Autoimmunity and Tuberculosis. Opposite Association
with TNF Polymorphism
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ABSTRACT. Objective. To examine the influence of the —308 and —238 single nucleotide polymorphisms (SNP)
of tumor necrosis factor-o gene (TNF) on patients with systemic lupus erythematosus (SLE),
rheumatoid arthritis (RA), primary Sjogren’s syndrome (SS), and tuberculosis (TB).

Methods. Genomic DNA from patients with RA (n = 165), SLE (n = 100), primary SS (n = 67), and
TB (n = 135) and ethnically matched controls (n = 430) was genotyped for TNF =308 and —238 SNP
by PCR-RFLP.

Results. TNF —308A allele was associated with RA (odds ratio, OR 1.8, p = 0.002), SLE (OR 2.6, p
< 0.0001), and primary SS (OR 2.9, p < 0.0001). TNF 308G was associated with TB (OR 1.8, p =
0.02). The —308 GG genotype was protective for autoimmunity (p < 0.003). TNF —238A allele was
protective for autoimmunity but represented a susceptibility factor for TB (OR 2.2, p < 0.0001).
Haplotype —308 A—238G was a protective factor against TB, whereas it carried susceptibility for RA,
SLE, and primary SS (p < 0.0001).

Conclusion. The results show an opposite association of TNF polymorphism with autoimmunity and
TB, and suggest the existence of heterozygote advantage, sustaining the hypothesis that autoimmune
diseases are a consequence of natural selection for enhanced TB resistance. Data also provide genet-
ic evidence supporting the common variants/multiple disease hypothesis, which emphasizes that
many disease genes may not be disease-specific, and that similar immunogenetic mechanisms under-

lie autoimmune diseases. (J Rheumatol 2005;32:219-24)
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Tumor necrosis factor-a (TNF-a) is a pleotropic cytokine
produced largely by macrophages and T cells'. TNF-a is
synthesized as a 26 kDa membrane protein that is cleaved to
produce its soluble 17 kDa form. TNF-a exerts a range of
inflammatory and immunomodulatory activities that are
important in host defense. TNF-a has been implicated in the
pathogenesis of autoimmune diseases including rheumatoid
arthritis (RA)2, systemic lupus erythematosus (SLE)3, and
primary Sjogren’s syndrome (SS)*. In addition, TNF-a. par-
ticipates in the physiopathology of several infectious dis-
eases such as tuberculosis (TB), where it plays an important

role in the formation and maintenance of the granuloma2.

From the Cellular Biology and Immunogenetics Unit, Corporacion para
Investigaciones Biologicas (CIB), Medellin; and Rheumatology Unit,
Clinica Universitaria Bolivariana, School of Medicine, Universidad
Pontificia Bolivariana (UPB), Medellin, Colombia.

Supported by Colciencias (22130412672 ) and the Asociacion Colombiana
de Reumatologia, Bogotd, Colombia.

P.A. Correa, MSc, Assistant Researcher, Cellular Biology and
Immunogenetics Unit, CIB, Assistant Professor, School of Medicine, UPB;
L.M. Gomez, VD, Assistant Researcher, Cellular Biology and
Immunogenetics Unit, CIB; J. Cadena, MD, Young Investigator, Cellular
Biology and Immunogenetics Unit, CIB; J-M. Anaya, MD, Researcher,
Cellular Biology and Immunogenetics Unit, CIB, Professor of Medicine,
School of Medicine, UPB.

Address reprint requests to Dr. J-M. Anaya, Corporacioén para
Investigaciones Biologicas, Cra. 72-A No 78-B-141, Medellin, Colombia.
E-mail address: janaya@cib.org.co

Submitted December 3, 2003, revision accepted September 29, 2004.

RHEUMATOID ARTHRITIS
SIOGREN’S SYNDROME

TUBERCULOSIS
AUTOIMMUNITY

Anti-TNF-a. therapy has been a breakthrough in the man-
agement of RAS; however, its use appears to promote reac-
tivation and/or acquisition of TB”.

The TNF-a gene (TNF) is located within the class III
region of the major histocompatibility complex (MHC) on
chromosome 6 (6p21.31), and is highly polymorphic®. Five
microsatellites and numerous single nucleotide polymor-
phisms (SNP) in the TNF promoter have been described,
some of which may regulate TNF-o. expression. Two of
these SNP represent a guanine to adenine transition at posi-
tions —238 and —-308; they have been examined in both
autoimmune disease and TB, yielding diverse results, main-
ly due to differences in the origin of the studied populations,
linkage disequilibrium with other MHC genes, or insuffi-
cient sample size®?.

Given that TNF polymorphism may vary among popula-
tions'?, that such polymorphism might be associated with
some autoimmune diseases®, and noting that the cytokine
also plays an important role in TB>, a disease favored by the
use of TNF-a blockers’, we evaluated TNF —238 and —308
SNP simultaneously in patients with SLE, RA, primary SS,
and TB, all in subjects of the same ethnic group.

MATERIALS AND METHODS

Study population. We analyzed 165 consecutive patients with RA, 100
with SLE!2, 67 with primary SS'3, and 135 with pulmonary TB. There were
145 women and 20 men with RA; their mean age + standard deviation was
46 £ 12.7 years, mean duration of disease was 6 + 5.5 years, and rheuma-
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toid factor (RF) test was positive in 85%. There were 98 women and one
man with SLE; their mean age was 37 £ 11 years, mean duration of disease
was 6.3 + 0.7 years, and antinuclear antibodies and anti-DNA antibodies
were positive in 98% and 60%, respectively. All patients with primary SS
were women, mean age 49 £ 13 years, with mean duration of disease 6.9 +
5.6 years. Clinical and immunological characteristics of these patients were
similar to those previously reported'#17; however, they were not consid-
ered in this report. None of these patients had previous or current evidence
of TB from clinical history and chest radiograph. Since Colombia is an
intermediate endemic area for TB and the tuberculin test is not useful for
TB diagnosis in our population, we do not systematically apply it.

There were 118 women and 17 men with TB, and they were enrolled
for the study at time of treatment for their disease. Their mean age was 40
+ 16 years. TB was diagnosed by the presence of alcohol acid-resistant
bacilli in sputum or by isolation of M. tuberculosis in culture. In all cases,
patients with TB were negative for human immunodeficiency virus (HIV)
infection. Patients with autoimmune rheumatic diseases were seen in the
Rheumatology Unit at the Clinica Universitaria Bolivariana, and those with
TB were seen in the La Maria Hospital, Medellin.

Controls were represented by 430 persons with no inflammatory,
autoimmune disease or history of chronic infectious disease, including TB
and HIV infection; they were matched to patients by sex, ethnicity, and
socioeconomic status and were unrelated to the patients. Their mean age
was 49 £ 15 years. This research was conducted in compliance with
Resolution 008430 of 1993 of the Ministry of Health of Colombia, and was
classified as research with minimal risk. The local Ethics Committee
approved the study.

Genotyping for TNF polymorphism. Genomic DNA was extracted from 10
ml of EDTA-anticoagulated blood sample using the standard salting-out
technique. Genotyping for the TNF SNP at —238 and —308 was by poly-
merase chain reaction (PCR) on a Bio-Rad thermal cycler iCycler (Bio-
Rad, Hertfordshire, UK). For detection of alleles, PCR was followed by
restriction enzyme digestion. The TNF —308 polymorphism was analyzed
using the restriction fragment length polymorphism (RFLP) method as
described!8. Briefly, a 107 bp fragment was amplified with forward primer
5’AGG CAATAG GTT TTG AGG GCC AT 3’ and reverse primer 5’ TCC
TCC CTG CTC CGA TTC 3’ (Invitrogen Life Technologies, Frederick,
MD, USA). The PCR conditions were as follows: 5 min at 94°C, followed
by 35 cycles of 30 s at 94°C, 1 min at 60°C and 1 min at 72°C. A final
extension was performed at 72°C for 10 min. PCR products were digested
by incubation with Ncol enzyme (Promega, Bogotd, Colombia) at 37°C for
12 h. The polymorphism at position —238 of the TNF promoter was defined
using the PCR-RFLP developed by Gallagher, et al'®. Primers were
designed to amplify a 192 bp product as follows: forward primer 5’TTC
CTG CAT CCT GTC TGG AAG TAA GAA 3’ and reverse primer 5° AGG
ATA CCC CTC ACA CTC CCC ATC CTC CCG GAT C 3’ (Invitrogen).
The PCR conditions for —238 SNP were similar to those described for TNF
—308 SNP. PCR products were digested by incubation with BamHI enzyme
(Promega) at 37°C for 2 h. The restriction fragments (87 bp and 20 bp for
—308G and 107 bp for —308A; 164 bp and 28 bp for —238G; and 192 bp for
—238A) were analyzed on an ethidium-bromide stained 3% agarose gel
(Seakem LE Agarose, BioWhittaker, Rockland, ME, USA). Positive and
negative controls were included with each batch of samples.

Statistical analysis. Data were managed using SPSS (V9.05 for Windows;
SPSS, Chicago, IL, USA). Hardy-Weinberg equilibrium testing and linkage
disequilibrium testing were performed using Arlequin software?’ as
described!®. Allele and haplotype frequencies were calculated by direct
counting. Differences between allele and genotype frequencies were deter-
mined by chi-square and Fisher’s exact test as appropriate. Crude odds ratios
(OR) as estimates of the relative risk were calculated with 95% confidence
intervals (CI). A p value < 0.05 was considered statistically significant.

RESULTS
Allelic and genotype frequencies corresponding to —308

SNP are shown in Tables 1 and 2, and those for —238 SNP
in Tables 3 and 4. TNF GG —308 homozygosis was shown
to be a protective factor for RA, SLE, and primary SS, but a
risk factor for TB (Table 1). The —308A allele (TNF2) was
associated with RA, SLE, and primary SS, whereas the
—308G allele (TNF1) was associated with TB (OR 1.8, 95%
CI 1.10-3.0, p = 0.02; Table 2). When the group of patients
with autoimmune disease was compared to those with TB, a
stronger association between TNF2 and autoimmunity was
found in comparison to the control group (OR > 3, p <
0.0001). Similarly, the protective role of TNF1 was stronger
in autoimmune disorders than in the TB group (OR < 0.3, p
< 0.0001).

By contrast, TNF GA —238 heterozygosis was a protec-
tive factor for RA, SLE, and primary SS, but was a risk fac-
tor for TB (Table 3). TNF —238A was associated with pres-
ence of TB but was a protective factor for RA, SLE, and pri-
mary SS (Table 4).

In the control group, heterozygosis in proportions of 20%
and 22% was found for the —308 and —238 SNP, respective-
ly. With the exception of primary SS and SLE, all patient
populations and controls were in Hardy-Weinberg equilibri-
um. There were no significant differences between alleles
and genotypes when men and women were compared.

Haplotype TNF -308A-238G was a risk factor for RA,
SLE, and primary SS, but was a protective factor for TB
(Table 5). Most of the patients with primary SS and RA had
been previously examined for HLA-DRBI1 polymor-
phism!>16. Analysis of these patients showed no linkage
disequilibrium between TNF —308 and —238 SNP and HLA-
DRBI1 (by likelihood-ratio test, with empirical distribution
by permutation!6-20),

DISCUSSION

We simultaneously examined 7NF -308 and —238 single
nucleotide polymorphisms in patients with autoimmune
rheumatic diseases and TB, as well as in clinically healthy
individuals, all from the same ethnic group. Our data reveal
important results. First, they show an opposite association of
the TNF polymorphism with autoimmunity and TB. TNF
—308A-238G haplotype was shown to be a risk factor for
autoimmunity (SLE, RA, and primary SS), but conferred
protection to TB (Table 5). Second, our data suggest the
occurrence of an overdominant selection in our population
(a heterozygote advantage), in which heterozygotes for a
specific allele (-308A) are resistant to one disease (TB) but
susceptible to another (autoimmunity; Table 2), providing a
genetic insight into the inverse relationship between occur-
rence of TB and autoimmune diseases (i.e., RA)Z1:22,
Natural selection for resistance to a pathogen can lead to
increase in the frequency of alleles that are otherwise dele-
terious23. If protection from infection is a stronger selective
force than the negatively selected phenotype, the deleterious
allele will accumulate in the population as long as the infec-
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Table 1. Genotype frequencies of the TNF —308 SNP. Comparisons were done between each patient group and
healthy controls.

Genotype RA, SLE, Primary SS, TB, Controls,
n=165 n =100 n=67 n=135 n =430
GG, n (%) 109 (66)* 53 32 48)F 118 (87)7f 338 (78)
AA, n (%) 4(2) 2 1(1) 1(1) 5(1)
GA, n (%) 52 (32) 45 34 (51) 16 (12) 87 (20)

* OR 0.53, 95% CI 0.35-0.78, p = 0.002. ** OR 0.30, 95% CI 0.19-0.48, p < 0.0001. ¥ OR 0.25, 95% CI
0.15-0.42, p < 0.0001. ¥ OR 1.9, 95% CT 1.10-3.30, p = 0.02.

Table 2. Allele frequencies of the TNF —308 SNP. Comparisons were done between each patient group and
healthy controls.

Allele RA, SLE, Primary SS, TB, Controls,
n =330 n =200 n=134 n =270 n = 860

G, n (%) 270 (82) 151 (76) 98 (73) 252 (93) 763 (89)

A, n (%) 60 (18)* 49 (24)%* 36 27)F 18 (7)ff 97 (11)

*OR 1.8,95% CI 1.26-2.54, p = 0.002. ** OR 2.6, 95% CI 1.77-3.83, p < 0.0001. ¥ OR 2.9, 95% CI 1.90-4.57,
p < 0.0001. ¥ OR 0.6, 95% CI 0.34-0.93, p 0.03.

Table 3. Genotype frequencies of the TNF —238 SNP. Comparisons were done between each patient group and
healthy controls.

Genotype RA, SLE, Primary SS, TB, Controls,
n=165 n =100 n=67 n=135 n =430
GG, n (%) 165 (100) 99 67 (100) 75 (56) 333 (77)
AA, n 0 0 0 0 1
GA, n (%) 0% ]k of 60 (44)" 96 (22)

* OR 0.01, 95% CI 0-0.16, p < 0.0001. ** OR 0.04, 95% CI 0-0.26, p < 0.0001. T OR 0.03, 95% CI 0-0.41,
p <0.0001. ¥ OR 2.8, 95% CI 1.85-4.19, p < 0.0001.

Table 4. Allele frequencies of the TNF —238 SNP. Comparisons were done between each patient group and
healthy controls.

Allele RA, SLE, Primary SS, TB, Controls,
n =330 n =200 n=134 n =270 n =860

G, n (%) 330 (100) 199 (99.5) 134 (100) 210 (78) 762 (89)

A, n (%) 0* 1(0.5)%* of 60 (22)f* 98 (11)

* OR 0.01, 95% CI 0-0.19, p < 0.0001. ** OR 0.04, 95% CI 0-0.28, p < 0.0001. T OR 0.03, 95% CI 0-0.46,
p <0.0001. 7T OR 2.2, 95% CI 1.56-3.17, p < 0.0001.

tious agent remains prevalent. If heterozygous individuals
are resistant to disease and homozygous individuals are sus-
ceptible, heterozygote advantage is observed, as in our pop-
ulation. This theory proposes that individuals heterozygous
at a locus may have a more effective immune response to a
wider diversity of pathogens?3. Our results are consistent
with the chromosomal exchange of these SNP, since the
—308A and —238A exchange in the TNF promoter never
occurs in the same chromosome?4. Third, this study, carried

out on a Northwestern Colombian population, a group pri-
marily derived from Spaniards that did not mix in signifi-
cant proportions with Amerindian or Black populations?>-2°,
provides new data that could assist future comparisons on
allelic and genotype frequencies, which in turn may eluci-
date the history of human populations, since TNF polymor-
phism varies among populations!©.

Studies have revealed that —308A allele is associated
with RA both as a susceptibility and a severity factor?’-30, In
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Table 5. Estimated haplotype frequencies. Comparisons were done between each patient group and healthy con-

trols.
RA, SLE, Primary SS, TB, Controls,
n =330 n =200 n=134 n=270 n = 860
—-308G-238G, % 82 76 73 73 79
—308A-238A, %* 0 0 0 2 2
—308G-238A, % 0 0.5 0 21 10
—308A-238G, % 18%% 23,5 27t 4 %f 9

* There was no single homozygote individual for this haplotype. ** OR 2.2, 95% CI 1.53-3.16, p < 0.0001.
##% OR 3, 95% CI 2.04-4.53, p < 0.0001. ¥ OR 3.6, 95% CI 2.32-5.67, p < 0.0001. T OR 0.46, 95% CI

0.24-0.85, p=0.01.

our population, we observed that this allele was a predis-
posing factor for RA (OR 1.8), while TNF —238A was pro-
tective (OR 0.01). The TNF GG -238 genotype has been
associated with RA severity independently of the presence
of HLA-DR4273132 n our population the genotype as well
as the TNF —-308A-238G haplotype was associated with
RA.

Similarly, the —308A allele has been associated with sus-
ceptibility to SLE in Caucasian populations, in linkage dis-
equilibrium with HLA-DR33%34, as well as in an HLA-inde-
pendent manner3>-3¢, This was not observed in populations
with high Amerindian ancestry3’ or in Africans3*. A study
on California families failed to link —308A allele to SLE3.
Our findings support the association of this allele with dis-
ease (OR 2.4), while TNF —238A was protective (OR 0.04).
Other studies have reported discordant results concerning
TNF -2383*37:3% Ethnicity and sample size could account
for these discrepancies.

In primary SS, both TNF-ao mRNA and its protein are
significantly expressed in ducts and in mononuclear cells of
salivary gland infiltrates*, and TNF-o has been suggested to
participate in the proteolysis of glandular acini*’. Our
results show that, as it occurs in RA and SLE, the TNF
—308A-238G haplotype is a risk factor for disease (OR 3.6,
p < 0.0001).

Autoimmune diseases are observed in genetically sus-
ceptible individuals in whom clinical expression is modified
by permissive and protective environments over time. From
a genetic point of view, these are complex diseases — their
inheritance does not follow a single-gene dominant or sin-
gle-gene recessive Mendelian law, and thus they are poly-
genic. Our results indicate that the TNF —308 A—238G hap-
lotype constituted a common susceptibility factor for
autoimmune diseases (RA, SLE, and primary SS) in our
population. This finding sustains the common variants/mul-
tiple disease hypothesis, which emphasizes that many dis-
ease genes may not be disease-specific, and that similar
immunogenetic mechanisms underlie these diseases*!-*.

The role of TNF-a in autoimmunity may vary between
diseases. While there is compelling evidence indicating a
pathogenic role of this cytokine in RA!2, a protective role

has been suggested in SLE3, and incomplete knowledge
exists concerning its function in primary SS. The question is
how to relate these genetic findings with cytokine function
in disease. The premise of studies of TNF promoter SNP is
that gene variants with a significant role in pathology will
lead to greater understanding of the regulatory mechanisms
in both health and disease, and may provide knowledge for
identifying and allowing early intervention in at-risk indi-
viduals®. However, although some studies have associated
TNF SNP with cytokine synthesis®, recent work indicates
that the —308 and —238 polymorphisms are not functional®.
We failed to find a significant association between these
SNP and disease manifestations, clinical activity, the pres-
ence of autoantibodies, and circulating TNF-a levels in SLE
and primary SS patients®>. Regulation of TNF includes both
epigenetic and posttranscriptional mechanisms, none of
which have been considered so far!?. Thus, TNF polymor-
phism contributes to susceptibility to autoimmune rheumat-
ic diseases; however, the relative magnitude of its non-
HLA-DR/DQ effects is uncertain due to the extraordinary
linkage disequilibrium that extends over the MHC and to the
regulatory mechanisms that control its expression.

With regard to TB, there is evidence that TNF-a acts as
both a protective molecule and a mediator of disease mani-
festations?. It is considered that this cytokine is necessary
for control of the acute infection caused by M. tuberculosis
since it is of great importance in granuloma formation in
TB, as well as in other diseases caused by mycobacteria>. To
some extent this explains the reactivation of TB in patients
with RA treated with TNF-a. blockers’. Although the role of
TNF-a is considered important in TB, there are no data
about its polymorphism in American populations. Two stud-
ies in Asia failed to establish an association between —238
and —308 SNP and pulmonary TB***7. Our results provide
insight into the role of TNF polymorphism in TB in our pop-
ulation.

The TNF polymorphism has been considered a predis-
posing factor to TNF blocker therapy in patients with RA.
TNF GG -308 homozygosity was associated with a better
response to infliximab*®, and together with interleukin 10
GG -1087 homozygosity was associated with a superior
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response to etanercept®. It is notable that TNF GG —308
homozygosity was a protective factor for RA in our popula-
tion. Our goal was not to predict the risk of TB in patients
with RA; further studies are needed to address this.

We describe an opposite association between TNF poly-
morphism and autoimmunity and TB. Studies are under way
to evaluate the polymorphism of other genes located within
the ~3.5 MB region comprising the MHC to elucidate
whether this differential association with autoimmunity and
TB is primary or secondary, depending on linkage disequi-
librium with other loci incriminated in the immune
response. These results support the hypothesis that autoim-
mune diseases are present-day manifestations of the selec-
tive genetic pressure exerted by infectious diseases (i.e., TB
epidemics) of the recent past?!.
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