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Introduction
Systemic lupus erythematosus (SLE) is the 
prototypical autoimmune disease that is characterized 
by autoantibody production, complement activation, 
and immune complex deposition, leading to diverse 
clinical manifestations and target tissue damage [1].

SLE can vary widely in its severity, both at onset and 
during its course; some patients may have very mild 
disease with mild symptoms and no serious organ 
involvement, whereas others may be very ill with a 
number of organs affected [2].

Cytokines have been suggested to be involved in 
the pathogenesis of SLE, as they are fundamental 
components in the regulation of immune response, 
intervening in both cellular and humoral responses [3].

Interleukin (IL)-10 is a key immunoregulatory cytokine 
that can be produced by almost all leukocytes, including 
innate immune cells such as monocytes, macrophages, 
dendritic cells, mast cells, natural killer cells, eosinophils, 
and neutrophils, and adaptive immune cells such as Th1, 
Th2, Treg, Tr1, Th3, T cells, and B cells [4,5].

The role of IL-10 in the pathogenesis of SLE is unknown, 
but the increased production of IL-10 in sporadic cases 

of SLE [6,7] and the clinical improvements in SLE 
patients resulting from administration of anti-IL-10 
monoclonal antibody support a central role for IL-10 
in the pathogenesis of SLE [8].

The human IL-10 gene located on lq31-32 is a 
susceptible region for SLE [9]. The individual variation 
in IL-10 production may be due to the genotypic 
variations in the human IL-10 promoter. Three single 
nucleotide polymorphisms (SNPs) at 1082A/G, 
819T/C, and 592A/C in the promoter region have 
been demonstrated [10].

Our study was carried out to determine the effects 
of IL-10 gene polymorphism 1082A/G on clinical 
diversity and activity of SLE and to assess the IL-10 
concentration in SLE patients.

Patients and methods
Eighty-one participants were selected in this study. 
They were divided into two groups: the control group 
and the systemic lupus patient group. The control 
group included 27 healthy participants (17 female and 
10 male participants), whose ages ranged from 19 to 60 
years (mean 31.3 years). They were clinically free from 
any disease and were not receiving any drugs.
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The systemic lupus patient group included 54 systemic 
lupus patients (diagnosed according to the American 
Rheumatism Association Criteria for the Classification 
of SLE [11,12]). Patients were divided on the basis of 
the Systemic Lupus Erythematosus Disease Activity 
Index (SLEDAI) score into two groups: SLE group I 
(mild and moderate cases), which included 27 patients 
whose SLEDAI score was less than 12, and SLE 
group  II (severe cases), which included 27 patients 
whose SLEDAI score was 12 or greater [13].

Ethical considerations
The nature of the present study was explained to all patients. 
Verbal and written consent was obtained from all patients 
and controls. Reserch protocol was approved by the Ethical 
Committee of faculty of medicine, Zagazig University.

Methods
All patients were subjected to the following 
investigations:

(1) Complete blood picture.
(2) Erythrocyte sedimentation rate using the 

Westergren method.
(3) C-reactive protein using the latex agglutination 

method.
(4) Autoantibodies measurement with antinuclear 

antibody (ANA) and anti-dsDNA.
(5) Kidney function tests including evaluation of 

creatinine and blood nitrogen urea (BUN), complete 
urine analysis, and protein/creatinine ratio.

Blood samples were collected from all participants in 
two tubes: a plain tube to obtain serum, and a sodium 
heparin anticoagulant tube for whole blood.

Serum samples were assayed for IL-10 concentration 
using Human IL-10 Immunoassay (R&D Minneapolis, 
Minnesota, USA). This assay uses the quantitative 
sandwich enzyme immunoassay technique (ELISA). 
A microplate precoated with a monoclonal antibody 
specific for IL-10 is used. IL-10 standards and samples 
are pipetted into the wells, and any IL-10 present is 
bound by the immobilized antibody. After washing away 
any unbound substances, an enzyme-linked monoclonal 
antibody specific for IL-10 is added to the wells. 
Following a wash to remove any unbound antibody 
enzyme reagent, a substrate solution is added to the 
wells and color develops in proportion to the amount of 
IL-10 bound in the initial step. The color development 
is stopped, and the intensity of the color is measured.

DNA extraction for PCR amplification
DNA extraction was performed on all blood specimens 
using Gene JET whole-blood genomic DNA 

purification mini kit (Qiagen, Hilden, Germany). 
The purified DNA was stored at −20°c for PCR 
amplification.

PCR amplification
PCR reactions were all performed on DNA extracts 
using the PCR Gold Master Mix Kit (BIORON, 
Ludwigshafen, Rhein, German).

The primer pair specific for the IL-10 gene promoter as 
used in the study by Mavrothalassitis and Ghysdael [14] 
(Sigma, St. Louis, Missouri, USA) was selected.

A forward primer, whose sequence was 5¢-AAG 
ACA ACA CTA CTA AGG CTT CCT T-3¢ for 
genotyping of SNP in the promotor region of the 
human IL-10 gene (−1082G>A) to produce a segment 
of 584 bp, and a reverse primer, whose sequence was 
5¢-TAA ATA TCC TCA AAG TTC C-3¢, were 
used. Reaction mixtures were subjected to 35 cycles of 
amplification: initial denaturation at 94°C for 5 min; 
denaturation at 95°C for 30 s; annealing at 45°C for 
30 s; extention at 72°C for 1 min; and final extention 
for 7 min.

Restriction enzyme digestion of DNA
EcoNI (Thermo Scientific Fast Digest Enzyme; 
Thermo Scientific) (Thermo Scientific, Waltham, 
Massachusetts, USA) recognizes CCTNN^NNNAGG 
sites and cuts best at 37°C in 5–15 min.

Conventional agarose gel electrophoresis
Conventional agarose gel electrophoresis was 
performed using ethidium bromide and 100 bp step 
ladder as a marker to determine the band size of 
genotypes.

Statistical analyses
Statistical analyses were carried out using SPSS (version 
19; SPSS Inc., Chicago, Illinois, USA) for Windows. 
Data were statistically described in terms of mean ± 
SD, range or frequencies, and percentages. The χ2-test 
was used to compare qualitative variables. A t-test was 
used to compare two independent groups as regards 
quantitative variables. Spearman’s correlation coefficient 
and the Kruskal–Wallis test were used to differentiate 
variables against each other positively or inversely. A 
P value of less than 0.05 was considered to be significant.

Results
The demographic data of SLE patients and controls 
are shown in Table 1.
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In our study we found that there was an increase in IL-10 
concentration in SLE group I, SLE group II, and SLE 
total patients compared with that in controls (Table 2). 
Moreover, IL-10 concentration correlated directly to 
the scores of SLEDAI in SLE total patients (Table 3).

Mutant allele A was found more frequently in SLE 
patients compared with allele G. Genotype AA was 
found more frequently, followed by AG and GG 
(Tables 4 and 5).

Genotype AA and AG were found to be associated 
with higher IL-10 concentration compared with GG, 
which means that allele A is suspected to affect IL-10 
production (Table 6).

There was no significant association between IL-10 
gene promoter and SLEDAI (Fig. 1).

Discussion
SLE is a potentially severe autoimmune disease, which 
demonstrates variations in incidence, prevalence, 
disease activity, and prognosis based on race and 
ethnicity [15]. SLE is a chronic systemic disease with 
variable clinical presentation. The exact pathological 
mechanisms of SLE remains elusive, and the etiology 
of SLE is known to be multifactorial, involving genes, 
sex hormones, and environmental factors including 
sunlight, drugs, and infections [16]. This study included 
81 participants, and 54 of them were suffering from 
SLE [11,12]. An overall 90% of SLE patients were 
female and 10% were male. This finding indicates that 
female sex is considered as one of the predisposing 
factors of the disease and that hormones contribute 
through unknown mechanisms to increase the 
prevalence of SLE among women. The X chromosome 
may contribute to increasing the severity of the disease, 
as the gene known to contribute to the pathogenesis of 
SLE is CD40, which is located on chromosome X [17]. 
In our study, the most frequent clinical manifestations 
among SLE patients were malar rash (80%), arthritis 
(75%), renal involvement (55%), and fever (50%), and 
the least frequent clinical variables were cranial nerve 
affection and organic brain syndrome (0% for both). 

Moreover, the laboratory findings among SLE patients 
according to SLEDAI showed positivity of ANA 
(100%) and anti-dsDNA (80%). 

However, in a study by Akbarian et al. [18], which was 
conducted in Iran, the prevalence of manifestations 
was as follows: musculoskeletal, 83.2%; renal, 75%; 
hematologic, 66.4%; cutaneous, 55%; neuropsychiatric, 
23.4%; pulmonary, 21.5%; and cardiac, 17.2%. There 
were positive ANAs in 86.4% of cases and positive 
anti-DNA in 82.3% of cases. These differences in 
clinical and laboratory findings indicate that genetic 
and climatic factors may lead to different presentations 
of lupus.

Cytokines are important components of immune 
response and regulation, and play an active role in 
activating, differentiating, and maturing immune cells. 
An imbalance between proinflammatory cytokines 
such as IL-6, tumor necrosis factor (TNF)-α, and IL-
1, and anti-inflammatory cytokines such as IL-10, IL-
4, and IL-13 is a well-known characteristic of SLE. 
Cytokines are heavily integrated in T-cell and B-cell 
signaling systems, and abnormal proinflammatory 
cytokines levels, particularly ILs, interferons, and 
TNFs, are important hallmark in hyperactivity of 
lymphocytes [19].

IL-10, primarily produced by monocytes and 
lymphocytes, is a multifunctional cytokine in 
immunoregulation and inflammation. It enhances B-cell 
proliferation, differentiation, and antibody production 
and thus plays a role in B-cell hyperactivity and in 
increasing production of autoantibodies in SLE. It also 
inhibits functions of T cells and antigen-presenting 
cells, which in SLE may contribute to impaired cell-
mediated immunity [20]. In our study, there was an 
increase in IL-10 concentration in total SLE patients 
(mean ± SD 49.5 ± 79.8 pg/ml), and the difference was 
found to be statistically significant when compared 
with that of the control group (P = 0.012). Moreover, a 
higher concentration of IL-10 was found in SLE group 
II (severe cases), with a mean ± SD of 81 ± 104.2 pg/
ml, compared with SLE group I (mild and moderate 
cases), which had a mean ± SD of 17.9 ± 7.7 pg/ml. 
On comparing SLE group I (mild and moderate cases) 

Table 1 Demographic data of the studied groups
Group N (%) χ2 P value

Control SLE group I SLE group II
Sex

Female 17 (63.0) 25 (92.6) 24 (88.9) 9.33 0.009 (S)
Male 10 (37.0) 2 (7.4) 3 (11.1)

Total 27 (100.0) 27 (100.0) 27 (100.0)

Age [mean ± SD (range)] (years) 31.3 ± 9.3 (19–60) 33.9 ± 7.2 (19–48) 33.5 ± 8.2 (18–50) F = 0.801 0.452 (NS)

SLE, systemic lupus erythematosus; P < 0.05, significant.
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and SLE group II (severe cases), the difference was 
statistically highly significant (P = 0.003). We also 
found that there is a highly significant correlation 
(directly proportionate) between IL-10 concentration 
in SLE total patients and SLEDAI (r = 0.383). Other 
studies [21,22] found that IL-10 concentration in 
SLE patients was increased (P < 0.001) and correlated 
positively with SLEDAI. Another study by El-Sayed 

et al. [23] which was conducted in Egypt found that 
IL-10 concentration was higher in SLE patients than 
in controls, but did not reach the significant level. 
The overproduced IL-10 in SLE patients may be 
ascribed to B cells and monocytes [24,25]. Moreover, 
B-cell secretion of IL-10 could regulate dendritic cells 
and T-cell function to promote Th2 cell deviation of 
the immune response [26]. Moreover, the enhanced 
excretion of IL-10 may be due to an increasing number 
of the earlier peripheral B-cell abnormalities including 
plasma cell expansion [27].

In our study, we found that in SLE group I (mild 
and moderate cases) the IL-10 concentration was 
increased, but negatively correlated with SLEDAI 
(r = −0.046). Arora et al. [28] also reported that IL-
10 concentration was higher in SLE patients than 
in controls, but negatively associated with SLEDAI 
scores. Other studies [29,30] found that there was 
no difference in serum IL-10 level between patients 
and controls. These conflicts may arise probably from 
several potential factors such as sample size, patients 
with different demographics, clinical characteristics, 
or types of therapy. In addition, in some indices 
measured for SLE activity, qualitative data with high 
heterogenecity between studies can also contribute to 
this discordance.

The human IL-10 gene that is located on chromosome 
1q31-32 is a susceptible region for SLE. The individual 
variation in IL-10 production may be due to the 
genotypic variations in the human IL-10 promoter [31]. 
The 1082A/G polymorphism is located at putative 

Table 2 Interleukin-10 concentration in different studied groups
Groups N Range (pg/ml) Mean (pg/ml) SD
Control group 27 2.2–30 9.9 6.3
SLE group I 27 1–33.1 17.9 7.7
SLE group II 27 32–574.5 81 104.2

SLE total 54 1–574.5 49.5 79.8

SLE, systemic lupus erythematosus.

Table 3 Correlation of interleukin-10 concentration with 
scores of Systemic Lupus Erythematosus Disease Activity 
Index
Group r value P value Significance
SLE group I −0.046 0.824 NS
SLE group II 0.503 <0.001 HS

SLE total 0.383 0.044 S

HS, highly significant; S, significant; SLE, systemic lupus 
erythematosus; P < 0.05, significant; P < 0.001, highly significant.

Table 4 Interleukin-10 promoter alleles’ distribution 
in different studied groups
Groups Total number 

of IL-10 alleles
Allele A 
[N (%)]

Allele G  
[N (%)]

Control group 54 38 (70.4) 16 (29.6)
SLE group I 54 39 (72.2) 15 (27.8)
SLE group II 54 44 (81.5) 10 (18.5)

SLE total 108 83 (76.9) 25 (23.1)

IL, interleukin; SLE, systemic lupus erythematosus.

Table 5 Interleukin-10 promoter genotypes distribution 
in different studied groups
Groups Total (n) [N (%)]

Genotype AA Genotype AG Genotype GG
Control group 27 17 (63.0) 4 (14.8) 6 (22.2)
SLE group I 27 18 (66.7) 3 (11.1) 6 (22.2)
SLE group II 27 18 (66.7) 8 (29.6) 1 (3.7)

SLE total 54 36 (66.7) 11 (20.4) 7 (12.9)

SLE, systemic lupus erythematosus.

Table 6 Association of interleukin-10 promoter genotypes 
with interleukin-10 concentration
Group IL-10 concentration (median) (pg/ml) KW P value

Genotype 
AA

Genotype 
AG

Genotype 
GG

Control group 9.1 9.1 8.4 0.036 0.82
SLE group I 20.1 16.6 12.4 7.662 0.022 (S)
SLE group II 60.6 46.5 47.0 2.437 0.296

SLE total 33.1 38.0 13.6 7.066 0.029 (S)

IL, interleukin; KW, Kruskal–Wallis; S, significant; SLE, systemic 
lupus erythematosus; P < 0.05, significant.

Gel electrophoresis representing the restriction fragment length 
polymorphism patterns obtained following digestion with the restriction 
enzyme EcoNI. Lane 1 represents 100 bp ladder marker; lanes 2, 3, 
and 4 represent two bands of homozygous mutant alleles AA with 
size 278 and 306 bp; lane 5 represents three bands of heterozygous 
alleles AG with size 272, 306, and 317 bp; and lane 6 represents 
two bands of homozygous wild alleles GG with size 267 and 317 bp.

Figure 1
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regulatory regions in the promoter of the IL-10 gene [32]. 
As regards IL-10 gene 1082A/G polymorphism, in 
our study, we found that the mutant allele A (76.9%) 
was found more frequently compared with allele G 
(23.1%) in SLE total patients. Moreover, genotype AA 
distribution was found more frequently in SLE total 
patients (66.7%), followed by genotype AG (20.4%) 
and GG (12.9%). A study conducted on the southern 
Chinese population by Mok et al. [33] found that the 
frequency of allele A was 96% and that of allele G was 
4%. A study conducted in Malaysia by Hee et al. [34] 
found that the frequency of allele A was 91% and that of 
allele G was 9% with genotype frequency (AA, 81.82%; 
AG, 18.18%; and GG, 0%). Other studies reported 
that there is a significant association with allele G and 
SLE risk, as reported in studies conducted in Poland by 
Sobkowiak et al. [35], in Vietnam by Khoa et al. [10] and 
in Sweden by Fei et al. [36]. Another study [37] showed 
that the IL-10 G allele was associated with Asian but 
not with White SLE patients. However, no association 
was observed between 1082A/G and SLE patients in 
other studies [38,39]. These distinctions between the 
effects of the 1082A/G polymorphism in SLE risk may 
result from genetic heterogenecity, ethnicity, different 
exposure to environmental factors, and different sample 
size of population.

In our study we also found that there was an increase in 
IL-10 concentration in association with genotype AA 
in SLE patients, especially in SLE group I (mild and 
moderate cases), which was more significant (P = 0.022). 
However, in SLE group II (severe cases) there was no 
statistically significant association (P = 0.296), but 
genotype AA was more associated with increased IL-10 
concentration compared with AG and GG (Table 6). 
In SLE total patients there was a statistically significant 
association of genotype AA with IL-10 concentration 
(P = 0.029). The SNP 1082 was considered to be in 
the proximal end of the IL-10 promoter, upstream of 
the transcription start site. It has been shown to be 
associated with the transcription binding site, which in 
turn may affect the production of IL-10 [40].

In our study when we compared IL-10 gene promoter 
genotype with SLEDAI, we found no relation or 
association. López et al. [41] stated that increased 
circulating levels of IL-10 have been reported in 
patients with SLE. However, there were no definitive 
data on the association of IL-10 polymorphisms and 
SLEDAI, probably due to heterogenecity of the disease.

Conclusion
From this study we conclude that IL-10 concentration 
is elevated in SLE patients and is shown to be 

associated with disease activity, and so it can be 
selected as a biomarker of the disease. IL-10 gene 
polymorphism 1082A/G is not a strong indicator to 
show susceptibility of the disease. Allele A is suspected 
to affect IL-10 production more than allele G.

Recommendations
Further studies with large sample size to provide us 
with a sufficient data to help in gene study are needed 
to confirm these findings. A study should be performed 
on gene haplotype frequencies in SLE patients, as it 
may have a role in disease susceptibility. Moreover, 
there could be some other uncovered mechanisms 
involved in the susceptibility to SLE. Therefore, further 
studies are needed to explore the exact mechanism. 
Other studies should be performed on other cytokines 
and their receptors such as IL-6, IL-4, TNF, TGF, and 
interferon to assess their role in the pathogenesis of 
the disease.

Acknowledgements
Conflicts of interest
There are no conflicts of interest.

References
 1 Helmick CG, Felson DT, Lawrence RC, Gabriel S, Hirsch R, Kwoh CK, 

et al. National Arthritis Data Workgroup. Estimates of the prevalence 
of arthritis and other rheumatic conditions in the United States. Part I. 
Arthritis Rheum 2008; 58:15–25.

 2 Miettunen PM, Ortiz-Alvarez O, Petty RE, Cimaz R, Malleson PN, Cabral 
DA, et al. Gender and ethnic origin have no effect on longterm outcome 
of childhood-onset systemic lupus erythematosus. J Rheumatol 2004; 
31:1650–1654.

 3 Mellor-Pita S, Citores MJ, Castejon R, Tutor-Ureta P, Yebra-Bango M, 
Andreu JL, Vargas JA. Decrease of regulatory T cells in patients with 
systemic lupus erythematosus. Ann Rheum Dis 2006; 65:553–554.

 4 Rhodes KA, Andrew EM, Newton DJ, Tramonti D, Carding SR. A subset of 
IL-10-producing gammadelta T cells protect the liver from Listeria-elicited, 
CD8(+) T cell-mediated injury. Eur J Immunol 2008; 38:2274–2283.

 5 Yanaba K, Bouaziz JD, Matsushita T, Tsubata T, Tedder TF. The 
development and function of regulatory B cells expressing IL-10 (B10 
cells) requires antigen receptor diversity and TLR signals. J Immunol 
2009; 182:7459–7472.

 6 Llorente L, Zou W, Levy Y. Role of IL 10 in the B lymphocyte hyperactivity 
and autoantibody production of human systemic lupus erythematosus. J 
Exp Med 1995; 181:839–844.

 7 Barcellini W, Rizzardi GP, Borghi MO, Nicoletti F, Fain C, Del Papa N, 
Meroni PL. In vitro type-1 and type-2 cytokine production in systemic lupus 
erythematosus: lack of relationship with clinical disease activity. Lupus 
1996; 5:139–145.

 8 Ravirajan CT, Wang Y, Matis LA, Papadaki L, Griffiths MH, Latchman DS, 
Isenberg DA. Effect of neutralizing antibodies to IL-10 and C5 on the 
renal damage caused by a pathogenic human anti-dsDNA antibody. 
Rheumatology (Oxford) 2004; 43:442–447.

 9 Johanneson B, Lima G, von Salomé J. A major susceptibility locus for 
systemic lupus erythematosus maps to chromosome lq31. Am J Hum 
Genet 2002; 71:1060–1071.

10 Khoa PD, Sugiyama T, Yokochi T. Polymorphism of interleukin-10 
promoter and tumor necrosis factor receptor II in Vietnamese patients with 
systemic lupus erythematosus. Clin Rheumatol 2005; 24:11–13.

11 Tan EM, Cohen AS, Fries JF, Masi AT, McShane DJ, Rothfield NF, 
et al. The 1982 revised criteria for the classification of systemic lupus 
erythematosus. Arthritis Rheum 1982; 25:1271–1277.



54 Egyptian Rheumatology & Rehabilitation

12 Hochberg MC. Updating the American College of Rheumatology revised 
criteria for the classification of systemic lupus erythematosus [letter]. 
Arthritis Rheum 1997; 40:1725.

13 Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang CH. Derivation 
of the SLEDAI. A disease activity index for lupus patients. The Committee 
on Prognosis Studies in SLE. Arthritis Rheum 1992; 35:630–640.

14 Mavrothalassitis G, Ghysdael J. Proteins of the ETS family with 
transcriptional repressor activity. Oncogene 2000; 19:6524–6532.

15 Mok CC, Yap DY, Navarra SV, Liu ZH, Zhao MH, Lu L, et al. Asian Lupus 
Nephritis Network (ALNN). Overview of lupus nephritis management 
guidelines and perspective from Asia. Nephrology (Carlton) 2014; 19:11–20.

16 Tiffin N, Adeyemo A, Okpechi I. A diverse array of genetic factors contribute 
to the pathogenesis of systemic lupus erythematosus. Orphanet J Rare 
Dis 2013; 8:2.

17 Tsokos GC. Mechanisms of diseases, systemic lupus erythematosus. N 
Engl J Med 2011; 365:2110–2121.

18 Akbarian M, Faezi ST, Gharibdoost F, Shahram F, Nadji A, Jamshidi AR, 
et al. Systemic lupus erythematosus in Iran: a study of 2280 patients over 
33 years. Int J Rheum Dis 2010; 13:374–379.

19 Connolly JJ, Hakonarson H. Role of cytokines in systemic lupus 
erythematosus: recent progress from GWAS and sequencing. J Biomed 
Biotechnol 2012; 2012:798924.

20 Liu P, Song J, Su H, Li L, Lu N, Yang R, Peng Z. IL-10 gene polymorphisms 
and susceptibility to systemic lupus erythematosus: a meta-analysis. 
PLoS One 2013; 8:e69547.

21 Mellor-Pita S, Citores MJ, Castejon R, Yebra-Bango M, Tutor-
Ureta P, Rosado S, et al. Monocytes and T lymphocytes contribute to 
a predominance of interleukin 6 and interleukin 10 in systemic lupus 
erythematosus. Cytometry B Clin Cytom 2009; 76:261–270.

22 Chun HY, Chung JW, Kim HA, Yun JM, Jeon JY, Ye YM, et al. Cytokine 
IL-6 and IL-10 as biomarkers in systemic lupus erythematosus. J Clin 
Immunol 2007; 27:461–466.

23 El-Sayed M, Nofal E, Al Mokadem S, et al. Correlative study of serum Th1/
Th2 cytokines levels in patients with systemic lupus erythematosus with 
SLEDAI. Egypt Dermatol Online J 2008; 4:3–19.

24 Gross JA, Johnston J, Mudri S, Enselman R, Dillon SR, Madden K, et al. 
TACI and BCMA are receptors for a TNF homologue implicated in B-cell 
autoimmune disease. Nature 2000; 404:995–999.

25 Hondowicz BD, Alexander ST, Quinn WJ III, Pagán AJ, Metzgar MH, 
Cancro MP, Erikson J. The role of BLyS/BLyS receptors in anti-chromatin 
B cell regulation. Int Immunol 2007; 19:465–475.

26 Moulin V, Andris F, Thielemans K, Maliszewski C, Urbain J, Moser M. 
B lymphocytes regulate dendritic cell (DC) function in vivo: increased 
interleukin 12 production by DCs from B cell-deficient mice results in T 
helper cell type 1 deviation. J Exp Med 2000; 192:475–482.

27 Jacobi AM, Odendahl M, Reiter K, Bruns A, Burmester GR, Radbruch A, 
et al. Correlation between circulating CD27 high plasma cells and disease 

activity in patients with systemic lupus erythematosus. Arthritis Rheum 
2003; 48:1332–1342.

28 Arora V, Verma J, Marwah V, Kumar A, Anand D, Das N. Cytokine 
imbalance in systemic lupus erythematosus: a study on northern Indian 
subjects. Lupus 2012; 21:596–603.

29 Chen J, Shen B, Jiang Y, Jun L, Zhu M, Chen B, Liu C. Analysis of 
immunoglobulin-like transcripts (ILTs) in lymphocytes with sHLA-G and 
IL10 from SLE patients. Clin Exp Med 2013; 13:135–142.

30 Dhir V, Singh AP, Aggarwal A, Naik S, Misra R. Increased T-lymphocyte 
apoptosis in lupus correlates with disease activity and may be responsible 
for reduced T-cell frequency: a cross-sectional and longitudinal study. 
Lupus 2009; 18:785–791.

31 Zhou M, Ding L, Peng H, et al. Association of the interleukin-10 gene 
polymorphism (−1082A/G) with systemic lupus erythematosus: a meta-
analysis. Lupus 2012; 0:1–8.

32 Hee CS, Gun SC, Naidu R, Gupta E, Somnath SD, Radhakrishnan AK. 
Comparison of single nucleotide polymorphisms in the human 
interleukin-10 gene promoter between rheumatoid arthritis patients and 
normal subjects in Malaysia. Mod Rheumatol 2007; 17:429–435.

33 Mok CC, Lanchbury JS, Chan DW, Lau CS. Interleukin-10 promoter 
polymorphisms in Southern Chinese patients with systemic lupus 
erythematosus. Arthritis Rheum 1998; 41:1090–1095.

34 Hee CS, Gun SC, Naidu R, Somnath SD, Radhakrishnan AK. The 
relationship between single nucleotide polymorphisms of the interleukin 
10 gene promotor in systemic lupus erythematosus patients in Malaysia: a 
pilot study. Int J Rheum Dis 2008; 11:148–154.

35 Sobkowiak A, Lianeri M, Wudarski M, Łacki JK, Jagodziński PP. Genetic 
variation in the interleukin 10 gene promoter in Polish patients with 
systemic lupus erythematosus. Rheumatol Int 2009; 29:921–925.

36 Fei GZ, Svenungsson E, Frostegård J, Padyukov L. The A-1082 IL 10 
allele is associated with cardiovascular disease in SLE. Atherosclerosis 
2004; 177:409–414.

37 Nath SK, Harley JB, Lee YH. Polymorphisms of complement receptor 
1 and interleukin-10 genes and systemic lupus erythematosus: a meta-
analysis. Hum Genet 2005; 118:225–234.

38 D’Alfonso S, Giordano M, Mellai M, Lanceni M, Barizzone N, Marchini M, 
et al. Association tests with systemic lupus erythematosus (SLE) of IL10 
markers indicate a direct involvement of a CA repeat in the 5¢ regulatory 
region. Genes Immun 2002; 3:454–463.

39 Van der Linden MW, Westendorp RG, Sturk A, Bergman W, Huizinga TW. 
High interleukin 10 production in first-degree relatives of patients with 
generalized but not cutaneous lupus erythematosus. J Investig Med 2000; 
48: 327–334.

40 Lazarus M, Hajeer AH, Turner D, Sinnott P, Worthington J, Ollier WE, 
Hutchinson IV. Genetic variation in the interleukin 10 gene promoter and 
systemic lupus erythematosus. J Rheumatol 1997; 24:2314–2317.

41 López P, Gutiérrez C, Suárez A. IL 10 and TNF-a genotypes in SLE. 
Journal of Biomedicine and Biotechnology 2010; 2010:838390.


