detect wide inter-individual
differences in the TNF expression as normally occurs
today (Aguillon et al., 2001). It has also been demon-
strated that the polymorphisms in the human TNF
promoter are not all randomly distributed in the
promoter, and the available data indicate that indeed
such polymorphisms have functional effects that causes
their selection and maintenance in the population.
Hence, variations affecting the phenotype might be
subject to natural selection. Thus, if these variations are
retained in the genome over time, they must represent a
reproductive advantage for the individual.

Numerous studies on the possible functional rele-
vance of these polymorphisms, as part of transcription-
ally functional motifs, have been carried out using
transient transfection of reporter genes controlled by
allelic variants of the TNF promoter (Wilson et al.,
1997, Kroeger et al., 1997), or investigating the
expression of TNF by cells derived from individuals
with varying TNF promoter genotype (Bouma et al.,

1996; Louis et al., 1998). Polymorphisms in the TNF
promoter gene may affect transcriptional regulation by
modifying the binding site of specific transcription
factors or, alternatively, might influence DNA structure
in the region (Knight et al., 1999; Udalova et al., 2000).
The majority of studies investigating the functional
significance of TNF promoter SNP have focused on the
SNP at position —308. The reports comparing the TNF
production from cells of individuals bearing the TNFI
allele versus individuals with the rarer TNF2 allele have
generated apparently conflicting results (Uglialoro et al.,
1998; Kaijzel et al., 2001; Bayley et al., 2001). Most
reports observed higher levels of TNF production in
cells from TNF2 carrying individuals than cells from
TNFI individuals (Bouma et al., 1996; Wilson et al.,
1997; Kroeger et al., 1997; Louis et al., 1998).
Moreover, the difference in TNF production between
individuals bearing TNFI and TNF2 alleles does not
appear to be due to other genes lying within the MHC.
It has been reported that secretion of TNF is elevated in
TNF? individuals, whether they are HLA-DR3" or
DR3’, indicating that linkage to DR3 is not responsible
for the increased TNF expression detected in TNF2
individuals (Pociot et al., 1993b; Bouma et al., 1996).
Based on the above-mentioned evidence and because
the presence of the TNF2 allele may increase the host
resistance to local infection, by increasing local produc-
tion of TNF at the infection site, such mutations may
have emerged as an unrecognized selective advantage to
carriers of the TNF2 allele. This perception is consistent
with the fact that in remote times most vertebrates were
decimated by a variety of infectious microorganisms,
especially intracellular aggressors, known to be suscep-
tible to TNF activity. Therefore, in evolutionary terms,
it is likely that in response to the high aggressor’s
biological pressure, the host’s immune system evolved,
allowing macrophages, the primary TNF producers, to
select this polymorphism. This proposal is consistent
with the high incidence of tuberculosis and other
infectious processes observed in those patients that have
been treated with anti-TNF therapy (Keane et al., 2001).
Intracellular pathogens no longer ravage the popula-
tion today as they once did, mainly because of
introduced chemical and antibiotic therapies. A con-
sequent substantial increase in lifespan is observed,
especially in the developed world. At this stage, the fact
that the TNF2 allele continues to persist at such a high
frequency seems to be conferring what appears as a
marked survival disadvantage, rather than a presently
required innate defense against intracellular aggressors.
As a result of the deregulation of the immune
system, the genetically-predisposed host expresses higher
amounts of TNF, leading to chronic inflammatory
processes and to autoimmune diseases, which are
currently more prevalent. Considering this evidence,
we propose that RA, a relatively new and increasingly
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frequent disease, is favored by a specific mutation in
the promoter region of the TNF gene. Of all the
SNPs that affect the TNF gene, the —308 TNF
promoter polymorphism is probably the most relevant
for increased TNF production, thus representing a
genetic risk factor for RA predisposition.

Finally, a multidisciplinary approach studying differ-
ent geographical areas with high RA prevalence
will generate abundant information on the influence
of potential variables on the development of RA.
Although RA is considered to be a multifactorial
disease, resulting from the interaction of both individual
and environmental factors such as sex, age, cthnicity,
smoking, infectious agents, hormones, diet and socio-
economic conditions, epidemiological evidence indicates
that genetic factors are the most important. Thus, our
principal interest is to elucidate the genetic mechanisms
modulating the production of inflammatory and anti-
inflammatory cytokines, with emphasis on the role
of TNF.

Acknowledgments

Financed by Fondecyt-Chile 1040860 and Fondef-
Chile D0311055.

References

Aceves-Avila, F.J., Baez-Molgado, S., Medina, F., Fraga, A.,
1998. Paleopathology in osseous remains from the 16th
century. A survey of rheumatic diseases. J. Rheumatol. 25,
776-782.

Aceves-Avila, F.J., Medina, F., Fraga, A., 2001. The antiquity
of rheumatoid arthritis: a reappraisal. J. Rheumatol. 28,
751-757.

Adebajo, A., Davis, P., 1994. Rheumatic diseases in African
blacks. Semin. Arthritis Rheum. 24, 139-153.

Aggarwal, B., Vilcek, J. (Eds.), 1991. Tumour Necrosis
Factors: Structure, Function and Mechanism. Marcel
Dekker Publishers, New York.

Aguillon, J.C., Escobar, A., Ferreira, V., Aguirre, A., Ferreira,
L., Molina, M.C., Ferreira, A., 2001. Daily production of
human tumour necrosis factor in lipopolysaccharide (LPS)-
stimulated ex vivo blood culture assays. Eur. Cytokine
Network 12, 105-110.

Aho, K., Koskenvuo, M., Tuominen, J., Kaprio, J., 1986.
Occurrence of rheumatoid arthritis in a nationwide series of
twins. J. Rheumatol. 13, 899-902.

Alamanos, Y., Drosos, A.A., 2005. Epidemiology of adult
rheumatoid arthritis. Autoimmun. Rev. 4, 130-136.

Appelboom, T., Ehrlich, G.E., 1998. Historical note: the
concept of gout in 1880. Arthritis Rheum. 41, 1511-1512.

Arend, W.P., 1997. The pathophysiology and treatment of
rheumatoid arthritis. Arthritis Rheum. 40, 595-597.

Bayley, J.P., de Rooij, H., van der Essen, P.J., Huizinga, T.W.,
Verweij, C.L., 2001. Functional analysis of linker-scan mutants

spanning the —376, —308, —244, and —238 polymorphic sites
of the TNF o promoter. Cytokine 14, 316-323.

Beutler, B., Brown, T., 1993. Polymorphism of the mouse
TNF-alpha locus: sequence studies of the 3’-untranslated
region and first intron. Gene 129, 279-283.

Bouma, G., Crusius, J.B.A., Oudkerk-Pool, M., Kolkman,
J.J., Vonblomberg, B.M.E., Kostense, P.J., Giphart, M.J.,
Schreuder, M.T.H., Meuwissen, S.G.M., Pena, A.S., 1996.
Secretion of tumour necrosis factor and lymphotoxin in
relation to polymorphisms in the TNF genes and HLA-DR
alleles. Relevance for inflammatory bowel diseases. Scand.
J. Immunol. 43, 456-463.

Bowman, M.A., Leiter, E.H., Atkinson, M.A., 1994. Preven-
tion of diabetes in human disease. Immunol. Today 15,
115-120.

Boyle, J.A., Buchanan, W.W., 1971. Clinical Rheumatology.
FA Davis, Philadelphia, pp. 71-72.

Breedveld, F.C., 1998. New insights in the pathogenesis of
rheumatoid arthritis. J. Rheumatol. 25, 3-7.

Breunan, F.M., Maini, R.N., Feldman, M., 1992. TNFu: a
pivotal role in rheumatoid arthritis. Br. J. Rheumatol. 31,
293-298.

Brinkman, B.M., Huizinga, T.W., Kurban, S.S., van der
Velde, E.A., Schreuder, G.M., Hazes, J.M., Breedveld,
F.C., Verweij, C.L., 1997. Tumour necrosis factor
alpha gene polymorphisms in rheumatoid arthritis:
association with susceptibility to, or severity of, disease?
Br. J. Rheumatol. 36, 516-521.

Brookes, A.J., 1999. The essence of SNPs. Gene 234, 177-186.

Butler, D.M., Maini, R.N., Feldmann, M., Brennan, F.M.,
1995. Modulation of proinflammatory cytokine release in
rheumatoid synovial membrane cell cultures. Comparison
of monoclonal anti TNF-alpha antibody with the inter-
leukin-1 receptor antagonist. Eur. Cytokine Network 6,
225-230.

CDC. Centers for Disease Control and Prevention, Depart-
ment of Health and Human Services, USA. http://
www.cdc.gov.

Chou, C.T., Pei, L., Chang, D.M., Lee, C.F., Schumacher,
H.R., Liang, M.H., 1994. Prevalence of rheumatic diseases
in Taiwan: a population study of urban, suburban, rural
differences. J. Rheumatol. 21, 302-306.

Copeman, W.S.C., 1964. A Short History of Gout and the
Rheumatic Diseases. University of California Press, Berke-
ley, Los Angeles 145pp.

Cornelis, F., Faure, S., Martinez, M., Prud’homme, J.F.,
Fritz, P., Dib, C., Alves, H., Barrera, P., de Vries, N.,
Balsa, A., Pascual-Salcedo, D., Maenaut, K., Westhovens,
R., Migliorini, P., Tran, T.H., Delaye, A., Prince, N.,
Lefevre, C., Thomas, G., Poirier, M., Soubigou, S.,
Alibert, O., Lasbleiz, S., Fouix, S., Weissenbach, J., 1998.
New susceptibility locus for rheumatoid arthritis suggested
by a genome-wide linkage study. Proc. Natl. Acad. Sci.
USA 95, 10746-10750.

Cuchacovich, M., Ferreira, L., Aliste, M., Soto, L., Cuenca, J.,
Cruzat, A., Gatica, H., Schiattino, 1., Perez, C.,
Aguirre, A., Salazar-Onfray, F., Aguillon, J.C., 2004.
Tumour necrosis factor-alpha (TNF-alpha) levels and
influence of —308 TNF-alpha promoter polymorphism on


http://www.cdc.gov
http://www.cdc.gov

J.C. Aguillon et al.

the responsiveness to infliximab in patients with rheuma-
toid arthritis. Scand. J. Rheumatol. 33, 228-232.

Cuenca, J., Pérez, C., Aguirre, A., Schiattino, 1., Aguillon,
J.C., 2001. Genetic polymorphism at position —308 in the
promoter region of the tumour necrosis factor (TNF):
implications of its allelic distribution on susceptibility or
resistance to diseases in the Chilean population. Biol. Res.
34, 237-241.

Cuenca, J., Cuchacovich, M., Pérez, C., Ferreira, L., Aguirre,
A., Schiattino, 1., Soto, L., Cruzat, A., Salazar-Onfray, F.,
Aguillon, J.C., 2003. The —308 polymorphism in the
tumour necrosis factor gene promoter region and ex vivo
lipopolysaccharide-induced TNF expression and cytotoxic
activity in Chilean patients with rheumatoid arthritis.
Rheumatology 42, 308-313.

Cvetkovic, J.T., Wallberg-Jonsson, S., Stegmayr, B., Ranta-
paa-Dahlqvist, S., Lefvert, A.K., 2002. Susceptibility for
and clinical manifestations of rheumatoid arthritis are
associated with polymorphisms of the TNF-alpha, IL-
Ibeta, and IL-1Ra genes. J. Rheumatol. 29, 212-219.

Danis, V.A., Millington, M., Hyland, V., Lawford, R., Huang,
Q., Grennan, D., 1995. Increased frequency of the
uncommon allele of a tumour necrosis factor alpha
polymorphism in rheumatoid arthritis and systemic lupus
erythematosus. Dis. Markers 12, 127-133.

Elliot, M.J., Maini, R.N., Feldmann, M., Long-Fox, A.,
Charles, P., Katsikis, P., Brennan, F.M., Walker, J., Bilj,
H., Ghrayeb, J., Woody, J.N., 1993. Treatment of rheumatoid
arthritis with chimeric monoclonal antibodies to tumour
necrosis factor alpha. Arhtritis Rheum. 36, 1681-1690.

Evans, A.S., 1967. Clinical syndromes in adults caused by
respiratory infection. Med. Clin. North Am. 51, 803-818.

Feldmann, M., 2001. Pathogenesis of arthritis: recent research
progress. Nat. Immunol. 2, 771-773.

Feldmann, M., Brennan, F.M., Maini, R.N., 1996. Role of
cytokines in rheumatoid arthritis. Annu. Rev. Immunol. 14,
397—-440.

Fiers, W., 1991. Tumour necrosis factor. Characterization at
the molecular, cellular and in vivo level. FEBS Lett. 285,
199-212.

Forestier, J., 1963. Three French pioneers in rheumatology.
Ann. Rheum. Dis. 22, 63-70.

Gabriel, S.E., Crowson, C.S., O’Fallon, W.M., 1999. The
epidemiology of rheumatoid arthritis in Rochester, Minne-
sota, 1955-1985. Arthritis Rheum. 42, 415-420.

Gregersen, P.K., Silver, J., Winchester, R., 1987. The shared
epitope hypothesis. An approach to understanding the
molecular genetics of susceptibility to rheumatoid arthritis.
Arthritis Rheum. 30, 1205-1213.

Hajeer, A.H., Hutchinson, 1.V., 2000. TNF-alpha gene poly-
morphism: clinical and biological implications. Microsc.
Res. Tech. 50, 216-228.

Hall, L., 1966. Polyarthritis in Kenya. East Afr. Med. J. 43,
161-170.

Hazenberg, M.P., Klasen, 1.S., Kool, J., Ruseler-van Embden,
J.G., Severijnen, A.J., 1992. Are intestinal bacteria involved
in the etiology of rheumatoid arthritis? APMIS 100, 1-9.

Hober, D., Haque, A., Wattre, P., 1989. Production of tumour
necrosis factor-alpha (TNF-o) and interleukin-1 (IL-1)
in patients with AIDS. Enhanced level of TNF-« is related

to a higher cytotoxic activity. Clin. Exp. Immunol. 78,
329-333.

Idriss, H.T., Naismith, J.H., 2000. TNF alpha and the TNF
receptor superfamily: structure-function relationship(s).
Microsc. Res. Tech. 50, 184-195.

Jacob, C.O., Fronek, Z., Lewis, G.D., 1990. Heritable major
histocompatibility complex class II-associated differences in
production of tumour necrosis factor-a: relevance to genetic
predisposition to systemic lupus erythematosus. Proc. Natl.
Acad. Sci. USA 87, 1233-1237.

Jongeneel, C.V., Acha-Orbea, H., Blankenstein, T., 1990. A
polymorphic microsatellite in the tumour necrosis factor
alpha promoter identifies an allele unique to the NZW
mouse strain. J. Exp. Med. 171, 2141-2146.

Kahn, M.F., 1993. The antiquity of rheumatoid arthritis. Ann.
Rheum. Dis. 52, 316.

Kaijzel, E.L., Bayley, J.P., van Krugten, M.V., Smith, L.,
van de Linde, P., Bakker, A.M., Breedveld, F.C.,
Huizinga, T.W., Verweij, C.L., 2001. Allele-specific
quantification of tumor necrosis factor o (TNF) trans-
cription and the role of promoter polymorphisms in
rheumatoid arthritis patients and healthy individuals.
Genes Immun. 2, 135-144.

Karlson, E.W., Lee, .M., Cook, N.R., Manson, J.E.,
Buring, J.E., Hennekens, C.H., 1999. A retrospective
cohort study of cigarette smoking and risk of rheumatoid
arthritis in female health professionals. Arthritis Rheum.
42, 910-917.

Kawasaki, A., Tsuchiya, N., Hagiwara, K., Takazoe, M.,
Tokunaga, K., 2000. Independent contribution of
HLA-DRBI1 and TNF alpha promoter polymorphisms to
the susceptibility to Crohn’s disease. Genes Immun. 1,
351-357.

Keane, J., Gershon, S., Wise, R., Mirabile-Levens, E.,
Kasznica, J., Schwieterman, W., Siegel, J., Braun, M.,
2001. Tuberculosis associated with Infliximab, a tumour
necrosis factor-neutralizing agent. N. Engl. J. Med. 345,
1098-1104.

Keffer, J., Probert, L., Cazlaris, H., Georgopoulos, S.,
Kaslaris, E., Kioussis, D., Kollias, G., 1991. Transgenic
mice expressing human tumour necrosis factor: a predictive
genetic model of arthritis. EMBO J. 10, 4025-4031.

Kempeni, J., 1999. Preliminary results of early clinical trials
with the fully human anti-TNFalpha monoclonal antibody
D2E7. Ann. Rheum. Dis. 58 (Suppl I), 170-172.

Knight, J.C., Udalova, I., Hill, A.V., Greenwood, B.M.,
Peshu, N., Marsh, K., Kwiatkowski, D., 1999. A poly-
morphism that affects OCT-1 binding to the TNF promoter
region is associated with severe malaria. Nat. Genet. 22,
145-150.

Kohashi, O., Kohashi, Y., Takahashi, T., Ozawa, A.,
Shigematsu, N., 1986. Suppressive effect of Escherichi coli
on adjuvant-induced arthritis in rats. Arthritis Rheum. 29,
547-553.

Krause, A., Kamradt, T., Burmester, G.R., 1996. Potential
infectious agents in the induction of arthritides. Curr. Opin.
Rheumatol. 8, 203-209.

Kroeger, K., Carville, K.S., Abraham, L., 1997. The —308
tumour necrosis factor-o promoter polymorphism effects
transcription. Mol. Immunol. 34, 391-399.



J.C. Aguillon et al.

Krueger, J.M., Fang, J., Taishi, P., Chen, Z., Kushikata, T.,
Gardi, J., 1998. Sleep. A physiologic role for IL-1 beta and
TNF-alpha. Ann. N. Y. Acad. Sci. 856, 148—159.

LeVan, T.D., Bloom, J.W., Bailey, T.J., Karp, C.L., Halonen,
M., Martinez, F.D., Vercelli, D., 2001. A common single
nucleotide polymorphism in the CD14 promoter decreases
the affinity of Sp protein binding and enhances transcrip-
tional activity. J. Immunol. 167, 5838—5844.

Louis, E., Franchimont, D., Piron, A., Gevaert, Y., Schaaf-
Lafontaine, N., Roland, S., Mahieu, P., Malaise, M., De
Groote, D., Louis, R., Belaiche, J., 1998. Tumour necrosis
factor (TNF) gene polymorphism influences TNF-o pro-
duction in lipopolysaccharide (LPS)-stimulated whole
blood cell culture in healthy humans. Clin. Exp. Immunol.
113, 401-406.

Martin, N., Boomsma, D., Machin, G., 1997. A twin-pronged
attack on complex traits. Nat. Genet. 17, 387-392.

Mason, D., 1994. The roles of the hypothalamus and the
gastrointestinal tract in the prevention of inflammatory
autoimmune disease. Clin. Exp. Immunol. 97, 339-341.

McGuire, W., Hill, A.V., Allsopp, C.E., Greenwood, B.M.,
Kwiatkowski, D., 1994. Variation in the TNF-alpha
promoter region associated with susceptibility to cerebral
malaria. Nature 371, 508-510.

Moreland, L., Baumgartner, S., Schiff, M., Tindall, E.,
Fleischmann, R., Weaver, A., Ettlinger, R., Cohen, S.,
Koopman, W., Mohler, K., Widmer, M., Blosch, C., 1997.
Treatment of rheumatoid arthritis with a recombinant
human tumour necrosis factor receptor (p75)-Fc fusion
protein. N. Engl. J. Med. 337, 141-147.

Moreno-Rodriguez, J., 1997. Etiopatogenia de la artritis
reumatoide. In: Martinez-Elizondo, P. (Ed.), Introduccion
a la Reumatologia, second ed. Sociedad Mexicana de
Reumatologia AC, Mexico, pp. 108-119.

Ozen, S., Alikasifoglu, M., Bakkaloglu, A., Duzova, A.,
Jarosova, K., Nemcova, D., Besbas, N., Vencovsky, J.,
Tuncbilek, E., 2002. Tumour necrosis factor alpha G- A
—238 and G—>A —308 polymorphisms in juvenile idio-
pathic arthritis. Rheumatology 41, 223-227.

Parish, L.C., 1963. An historical approach to the nomenclature
of rheumatoid arthritis. Arthritis Rheum. 17, 193-205.
Pincus, T., Brooks, R.H., Callahan, R.F., 1994. Prediction of
long-term mortality in patients with rheumatoid arthritis
according to simple questionnaire and joint count mea-

sures. Ann. Internal Med. 120, 26-34.

Pitarque, M., von Richter, O., Oke, B., Berkkan, H.,
Oscarson, M., Ingelman-Sundberg, M., 2001. Identification
of a single nucleotide polymorphism in the TATA box of
the CYP2A6 gene: impairment of its promoter activity.
Biochem. Biophys. Res. Commun. 284, 455-460.

Pociot, F., Wilson, A.G., Nerup, J., Duff, G.W., 1993a. No
independent association between a tumour necrosis factor-
alpha promotor region polymorphism and insulin-dependent
diabetes mellitus. Eur. J. Immunol. 23, 3050-3053.

Pociot, F., Briant, L., Jongeneel, C.V., Molvig, J., Worsaae,
H., Abbal, M., Thomsen, M., Nerup, J., Cambon-
Thomsen, A., 1993b. Association of tumour necrosis factor
(TNF) and class II major histocompatibility complex alleles
with secretion of TNF-« and TNF-$ by human mono-

nuclear cells: a possible link to insulin- dependent diabetes
mellitus. Eur. J. Immunol. 23, 224-231.

Rood, M.J., van Krugten, M.V., Zanelli, E., van der Linden,
M.W., Keijsers, V., Schreuder, G.M., Verduyn, W.,
Westendorp, R.G., de Vries, R.R., Breedveld, F.C.,
Verweij, C.L., Huizinga, T.W., 2000. TNF —-308 and
HLA-DR3 alleles contribute independently to susceptibility
to systemic lupus erythematosus. Arthritis Rheum. 43,
129-134.

Rothschild, B.M., Woods, R.J., 1990. Symmetrical erosive
disease in Archaic Indians: the origin of rheumatoid
arthritis in the New World? Semin. Arthritis Rheum. 19,
278-284.

Rothschild, B.M., Turner, K.R., De Luca, M.A., 1988.
Symmetrical erosive peripheral polyarthritis in the Late
Archaic Period of Alabama. Science 241, 1498-1501.

Rudwaleit, M., Siegert, S., Yin, Z., Eick, J., Thiel, A.,
Radbruch, A., Sieper, J., Braun, J., 2001. Low T cell
production of TNF-alpha and IFN-gamma in ankylosing
spondylitis: its relation to HLA-B27 and influence of the TNF
—308 gene polymorphism. Ann. Rheum. Dis. 60, 36-42.

Saag, K.G., Cerhan, J.R., Kolluri, S., Ohashi, K., Hunninghake,
G.W., Schwartz, D.A., 1997. Cigarette smoking and rheuma-
toid arthritis severity. Ann. Rheum. Dis. 56, 463-469.

Short, C.L., 1974. The antiquity of rheumatoid arthritis.
Arthritis Rheum. 17, 193-205.

Silman, A.J., MacGregor, A.J., Thomson, W., Silman, A.J.,
MacGregor, A.J., Thomson, W., Holligan, S., Carthy, D.,
Farhan, A., Ollier, W.E., 1993. Twin concordance rates for
rheumatoid arthritis: results from a nationwide study.
J. Rheumatol. 32, 903-907.

Silman, A., Bankhead, C., Rowlingson, B., Brennan, P.,
Symmons, D., Gatrell, A., 1997. Do new cases of rheumatoid
arthritis cluster in time or in space? Int. J. Epidemiol. 26,
628-634.

Shastry, B.S., 2002. SNP alleles in human disease and
evolution. J. Hum. Genet. 47, 561-566.

Snorrason, E., 1952. Landré-Beauvais and his goutte asthéni-
que primitive. Acta Med. Scand. 142, 115-118.

Sturrock, R.D., Sharma, J.N., Buchanan, W.W., 1977.
Evidence of rheumatoid arthritis in ancient India. Arthritis
Rheum. 20, 42-44.

Symmons, D.P., Bankhead, C.R., Harrison, B.J., Brennan, P.,
Barrett, E.M., Scott, D.G., Silman, A.J., 1997. Blood
transfusion, smoking, and obesity as risk factors for the
development of rheumatoid arthritis: results from a
primary care-based incident case-control study in Norfolk,
England. Arthritis Rheum. 40, 1955-1961.

Tracey, K., Cerami, A., 1993. Tumour necrosis factor: An
updated review of its biology. Crit. Care Med. 21,
s415-s422.

Udalova, I.A., Richardson, A., Denys, A., Smith, C., Acker-
man, H., Foxwell, B., Kwiatkowski, D., 2000. Functional
consequences of a polymorphism affecting NF-«xB p50-p50
binding to the TNF promoter region. Mol. Cell Biol. 20,
9113-9119.

Uglialoro, A.M., Turbay, D., Pesavento, P.A., Delgado, J.C.,
McKenzie, F.E., Gribben, J.G., Hartl, D., Yunis, E.J.,
Goldfeld, A.E., 1998. Identification of three new single



J.C. Aguillon et al.

nucleotide polymorphisms in the human tumor necrosis
factor-alpha gene promoter. Tissue Antigens 52, 359-367.

Uhlig, T., Hagen, K.B., Kvien, T.K., 1999. Current tobacco
smoking, formal education, and the risk of rheumatoid
arthritis. J. Rheumatol. 26, 47-54.

Ulrich-Merzenich, G., Kraft, K., Singh, L.M., 1999. Rheu-
matic diseases in Ayurveda: a historical perspective.
Arthritis Rheum. 42, 1553-1555.

van der Broek, M.F., van Bruggen, M.C., Koopman, J.P.,
Hazenberg, M.P., van den Berg, W.B., 1992. Gut flora
induces and maintains resistance against streptococcal cell
wall-induced arthritis in F344 rats. Clin. Exp. Immunol. 88,
313-317.

Verwij, C., 1999. Tumour necrosis factor gene polymorphisms
as severity markers in rheumatoid arthritis. Ann. Rheum.
Dis. 58 (Suppl I), 120-126.

Vilcek, J., Lee, T.H., 1991. Tumour necrosis factor. New
insights into the molecular mechanisms of its multiple
actions. J. Biol. Chem. 266, 7313-7316.

Vinasco, J., Beraun, Y., Nieto, A., Fraile, A., Mataran, L.,
Pareja, E., Martin, J., 1997. Polymorphisms at the TNF loci
in rheumatoid arthritis. Tissue Antigens 49, 74-78.

Weinblatt, M.E., Kremer, J.M., Bankhurst, A.D., Bulpitt,
K.J., Fleischmann, R.M., Fox, R.I., Jackson, C.G., Lange,
M., Burge, D.J., 1999. A trial of etanercept, a recombinant
tumour necrosis factor receptor: Fc fusion protein, in
patients with rheumatoid arthritis receiving methotrexate.
N. Engl. J. Med. 340, 253-259.

Weynand, C.M., Goronzy, J.J., 1994. HLA-DRBI alleles as
severity markers in RA. Bull. Rheum. Dis. 43, 5-8.

Wicks, 1., McColl, G., Harrison, L., 1994. New prospects on
rheumatoid arthritis. Immunol. Today 15, 553-556.

Wick, G., Sgonc, R., Lechner, O., 1998. Neuroendocrine-
immune disturbances in animal models with spontaneous
autoimmune diseases. Ann. N. Y. Acad. Sci. 840, 591-598.

Williams, R.O., Feldmann, M., Maini, R.N., 1992. Anti-
tumour necrosis factor ameliorates joint disease in murine
collagen-induced arthritis. Proc. Natl. Acad. Sci. USA 89,
9784-9788.

Wilson, A.G., di Giovine, F.S., Blakemore, A.LLF., Duff,
G.W., 1992. Single base polymorphism in the human
tumour necrosis factor alpha (TNF alpha) gene detectable
by Ncol restriction of PCR product. Hum. Mol. Gen. 1,
353.

Wilson, A.G., Symons, J.A., McDowell, T.L., McDevitt,
H.O., Duff, G.W., 1997. Effects of a polymorphism in the
human tumour necrosis factor alpha promoter on tran-
scriptional activation. Proc. Natl. Acad. Sci. USA 94,
3195-3199.

Wordsworth, P., Lanchbury, J.S.S., Sakkas, L.I., Welsh, K.I.,
Panayi, G.S., Bell, J.I., 1989. HLA-DR4 subtype frequen-
cies in rheumatoid arthritis indicate that DRb1 is the major
susceptibility locus within the HLA class II region. Proc.
Natl. Acad. Sci. USA 86, 10049-10053.

Wride, M.A., Sanders, E.J., 1995. Potential roles for tumour
necrosis factor alpha during embryonic development. Anat.
Embryil. (Berlin) 191, 1-10.



	Could single-nucleotide polymorphisms (SNPs) affecting the tumour �necrosis factor promoter be considered as part of rheumatoid arthritis �evolution?
	Introduction
	Rheumatoid arthritis
	The role of TNF in rheumatoid arthritis
	Historical records of rheumatoid arthritis
	Diverse factors contribute to the origin of rheumatoid arthritis
	SNPs the most abundant form of genetic variation
	TNF SNPs and rheumatoid arthritis
	An evolutionary immune adaptation could have led to autoimmunity
	Acknowledgments
	References


