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Abstract Systemic lupus erythematosus (SLE) is a complex
autoimmune disease in which genetic factors strongly
influence susceptibility. Cytokines such as the interferon-
gamma (IFNG) gene play a key role in controlling the im-
munity and inflammation, and therefore their polymorphisms
may affect these genes’ expression levels among individuals.
We investigated the frequency of IFNG gene intron (+874)
polymorphism, previously reported to be associated with
IFNG production, in SLE patients compared to a control
group. This population-based case–control study includes

154 SLE patients and 154 healthy control subjects with
similar ethnic backgrounds. The genotyping was determined
by polymerase chain reaction sequence-specific primer
method and using the Chi-squared test for analyzing the
association between this single-nucleotide polymorphism
and SLE. The allele frequencies of the IFNG (+874) gene
polymorphism were not significantly different between SLE
patients and control subjects (72.7 vs 77%). However, there
was a significant association between A dominance model of
inheritance with arthritis (odds ratio=7.64, 95% confidence
interval=1.56–41.64, P=0.006, Pc=0.03). The result sug-
gested that the +874 intron polymorphism of IFNG can be
used as the marker for SLE susceptibility with arthritis in the
Thai population.
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Introduction

Interferon-gamma (IFNG) is a signature cytokine of the
Th1 subset of helper T cells. Several studies have indicated
that alterable expression of the IFNG level has significant
effects to the susceptibility of various autoimmune diseases
[1]. There is a report showing significant increasing IFNG
messenger ribonucleic acid expression in peripheral blood
mononuclear cells of patients with SLE [2]. Increased
IFNG plasma level as well as ex vivo production was ob-
served in SLE patients compare to controls [3–5]. These
findings support that the enhanced production of IFNG by
mononuclear cells may trigger inflammatory responses. In
addition, treatment with IFNG accelerated disease in the
(NZBXNZW) F1 lupus model [6, 7]. A significant reduc-
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tion in SLE progression was observed in the (NZBXNZW)
F1 mice treating anti-IFNG antibodies [8]. Some inves-
tigators observed an imbalance of Th1/Th2 cells in lupus
nephritis using intracellular cytokine detection, indicating
that Th1 cells was predominated in SLE patients with
proteinuria [9] similar to the result from the mice model
[10]. In contrary, decreasing number of Th1-like cells and
IFNG production as well as the dysfunction of CD8+ cells
were also reported with nephritis in SLE [11–14]. The
effect of IFNG on development of SLE-like syndrome in
another animal model, MRL-lpr mice, was demonstrated to
have dichotomic actions. The early prophylactic treatment
exhibits favorable effects, and the late institution of
treatment accelerates SLE development [15]. All evidences
above indicated the complex role of IFNG in the regulation
of SLE.

The IFNG gene is located on chromosome 12q24.1. In
1999, one study discovered a variable-length CA repeat in the
first intron of this gene and allele 2; 12 CA repeat was
associated with IFNG level production [16]. The next study
of these researchers described +874 A/T single-nucleotide
polymorphism (SNP) in the first intron of IFNG. The T allele
of this SNP is associated with the high IFNG production
[17]. One previous study reported that gene frequencies
of eight different alleles for CA repeat in the first intron
of the IFNG gene were not significantly different between
SLE patients and controls in Eastern seaboard populations
(Baltimore and Philadelphia). However, allele 2 appeared to

be protective for arthritis while allele 6 was associated with
more severe lupus. This data suggested that genetic variation
in the IFNG gene might influence the disease course rather
than being a disease-causing gene [18]. So far, there is no
report of the association between +874 A/T SNP and SLE
susceptibility. The aim of this study was to investigate the
association of this SNP with SLE susceptibility and par-
ticularly with specific clinical manifestations that are in-
fluenced by this cytokine such as arthritis and nephritis.

Materials and methods

Subjects

During August 2002 and September 2004, 154 Thai
patients who fulfilled the criteria for diagnosis of SLE of
the American College of Rheumatology 1982 (149 women
and 5 men; mean age±SD=36±12.6 years) were enrolled
from the lupus clinic at the King Chulalongkorn Memorial
Hospital (tertiary referral center). Clinical and serological
data were recorded as either absent or present, based on the
data from the cumulative database obtained by chart review.
One hundred and fifty-four volunteer-unrelated Thai
healthy donors (117 women and 37 men; mean age±SD=
23±12.3 years) were recruited from the same ethnic
background and examined after obtaining informed con-
sent. The ethics committee of the faculty of Medicine,
Chulalongkorn University, reviewed and approved this
study.

DNA extraction

Deoxyribonucleic acid (DNA) was isolated from buffy coat
collected with ethylenediaminetetraacetic acid as anticoag-

Table 1 Genotype and allele frequencies for the +874 at the first
intron of the IFNG gene in healthy controls and SLE patients

Healthy controls
(n=154)

SLE patients
(n=154)

OR (95%CI)

Genotype frequencies
A/A 92 (59.7%) 79 (51.3%) 0.71 (0.44–1.14)
A/T 53 (34.4%) 66 (42.8%) 1.43 (0.88–2.33)
T/T 9 (5.8%) 9 (5.8%) 1.00 (0.35–2.84)
Allele frequencies
A 237 (77%) 224 (72.7%) 0.80 (0.55–1.17)
T 71 (23%) 84 (27.3%) 1.25 (0.86–1.83)

Table 2 Clinical manifestation of patients with SLE in this study
(n=144)

Clinical manifestation Number of patients with SLE (%)

Malar rash 92 (63.9)
Discoid rash 48 (33.3)
Photosensitivity 63 (43.8)
Arthritis 110 (76.4)
Proteinuria 94 (65.3)

Table 3 Genotype and allele frequencies for the +874 at the first
intron of the IFNG gene in SLE patients with and without arthritis

SLE patients with
arthritis (n=110)

SLE patients without
arthritis (n=34)

genotype frequencies
A/A 61 (55.5%)a 13 (38.2%)
A/T 46 (41.8%)a 15 (44.1%)
T/T 3 (2.7%) 6 (17.6%)
Allele frequencies
A 168 (76.4%)b 41 (60.3%)
T 52 (23.6%) 27 (39.7%)

a AA and A/T genotype: OR=7.64, 95%CI=1.56–41.64, P=0.006,
Pc=0.03
b OR=2.13, 95%CI=1.15–3.94, P=0.01, Pc=0.05
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ulant, using a salting-out method as previously described
[19].

Genotyping methodology and DNA sequencing

Polymorphisms at +874 within intron 1 of the IFNG gene
were identified using the polymerase chain reaction (PCR)
sequence-specific primer method. All DNA were amplified
with the use of the IFNG gene-specific primers described
by Pravica et al. [17]. The positive results of the IFNG gene
and the human growth hormone gene showed a band of
261- and 428-bp fragments, respectively. Additionally, the
PCR products were analyzed to confirm the results of IFNG
genotyping by DNA sequencing. Specific primers for se-
quencing were described previously [20].

Statistical analysis

Hardy–Weinberg equilibrium (HWE) was determined by
Pearson’s χ2 goodness-of-fit test. Allele and genotype
frequencies were compared between groups using the Chi-
square (χ2) test or Fisher’s exact probability test, when
appropriate. A P value of less than 0.05 was considered
significant. In the case of multiple comparisons, corrected
P value (Pc) for a number of comparisons (Bonferroni
correction) was applied. Odds ratios (OR) with 95%
confidence interval (CI) were calculated using the statistical
program Epi Info version 6 [21]. Furthermore, the mode of
inheritance analysis was also included.

Result

Genotype and allele frequencies for the +874 at the first
intron of the IFNG gene in healthy controls and SLE
patients were summarized in Table 1. Genotype frequencies
of healthy Thai individuals were in the HWE. There were
no significant differences in allele frequency of +874 A/T
polymorphism at the first intron of the IFNG gene between
patients with SLE and the healthy controls. The clinical
expression of SLE is tremendously varied among individ-
uals. We analyzed the association between five common
clinical manifestations in SLE patients and polymorphism
of the IFNG gene. In this study, we obtained clinical data of
144 patients that are shown in Table 2. There was a
significant association between the +874A allele with
arthritis (OR=2.13, 95%CI=1.15–3.94, P=0.01, Pc=0.05).
The effect of the +874A allele was similar to the autosomal
dominance mode of inheritance in which the presence of
one A allele (AA or AT) conferred the significant OR as
high as 7.64 (95%CI=1.56–41.64, P=0.006, Pc=0.03;
Table 3).

Discussion

The result from this study did not show a positive associa-
tion between the +874 A/T polymorphism in the first intron
of the IFNG gene and susceptibility to SLE in the Thai
population. Because SLE is a complex disease, several genes
may contribute to its pathogenesis. It is possible that the effect
from the IFNG gene is very small in SLE susceptibility, and
a larger study cohort is required to approach positive
association. However, when we analyzed the polymorphism
of the IFNG gene with clinical manifestations, we found
significant association of the +874A allele with arthritis. One
previous study indicated that individuals homozygous for
allele 2; 12 CA repeat associated with a high level of IFNG
production [16]. This allele 2 was later reported to be
protective for arthritis in SLE [18]. Because there was an
absolute correlation between the presence of +874T allele
and the presence of high-producing allele 2, therefore, our
result confirms previous observation regarding the protective
role of IFNG to arthritis. It is interesting to note that this
SNP coincides with the putative nuclear factor-kB-binding
site that might have a functional consequence for the IFNG
gene [17]. This observation strengthens prior suggestion that
genetic variation in IFNG expression might influence the
disease course rather than being a disease-causing gene.

In addition, the positive association was found between the
amino acid polymorphism (Val14Met) within the IFNG
receptor 1 gene and SLE [22, 23]. The genetic contribution
that determined IFNG function might come from the re-
ceptor gene or the combination of both cytokine and receptor
genes. These data help support that genetic variation in the
IFNG gene might influence the disease course of SLE.

Acknowledgments This study was supported by the Human Genetics
grant from National Center for Genetic Engineering and Biotechnology
(BIOTEC), Thailand, Ministry of University Affairs (MUA)–CU Thesis
Grant 2002, and Lupus Research Unit, Chulalongkorn University. The
authors wish to thank all the patients for their cooperation.

References

1. Baccala R, Kono DH, Theofilopoulos AN (2005) Interferons as
pathogenic effectors in autoimmunity. Immunol Rev 204:9–26

2. Csiszar A, Nagy G, Gergely P et al (2000) Increased interferon-
gamma (IFN-gamma), IL-10 and decreased IL-4 mRNA expres-
sion in peripheral blood mononuclear cells (PBMC) from patients
with systemic lupus erythematosus (SLE). Clin Exp Immunol
122:464–470

3. Lit LC, Wong CK, Tam LS et al (2006) Raised plasma
concentration and ex vivo production of inflammatory chemo-
kines in patients with systemic lupus erythematosus. Ann Rheum
Dis 65:209–215

4. Gomez D, Correa PA, Gomez LM et al (2004) Th1/Th2 cytokines
in patients with systemic lupus erythematosus: is tumor necrosis
factor alpha protective? Semin Arthritis Rheum 33:404–413

Clin Rheumatol (2007) 26:1921–1924 1923



5. al-Janadi M, al-Balla S, al-Dalaan A et al (1993) Cytokine profile
in systemic lupus erythematosus, rheumatoid arthritis, and other
rheumatic diseases. J Clin Immunol 13:58–67

6. Adam C, Thoua Y, Ronco P et al (1980) The effect of exogenous
interferon: acceleration of autoimmune and renal diseases in
(NZB/W) F1 mice. Clin Exp Immunol 40:373–382

7. Amital H, Levi Y, Blank M et al (1998) Immunomodulation of
murine experimental SLE-like disease by interferon-gamma.
Lupus 7:445–454

8. Jacob CO, Meide PH, McDevitt HO (1987) In vivo treatment of
(NZB X NZW)F1 lupus-like nephritis with monoclonal antibody
to gamma interferon. J Exp Med 166:798–803

9. Akahoshi M, Nakashima H, Tanaka Y et al (1999) Th1/Th2
balance of peripheral T helper cells in systemic lupus erythema-
tosus. Arthritis Rheum 42:1644–1648

10. Takahashi S, Fossati L, Iwamoto M et al (1996) Imbalance
towards Th1 predominance is associated with acceleration of
lupus-like autoimmune syndrome in MRL mice. J Clin Invest
97:1597–604

11. Funauchi M, Ikoma S, Enomoto H et al (1998) Decreased Th1-
like and increased Th2-like cells in systemic lupus erythematosus.
Scand J Rheumatol 27:219–224

12. Min DJ, Cho ML, Cho CS et al (2001) Decreased production of
interleukin-12 and interferon-gamma is associated with renal
involvement in systemic lupus erythematosus. Scand J Rheumatol
30:159–163

13. Jones BM, Liu T, Wong RW (1999) Reduced in vitro production of
interferon-gamma, interleukin-4 and interleukin-12 and increased
production of interleukin-6, interleukin-10 and tumour necrosis factor-
alpha in systemic lupus erythematosus. Weak correlations of cytokine
production with disease activity. Autoimmunity 31: 117–124

14. Horwitz DA, Gray JD, Behrendsen SC et al (1998) Decreased
production of interleukin-12 and other Th1-type cytokines in

patients with recent-onset systemic lupus erythematosus. Arthritis
Rheum 41:838–844

15. Nicoletti F, Di Marco R, Zaccone P et al (2000) Dichotomic
effects of IFN-gamma on the development of systemic lupus
erythematosus-like syndrome in MRL-lpr/lpr mice. Eur J Immunol
30:438–447

16. Pravica V, Asderakis A, Perrey C et al (1999) In vitro production
of IFN-gamma correlates with CA repeat polymorphism in the
human IFN-gamma gene. Eur J Immunogenet 26(1):1–3

17. Pravica V, Perrey C, Stevens A et al (2000) A single nucleotide
polymorphism in the first intron of the human IFN-gamma gene:
absolute correlation with a polymorphic CA microsatellite marker
of high IFN-gamma production. Hum Immunol 61(9):863–866

18. Lee JY, Goldman D, Piliero LM et al (2004) Interferon-gamma
polymorphisms in systemic lupus erythematosus. Genes Immun 2
(5):254–257

19. Miller SA, Dykes DD, Polesky HF (1988) A simple salting out
procedure for extracting DNA from human nucleated cells.
Nucleic Acids Res 16(3):1215

20. Awad M, Pravica V, Perrey C et al (1999) CA repeat allele
polymorphism in the first intron of the human interferon-gamma
gene is associated with lung allograft fibrosis. Hum Immunol 60
(4):343–346

21. Dean AG, Dean JA, Burton AH et al (1991) Epi Info: a general-
purpose microcomputer program for public health information
systems. Am J Prev Med 7(3):178–182

22. Nakashima H, Inoue H, Akahoshi M et al (1999) The combination
of polymorphisms within interferon-gamma receptor 1 and
receptor 2 associated with the risk of systemic lupus erythematosus.
FEBS Lett 453(1–2):187–190

23. Tanaka Y, Nakashima H, Hisano C et al (1999) Association of the
interferon-gamma receptor variant (Val14Met) with systemic
lupus erythematosus. Immunogenetics 49(4):266–271

1924 Clin Rheumatol (2007) 26:1921–1924


	Association of interferon-gamma gene polymorphism (+874A) with arthritis manifestation in SLE
	Abstract
	Introduction
	Materials and methods
	Subjects
	DNA extraction
	Genotyping methodology and DNA sequencing
	Statistical analysis

	Result
	Discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


