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Cytokine Gene Polymorphism
and Host Susceptibility to Infection

Frank Stüber

1. INTRODUCTION
The individual susceptibility to infection of any organism is determined by a variety of factors
such as environmental conditions of the host, pathogenicity of infecting microbes, and the effectiveness of the host’s defense systems. The induction of specific immune responses such as antibodies
released by β-cells and effector T-cells directed against antigens of invading microbes rely on antigen-presenting cells such as macrophages and dendritic cells. These “smart weapons” guarantee the
elimination and clearance of antigens and invaders from the body without harming the host’s own
cellular and organ structure and function. In contrast, molecules as part of the evolutionary older
innate immune system like defensins or cytokines may prove to be harmful for the host if released in
excessive amounts into systemic circulation. On the other hand, low levels of these molecules locally
released at the site of infection may result in insufficient clearance of invading microbes.
The host’s inflammatory response to infection contributes as a main factor to morbidity and mortality in today’s intensive care units, and it displays a high interindividual variation (1) that is not
sufficiently explained by single factors such as gender (2). Comparable amounts of infectious units
of microbial organisms induce a wide range of severity of infectious diseases. The role of an
individual’s genetic background and predisposition to the extent of inflammatory responses is also
determined by genetic variants of endogenous mediators that constitute the pathways of endogenous
mediators of host responses to infection. Important candidate genes for host susceptibility to infection are cytokine genes.
Primary responses in inflammation are mediated by pro-inflammatory cytokines such as tumor
necrosis factor (TNF) and interleukin 1 (IL-1) (3). Recent evidence suggests that anti-inflammatory
mediators have important effects on the host’s immune system (4). Anti-inflammatory mediators
induce a state of immunosuppression in sepsis that has also been named “immunoparalysis” (5). Proinflammatory and anti-inflammatory responses contribute to the outcome of patients with systemic
inflammation and sepsis in humans. The genetically determined capacity of cytokine production and
release may contribute to a wide range of clinical manifestations of inflammatory disease: a patient
with peritonitis, for example, may present without symptoms of sepsis and recover within days or
may suffer from fulminant septic shock, resulting in death within hours.
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2. CYTOKINE GENE POLYMORPHISM: CANDIDATE GENES
2.1. Tumor Necrosis Factor
Primary proinflammatory cytokines like TNF and IL-1 induce secondary proinflammatory and
anti-inflammatory mediators like IL-6 and IL-10. They have been shown to contribute substantially
to the host’s primary response to infection. Both TNF and IL-1 are capable of inducing the same
symptoms and the same severity of septic shock and organ dysfunction as endotoxin in experimental
settings as well as in humans (6). Genetic variations in the TNF and IL-1 genes are of major interest
concerning genetically determined differences in the susceptibility and response to infection.
Tumor necrosis factor is considered one of the most important mediators of endotoxin induced
effects. Interindividual differences of TNF release have been described (7,8).
The TNF locus consists of three functional genes. TNF is positioned between lymphotoxin β
(LTβ) in the upstream direction and lymphotoxin α (LTα) in the downstream direction. Genomic
polymorphisms within in the TNF locus have been under intense investigation.
Genetic variation within the TNF locus is rare, as the TNF gene is well conserved throughout
evolution (9). Especially, the coding region is highly conserved.
The main interest has been focused on the genomic variations of the TNF locus: Biallelic polymorphisms defined by restriction enzymes (NcoI, AspHI) or other single base-changes (–308, –238)
as well as multiallelic microsatellites (TNFa–e) have been investigated in experimental in vitro studies and also in various diseases in which TNF is considered as an important or possible pathogen.
Functional importance for regulation of the TNF gene has been suggested for two polymorphisms
within the TNF promoter region. Single-base changes have been detected at positions –850, –376,
–308, and –238 (10–13). A G to A transition at position –308 has been associated with susceptibility
to cerebral malaria (14). These results could not be confirmed by another malaria study that showed
fewer fever episodes in heterozygous carriers of the allele TNF2 (15). In contrast, more recent findings link altered OCT-1 binding in the TNF promoter with susceptibility to severe malaria (11).
Further evidence for the association of quantitative cytokine responses with susceptibility to parasitemia has been reported very recently (16). Even susceptibility to Helicobacter pylori infection has
been examined and shows a correlation of the rare allele TNF2 of the –308 polymorphism with
infection with the cagA subtype in Korean patients with gastric disease (17). Studies linking TNF
genomic variability to the incidence or severity of viral hepatitis C infection or response to antiviral
therapy could not be confirmed by Rosen et al. (18), whereas allele TNF2 might display protective
effects in cytomegalovirus infection (19).
The rare allele TNF2 (A at position –308) was suggested to be linked to high TNF promoter
activity (14). Autoimmune diseases like diabetes mellitus or lupus erythematosus did not show differences of allele frequencies or genotype distribution between patients and controls (20,21). In addition, patients with severe sepsis and a high proportion of Gram-negative infection also did not display
altered allele frequencies concerning both biallelic promoter polymorphisms (positions –238 and –308)
(22). Analysis of the TNF promoter by means of reporter gene constructs revealed contradictory
results. A first report supposed a functional importance of the –308 G to A transition (14). Two
articles could not confirm differences of the TNF promoter activity in relation to the –308 polymorphism (22,23). A recent article reported a possible influence on TNF promoter activity by the –308 G
to A transition in a B-cell line (214). Data demonstrating an impact of this genomic polymorphism on
transcription are rather weak, as reports predominantly derive from one group (25) (see Table 1),
findings seem to be restricted to few cell lines, and impaired or enhanced binding of transcription
factors has not been shown. In addition, the difference in transcription rates in the responsive cell line
seems to require a specific stimulus (PMA plus retinoic acid) (26).
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Table 1
Actual Evidence that Association of TNF Polymorphisms with Gene Function is Weak
TNF promoter
polymorphisms

–238
–308
TNF locus polymorphisms
NcoI
TNFa–e microsatellites

Promoter
activity

Association with
Protein expression

Susceptibility
to infection

Uncertain
In B-Lymphocytes

Uncertain
In septic shock

Uncertain
Uncertain

Unknown
Unknown

In peritonitis
Uncertain

In trauma
Unknown

Studies trying to associate incidence or severity of infectious disease with TNF polymorphisms
have been published on a variety of pathogens. Positive associations of the biallelic TNF –308 as
well as LTα polymorphisms with susceptibility to mucocutaneous leishmaniasis and leprosy have
been reported (27,28).
Genotyping of this polymorphism in patients with severe sepsis or septic shock still shows controversial results. In contrast to the negative findings in sepsis are the results of two recent studies that
suggest an association of the rare allele TNF2 with nonsurvivors of septic shock (29,30). These publications again open the discussion about functionality of the –308 TNF promoter polymorphism and
its possible relevance for routine clinical use. In addition to the discussion about the relevance of
association, formal standards of genotyping techniques have to be established. Are there typing techniques like allele-specific amplification that imply overestimation or underestimation of certain alleles and genotypes?
In contrast to genomic variations located in the promoter region, intronic polymorphisms are more
difficult to associate with a possible functional relevance. Two biallelic polymorphisms located within
intron 1 of LTα have been studied in autoimmune disease (31,32). One polymorphism is characterized by the absence or presence of a NcoI restriction site. First reports demonstrated genomic blots
revealing characteristic 5.5- or 10.5-kb bands after genomic NcoI digest, which hybridize to TNFspecific probes (33). These bands correspond to presence and absence, respectively, of a NcoI restriction site within intron 1 of lymphotoxin α.
The allele TNFB2 of this NcoI polymorphism (10.5-kb band) has been shown to be associated
with high TNF release ex vivo (34). Other studies showed no differences between genotypes in other
models of ex vivo TNF induction, whereas another study suggests an increased LTα response in
TNFB2 homozygotes (8). The question of which genotype is clearly associated with a high proinflammatory response in the clinical situation of severe Gram-negative infection and severe sepsis
cannot yet be answered by ex vivo studies. Different conditions of cell culture and cytokine induction
contribute to differing results. In addition, the genomic NcoI polymorphism within intron 1 of the
LTα gene may represent a genomic marker without evidence for own functional importance in
gene regulation. This genomic marker may coincide with so far undetected genomic variations that are
responsible for genetic determination of a high proinflammatory responses to infection. Results from
studies in patients with severe intra-abdominal sepsis suggest TNFB2 homozygotes to be associated
with a high TNF response. In contrast, genotyping for another biallelic polymorphism within intron 1
of LTα (AspHI) did not show significant association to TNF plasma levels (data not shown).
Several studies in chronic inflammatory autoimmune diseases suggest an association between
TNFB2 and incidence or severity and outcome of the disease (31,32,35). Studies in acute inflammatory diseases like severe sepsis in patients in surgical intensive care units showed a correlation between
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TNFB2 homozygosity and mortality (22) or incidence of septic states in traumatized patients (36).
TNFB2 homozygotes displayed a relative risk of 2.9 of dying from severe sepsis when compared to
corresponding genotypes.

2.2. Interleukin-1
In addition to TNF, IL-1 is another potent proinflammatory cytokine released by macrophages in
the systemic inflammatory response. IL-1 is capable of inducing the symptoms of septic shock and
organ failure in animal models and is regarded as a primary mediator of the systemic inflammatory
response. Antagonizing IL-1 in endotoxin challenged animals including primates abrogates the lethal
effects of endotoxin (37). A biallelic TaqI polymorphism has been described within the coding region
(exon 5) of IL-1β (38,39) Despite the finding that a homozygous TaqI genotype correlates with high
IL-β secretion (38), genotyping of patients with severe sepsis did not reveal any association with
incidence or outcome of the disease. In contrast, the allele T of the IL-1BC-31T polymorphisms has
been linked to susceptibility to persistent H. pylori infection in Japanese patients following an eradication program (40).

2.3. Interleukin-1 Receptor Antagonist
Proinflammatory mediators comprise the hyperinflammatory side of the host’s response to infection. At the same time, anti-inflammatory mediators are induced by proinflammatory cytokines and
try to counterbalance the increased inflammatory activity. This physiologic process of limiting the
extent of inflammation by release of anti-inflammatory proteins may escape physiologic boundaries
of local and systemic concentrations of these mediators. Proteins like IL-4, IL-10, IL-11 or IL-13, or
IL-1ra contribute to a very powerful downregulation of cellular and humoral proinflammatory
activities. This downregulation results in decreased expression of class II molecules in antigen presenting cells as well as in low ex vivo responses of immuncompetent cells to inflammatory stimuli.
This state of imunosuppression has also been termed “immunoparalysis” (5). It results in a situation
of anergy and diminished capabilities of fighting infectious pathogens. A new term for this status,
which is a consequence of the systemic inflammatory response, is “compensatory anti-inflammatory
response syndrome” (CARS) (41). The outcome of patients with, for example, severe sepsis is not
only influenced by hyperinflammation in fulminant situations of progressing organ dysfunction but
may also be limited by immunosuppression and lack of restoration of immune function. In this view,
an overwhelming anti-inflammatory response with a possible genetic background of interindividual
differences in the release of anti-inflammatory mediators following infection contributes to the human
systemic inflammatory reaction to a similar extent as proinflammatory responses.
A genomic polymorphism of the anti-inflammatory cytokine IL-1ra is located within intron 2 and
consists of variable numbers of a tandem repeat (VNTR) of a 86-bp motif. This 86-bp motif contains
at least three known binding sites for DNA-binding proteins (42). Ex vivo experiments suggest that
higher IL-1ra responses combined with alleles containing low numbers of the 86-bp repeat. Ex vivo
studies also demonstrate a higher level of IL-1ra protein expression and protein release of A2 homozygous individuals compared to heterozygotes following stimulation with lipopolysaccharide (43).
The allele A2 has been associated with the incidence of autoimmune diseases like lupus erythematosus and insulin-dependent diabetes mellitus (44,45). In acute systemic inflammation, there is no
difference between surviving or nonsurviving patients with severe sepsis. This finding is in contrast
to the results concerning the biallelic NcoI polymorphism within intron 1 of LTα: Homozygotes for
the TNFB2 genotype revealed a high mortality when compared to heterozygotes and TNFB1 homozygotes. The overall group of patients with severe sepsis did not show an increase in the TNFB2
allele frequency. For the IL-1ra polymorphism, however, an increase of the allele A2 in the patients
with severe sepsis was detected. Patients carrying the haplotype TNFB2 homozygous and A2 homozygous did not survive in this study.
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Fig. 1. Comparison of allele frequencies of IL-10 promoter polymorphisms in nonsurvivors (n = 67) and
survivors (n = 63) with severe abdominal sepsis (p > 0.05).

Negative associations between IL-1ra polymorphisms and susceptibility to infection have been
suggested for vaginal mycoplasma colonization, cytomegalovirus and Epstein–Barr virus infection
as well as human immunodeficiency virus (HIV) reproductivity and hemorrhagic fever caused by a
hantavirus (see reviews in refs. 46,47).

3. FINDINGS IN OTHER CYTOKINE CANDIDATE GENES
Interleukin-10 shows well-defined haplotypic promoter variation. High IL-10 secretors presenting
with fever of unknown origin display an increased mortality rate (48), whereas susceptibility to severe
meningococcal disease as well as poor outcome seem to be linked to inherited high IL-10 secretion
and low TNF release in a family study testing ex vivo cytokine inducibility (49). IL-10 promoter
genotypes could not be associated with incidence or outcome of severe abdominal sepsis (Fig. 1).
In viral infections, IL10-1082 promoter polymorphism has been associated with susceptibility to
chronic hepatitis C infection and resistance to antiviral therapy (50). Another publication suggests
that high IL-10 secretion indicated by the –1082 polymorphism or the promoter haplotype defined by
single nucleotide polymorphisms at positions –1082, –819, and –592 protects against Epstein–Barr
virus infection (51,52).
Interestingly, another cytokine promoter polymorphism, interleukin-8-251A, has been associated
with high IL-8 release and, possibly because of the IL-8 proinflammatory profile, also associated
with the incidence of virus bronchiolitis in an excellent family-based study (53).
Other results show that lipopolysaccharide (LPS)-binding protein may contribute to susceptibility
to severe sepsis (54), as suggested in a study also investigating the effects of gender. Genomic variability in chemokine genes have been demonstrated to influence the course of HIV infection (55–57).

4. SIGNAL TRANSDUCTION PATHWAYS
IN INFECTION INDUCING CYTOKINES
Transduction of the LPS signal into the cell has been an unknown mechanism until recently. An
analogon of the so-called Toll-like receptor in Drosophila species that transduces signals for the
elaboration of innate immune responses in flies directed against bacteria and fungi has been identified in mice and other species (58). A single-basepair change resulting in an amino acid change of the
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murine Toll-like receptor 4 (TLR4) renders the extensively studied mouse strain CH3/HeJ highly
resistant to LPS challenge (59). Ten Toll-like receptors (TLR1–10) (60) have been identified in mammals so far. TLR2 has been identified to transduce peptidoglycan stimulation by Gram-positive organisms (61–63). In contrast, TLR4 seems to play a key role in the LPS-induced signaling pathway.
TLR9 transduces inflammatory effects of bacterial DNA.
The presence of a functional TLR4 gene and gene product appears to be one of several determinants of outcome in Gram-negative infection. A first preliminary report suggests that a rare
Arg753Gln mutation might render patients with sepsis susceptible to staphylococcal infection (64).
Another rare Arg677Trp variation of TLR2 has been linked to susceptibility to lepromatous leprosy
(65). Studies to test the association of the rare TLR4 variations with incidence and course of infectious disease are ongoing (66,67).

5. CONCLUSION
Uncovering and understanding the genetic determination of the susceptibility to infection offers
the chance of developing valuable diagnostic tools and new therapeutic approaches in severe sepsis.
Evaluation of candidate genomic markers for risk stratification of individuals at high risk of developing infectious disease has just begun. Many candidate genes still have to be studied and clinical
significance of genomic markers will be tested. In addition, this new approach may prove to be a
valuable inclusion criterion for studies testing the prevention of infectious diseases in subpopulations
known to be at high risk because of genomic predisposition. Most studies so far include rather small
numbers of individuals and are in danger of being statistically underpowered and lack quality control
of genotyping. New study designs will provide the scientific community with adequately powered
studies, well-established concepts of genetic epidemiology, and quality control criteria of genotyping.
These designs will include the determination of the genomic background variability in a given population to control for false-positive association (concept of genomic controls). Technical progress will
allow researchers to step beyond candidate gene approaches and scan the genome to discover previously unnoticed loci of interest. Extension of single genomic marker analysis to haplotype analyses
including functionally relevant alleles may reveal the highest informativity and diagnostic relevance
even before the era of widely available genomic scans.

REFERENCES
1. Sasse, K.C., Nauenberg, E., Long, A., Anton, B., Tucker, H. J., and Hu, T.W. (1995) Long-term survival after intensive
care unit admission with sepsis. Crit. Care. Med. 23, 1040–1047.
2. Schlegel, R.J. and Bellanti, J.A. (1969) Increased susceptibility of males to infection. Lancet 2, 826–827.
3. Blackwell, T.S. and Christman, J.W. (1996) Sepsis and cytokines: current status. Br. J. Anaesth. 77, 110–117.
4. van der Poll, T., de Waal Malefyt, R., Coyle, S.M., and Lowry, S.F. (1997) Anti-inflammatory cytokine responses
during clinical sepsis and experimental endotoxemia: sequential measurements of plasma soluble interleukin (IL)-1
receptor type II, IL-10, and IL-13. J. Infect. Dis. 175, 118–122.
5. Volk, H. D., Reinke, P., Krausch, D., Zuckermann, H., Asadullah, K., Muller, J. M., et al. (1996) Monocyte deactivation—rationale for a new therapeutic strategy in sepsis. Intens Care Med. 22 (Suppl 4), S474–481.
6. Weinberg, J.R., Boyle, P., Meager, A., and Guz, A. (1992) Lipopolysaccharide, tumor necrosis factor, and interleukin1 interact to cause hypotension. [see comments]. J. Lab. Clin. Med. 120, 205–211.
7. Westendorp, R.G., Langermans, J.A., Huizinga, T.W., Elouali, A.H., Verweij, C.L., Boomsma, D.I., et al. (1997) Genetic influence on cytokine production and fatal meningococcal disease. [see comments]. Lancet 349, 170–173.
8. Whichelow, C.E., Hitman, G.A., Raafat, I., Bottazzo, G. F., and Sachs, J.A. (1996) The effect of TNF*B gene polymorphism on TNF-alpha and -beta secretion levels in patients with insulin-dependent diabetes mellitus and healthy controls. Eur. J. Immunogenet. 23, 425–435.
9. Gray, P.W., Aggarwal, B.B., Benton, C.V., Bringman, T.S., Henzel, W.J., Jarrett, J.A., et al. (1984) Cloning and expression of cDNA for human lymphotoxin, a lymphokine with tumour necrosis activity. Nature 312, 721–724.
10. Kato, T., Honda, M., Kuwata, S., Juji, T., Kunugi, H., Nanko, S., et al. (1999) Novel polymorphism in the promoter
region of the tumor necrosis factor alpha gene: No association with narcolepsy. Am J. Med. Genet. 88, 301–304.
11. Knight, J.C., Udalova, I., Hill, A.V., Greenwood, B.M., Peshu, N., Marsh, K., et al. (1999) A polymorphism that affects
OCT-1 binding to the TNF promoter region is associated with severe malaria. [see comments]. Nat. Genet. 22, 145–150.
12. Wilson, A.G., di Giovine, F.S., Blakemore, A.I., and Duff, G.W. (1992) Single base polymorphism in the human
tumour necrosis factor alpha (TNF alpha) gene detectable by NcoI restriction of PCR product. Hum. Mol. Genet. 1, 353.

Cytokine Gene Polymorphism and Infection

29

13. Brinkman, B.M., Huizinga, T.W., Kurban, S.S., van der Velde, E.A., Schreuder, G.M., Hazes, J.M., et al. (1997) Tumour necrosis factor alpha gene polymorphisms in rheumatoid arthritis: association with susceptibility to, or severity
of, disease? Br. J. Rheumatol. 36, 516–521.
14. McGuire, W., Hill, A. V., Allsopp, C.E., Greenwood, B.M., and Kwiatkowski, D. (1994) Variation in the TNF-alpha
promoter region associated with susceptibility to cerebral malaria. Nature 371, 508–510.
15. Stirnadel, H.A., Stockle, M., Felger, I., Smith, T., Tanner, M., and Beck, H.P. (1999) Malaria infection and morbidity
in infants in relation to genetic polymorphisms in Tanzania. Trop. Med. Int. Health 4, 187–193.
16. Dodoo, D., Omer, F.M., Todd, J., Akanmori, B.D., Koram, K.A., and Riley, E.M. (2002) Absolute levels and ratios of
pro-inflammatory and anti-inflammatory cytokine production in vitro predict clinical immunity to plasmodium
falciparum malaria. J. Infect. Dis. 185, 971–979.
17. Yea, S.S., Yang, Y.I., Jang, W.H., Lee, Y.J., Bae, H.S., and Paik, K.H. (2001) Association between TNF-alpha promoter polymorphism and Helicobacter pylori cagA subtype infection. J. Clin. Pathol. 54, 703–706.
18. Rosen, H.R., McHutchison, J.G., Conrad, A.J., Lentz, J.J., Marousek, G., Rose, S.L., et al. (2002) Tumor necrosis
factor genetic polymorphisms and response to antiviral therapy in patients with chronic hepatitis C. Am. J.
Gastroenterol. 97, 714–720.
19. Hurme, M. and Helminen, M. (1998) Resistance to human cytomegalovirus infection may be influenced by genetic
polymorphisms of the tumour necrosis factor-alpha and interleukin-1 receptor antagonist genes. Scand. J. Infect. Dis.
30, 447–449.
20. Pociot, F., Wilson, A.G., Nerup, J., and Duff, G.W. (1993) No independent association between a tumor necrosis
factor-alpha promotor region polymorphism and insulin-dependent diabetes mellitus. Eur. J. Immunol. 23, 3050–3053.
21. Wilson, A.G., Gordon, C., di Giovine, F.S., de Vries, N., van de Putte, L.B., Emery, P., et al. (1994) A genetic association between systemic lupus erythematosus and tumor necrosis factor alpha. Eur. J. Immunol. 24, 191–195.
22. Stuber, F., Udalova, I.A., Book, M., Drutskaya, L.N., Kuprash, D.V., Turetskaya, R. L., et al. (1995) –308 tumor
necrosis factor (TNF) polymorphism is not associated with survival in severe sepsis and is unrelated to lipopolysaccharide inducibility of the human TNF promoter. [see comments]. J. Inflamm. 46, 42–50.
23. Brinkman, B.M., Zuijdeest, D., Kaijzel, E.L., Breedveld, F.C., and Verweij, C.L. (1995) Relevance of the tumor necrosis factor alpha (TNF alpha) –308 promoter polymorphism in TNF alpha gene regulation. [see comments]. J. Inflamm.
46, 32–41.
24. Wilson, A.G., Symons, J.A., McDowell, T.L., McDevitt, H.O., and Duff, G.W. (1997) Effects of a polymorphism in the
human tumor necrosis factor alpha promoter on transcriptional activation. Proc. Natl. Acad. Sci. USA 94, 3195–3199.
25. Abraham, L.J. and Kroeger, K.M. (1999) Impact of the –308 TNF promoter polymorphism on the transcriptional regulation of the TNF gene: relevance to disease. J. Leukoc. Biol. 66, 562–566.
26. Kroeger, K.M., Steer, J.H., Joyce, D.A., and Abraham, L.J. (2000) Effects of stimulus and cell type on the expression of
the –308 tumour necrosis factor promoter polymorphism. Cytokine 12, 110–119.
27. Cabrera, M., Shaw, M.A., Sharples, C., Williams, H., Castes, M., Convit, J., et al. (1995) Polymorphism in tumor
necrosis factor genes associated with mucocutaneous leishmaniasis. J. Exp. Med. 182,1259–1264.
28. Knight, J.C. and Kwiatkowski, D. (1999) Inherited variability of tumor necrosis factor production and susceptibility to
infectious disease. Proc Assoc Am Physicians. 111, 290–298.
29. Mira, J.P., Cariou, A., Grall, F., Delclaux, C., Losser, M.R., Heshmati, F., et al. (1999) Association of TNF2, a TNFalpha promoter polymorphism, with septic shock susceptibility and mortality: a multicenter study. [see comments].
JAMA 282, 561–568.
30. Tang, G.J., Huang, S.L., Yien, H.W., Chen, W.S., Chi, C.W., Wu, C.W., et al. (2000) Tumor necrosis factor gene
polymorphism and septic shock in surgical infection. [in process citation]. Crit. Care Med. 28, 2733–2736.
31. Pociot, F., Molvig, J., Wogensen, L., Worsaae, H., Dalboge, H., Baek, L., et al. (1991) A tumour necrosis factor beta
gene polymorphism in relation to monokine secretion and insulin-dependent diabetes mellitus. Scand. J. Immunol. 33,
37–49.
32. Bettinotti, M.P., Hartung, K., Deicher, H., Messer, G., Keller, E., Weiss, E.H., et al. (1993) Polymorphism of the tumor
necrosis factor beta gene in systemic lupus erythematosus: TNFB-MHC haplotypes. Immunogenetics 37, 449–454.
33. Badenhoop, K., Schwarz, G., Trowsdale, J., Lewis,V., Usadel, K.H., Gale, E.A., et al. (1989) TNF-alpha gene polymorphisms in type 1 (insulin-dependent) diabetes mellitus. Diabetologia 32, 445–448.
34. Pociot, F., Briant, L., Jongeneel, C.V., Molvig, J., Worsaae, H., Abbal, M., et al. (1993) Association of tumor necrosis
factor (TNF) and class II major histocompatibility complex alleles with the secretion of TNF- alpha and TNF-beta by
human mononuclear cells: a possible link to insulin- dependent diabetes mellitus. Eur. J. Immunol. 23, 224–231.
35. Vinasco, J., Beraun, Y., Nieto, A., Fraile, A., Mataran, L., Pareja, E., et al. (1997) Polymorphism at the TNF loci in
rheumatoid arthritis. Tissue Antigens 49, 74–78.
36. Majetschak, M., Flohe, S., Obertacke, U., Schroder, J., Staubach, K., Nast, Kolb D., et al. (1999) Relation of a TNF
gene polymorphism to severe sepsis in trauma patients. Ann Surg 230, 207–214.
37. Boermeester, M.A., Van Leeuwen, P.A., Coyle, S.M., Wolbink, G.J., Hack, C.E., and Lowry, S.F. (1995) Interleukin1 blockade attenuates mediator release and dysregulation of the hemostatic mechanism during human sepsis. Arch.
Surg. 130, 739–748.
38. Pociot, F., Molvig, J., Wogensen, L., Worsaae, H., and Nerup, J. (1992) A TaqI polymorphism in the human interleukin1 beta (IL-1 beta) gene correlates with IL-1 beta secretion in vitro. Eur. J. Clin. Invest. 22, 396–402.

30

Stüber

39. Guasch, J.F., Bertina, R.M., and Reitsma, P.H. (1996). Five novel intragenic dimorphisms in the human interleukin-1
genes combine to high informativity. Cytokine 8, 598–602.
40. Hamajima, N., Matsuo, K., Saito, T., Tajima, K., Okuma, K., Yamao, K., et al. (2001) Interleukin 1 polymorphisms,
lifestyle factors, and Helicobacter pylori infection. Jpn. J. Cancer Res. 92, 383–389.
41. Bone, R.C. (1996) Sir Isaac Newton, sepsis, SIRS, and CARS. Crit. Care. Med. 24, 1125–1128.
42. Tarlow, J.K., Blakemore, A.I., Lennard, A., Solari, R., Hughes, H.N., Steinkasserer, A., et al. (1993) Polymorphism in
human IL-1 receptor antagonist gene intron 2 is caused by variable numbers of an 86-bp tandem repeat. Hum. Genet.
91, 403–404.
43. Danis, V.A., Millington, M., Hyland, V.J., and Grennan, D. (1995) Cytokine production by normal human monocytes:
inter-subject variation and relationship to an IL-1 receptor antagonist (IL- 1Ra) gene polymorphism. Clin. Exp. Immunol.
99, 303–310.
44. Blakemore, A.I., Tarlow, J.K., Cork, M.J., Gordon, C., Emery, P., and Duff, G.W. (1994) Interleukin-1 receptor antagonist gene polymorphism as a disease severity factor in systemic lupus erythematosus. Arthritis. Rheum. 37, 1380–1385.
45. Metcalfe, K.A., Hitman, G.A., Pociot, F., Bergholdt, R., Tuomilehto-Wolf, E., Tuomilehto, J., et al. (1996) An association between type 1 diabetes and the interleukin-1 receptor type 1 gene. The DiMe Study Group. Childhood Diabetes in
Finland. Hum. Immunol. 51, 41–48.
46. Witkin, S.S., Gerber, S., and Ledger, W.J. (2002) Influence of interleukin-1 receptor antagonist gene polymorphism on
disease. Clin. Infect. Dis. 34 204–209.
47. Makela, S., Hurme, M., Ala-Houhala, I., Mustonen, J., Koivisto, A.M., Partanen, J., et al. (2001) Polymorphism of the
cytokine genes in hospitalized patients with Puumala hantavirus infection. Nephrol. Dial. Transplant. 16, 1368–1373.
48. van-Dissel, J.T., van-Langevelde, P., Westendorp, R.G., Kwappenberg, K., and Frolich, M. (1998) Anti-inflammatory
cytokine profile and mortality in febrile patients. [see comments]. Lancet 351, 950–953.
49. Westendorp, R.G., Langermans, J.A., Huizinga, T.W., Elouali, A.H., Verweij, C.L., Boomsma, D.I., et al. (1997) Genetic influence on cytokine production and fatal meningococcal disease [published erratum appears in Lancet 1997,
349(9052) :656]. [see comments]. Lancet 349, 170–173.
50. Vidigal, P.G., Germer, J.J., and Zein, N.N. (2002) Polymorphisms in the interleukin-10, tumor necrosis factor-alpha,
and transforming growth factor-beta1 genes in chronic hepatitis C patients treated with interferon and ribavirin. J.
Hepatol. 36, 271–277.
51. Helminen, M., Lahdenpohja, N., and Hurme, M. (1999) Polymorphism of the interleukin-10 gene is associated with
susceptibility to Epstein–Barr virus infection. J. Infect. Dis. 180, 496–499.
52. Helminen, M.E., Kilpinen, S., Virta, M., and Hurme, M. (2001) Susceptibility to primary Epstein-Barr virus infection
is associated with interleukin-10 gene promoter polymorphism. J. Infect. Dis. 184, 777–780.
53. Hull, J., Thomson, A., and Kwiatkowski, D. (2000) Association of respiratory syncytial virus bronchiolitis with the
interleukin 8 gene region in UK families. Thorax 55, 1023–1027.
54. Hubacek, J. A., Stuber, F., Frohlich, D., Book, M., Wetegrove, S., Ritter, M., et al. (2001) Gene variants of the bactericidal/permeability increasing protein and lipopolysaccharide binding protein in sepsis patients: gender-specific genetic predisposition to sepsis. Crit Care Med. 29, 557–561.
55. Alvarez, V., Lopez-Larrea, C., and Coto, E. (1998) Mutational analysis of the CCR5 and CXCR4 genes (HIV-1
co-receptors) in resistance to HIV-1 infection and AIDS development among intravenous drug users. Hum. Genet.
102, 483–486.
56. McDermott, D.H., Beecroft, M.J., Kleeberger, C.A., Al Sharif, F.M., Ollier, W.E., Zimmerman, P.A., et al. (2000)
Chemokine RANTES promoter polymorphism affects risk of both HIV infection and disease progression in the
Multicenter AIDS Cohort Study. AIDS 14, 2671–2678.
57. Gonzalez, E., Dhanda, R., Bamshad, M., Mummidi, S., Geevarghese, R., Catano, G., et al. (2001) Global survey of
genetic variation in CCR5, RANTES, and MIP-1alpha: impact on the epidemiology of the HIV-1 pandemic. Proc. Natl.
Acad. Sci. USA 98, 5199–5204.
58. Janeway-CA, Jr and Medzhitov, R. (1999) Lipoproteins take their toll on the host. Curr. Biol. 9, R879–R882.
59. Poltorak, A., He, X., Smirnova, I., Liu, M.Y., Huffel, C.V., Du, X., et al. (1998) Defective LPS signaling in C3H/HeJ
and C57BL/10ScCr mice: mutations in Tlr4 gene. Science 282, 2085–2088.
60. Takeuchi, O., Kawai, T., Sanjo, H., Copeland, N.G., Gilbert, D.J., Jenkins, N.A., et al. (1999) TLR6: A novel member
of an expanding toll-like receptor family. Gene 231, 59–65.
61. Schwandner, R., Dziarski, R., Wesche, H., Rothe, M., and Kirschning, C.J. (1999) Peptidoglycan- and lipoteichoic
acid-induced cell activation is mediated by toll-like receptor 2. J. Biol. Chem. 274, 17,406–17,409.
62. Yoshimura, A., Lien, E., Ingalls, R.R., Tuomanen, E., Dziarski, R., and Golenbock, D., et al. (1999) Cutting edge:
recognition of Gram-positive bacterial cell wall components by the innate immune system occurs via Toll-like receptor
2. J. Immunol. 163, 1–5.
63. Takeuchi, O., Kaufmann, A., Grote, K., Kawai, T., Hoshino, K., Morr, M., et al. (2000) Cutting edge: preferentially the
R-stereoisomer of the mycoplasmal lipopeptide macrophage-activating lipopeptide-2 activates immune cells through a
toll-like receptor 2- and MyD88-dependent signaling pathway. J. Immunol. 164, 554–557.
64. Lorenz, E., Mira, J.P., Cornish, K.L., Arbour, N.C., and Schwartz, D.A. (2000) A novel polymorphism in the toll-like
receptor 2 gene and its potential association with staphylococcal infection. Infect. Immun. 68, 6398–6401.
65. Kang, T.J. and Chae, G.T. (2001) Detection of Toll-like receptor 2 (TLR2) mutation in the lepromatous leprosy patients. FEMS Immunol. Med. Microbiol. 31, 53–58.
66. Smirnova, I., Hamblin, M.T., McBride, C., Beutler, B., and Di Rienzo, A. (2001) Excess of rare amino acid polymorphisms in the Toll-like receptor 4 in humans. Genetics 158, 1657–1664.
67. Read, R.C., Pullin, J., Gregory, S., Borrow, R., Kaczmarski, E.B., di Giovine, F.S., et al. (2001) A functional polymorphism of toll-like receptor 4 is not associated with likelihood or severity of meningococcal disease. J. Infect. Dis. 184,
640–642.

http://www.springer.com/978-0-89603-908-7

