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Background

Systemic lupus erythematosus is a chronic autoimmune disease affecting many organ systems with diverse 

clinical manifestations in association with autoantibodies to components of the cell nucleus. Cytokines, like 

interferon-α and interleukin-6, are important components of immune response regulation and their imbalance 
play an important role in the pathogenesis of the disease.

Objectives

To compare the serum levels of interferon-α and interleukin-6 in systemic lupus erythematosus patients and 
the apparently healthy subjects, and to find out the correlation between the serum levels of the two cytokines 
and the disease activity according to systemic lupus erythematosus disease activity index.

Methods

A cross-sectional analytic study conducted on 37 systemic lupus erythematosus patients. The patients 

were investigated for the serum level of the two cytokines, and the results were compared with those of 31 

apparently healthy subjects. Then, the disease activity was measured in the patients according to systemic 

lupus erythematosus disease activity index and arranged into groups of different disease activity, and their 

corresponding cytokine levels were compared.

Results

The serum levels of interferon-α and interleukin-6, in systemic lupus erythematosus patients were significantly 
higher than those of the healthy subjects (37.26 ± 27.58 IU/ml), (18.09 ± 21.02 pg/ml) respectively in the patients, 
and (13.29 ± 23.63 IU/ml), (7.10 ± 19.80 pg/ml) respectively in the healthy subjects, with p-values of (< 0.001) 
and (0.031) respectively. Eight (21.6%) of systemic lupus erythematosus patients had inactive disease, 
9 (24.3%) had mild to moderately active disease, and 20 (54.1%) had highly active disease. There 
were a significant positive correlation between the serum levels of interleukin-6 and systemic lupus 
erythematosus disease activity, with p-value of (0.016), while there were no significant correlation 
between the serum levels of interferon-α and disease activity, with p-value of (0.734). 
Conclusions

The serum levels of both cytokines in systemic lupus erythematosus patients are significantly higher than their 
levels in the serum of healthy subjects, and interleukin-6 is significantly correlated with the systemic lupus 
erythematosus disease activity.
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IntroductIon

SLE is a systemic autoimmune disease with 

diverse clinical manifestations in association with 

autoantibodies to components of the cell nucleus 
(1)

. 

SLE primarily is a disease of young women, with a 

peak incidence between the ages of 15 and 40 and 
a female: male ratio of 6 -10: 1. The age at onset, 
can range from infancy to advanced age 

(1)
. The 

clinical manifestations of SLE are diverse, ranging 

from fatigue and oral ulcerations to life-threatening 

renal and neurologic disease. Disease activity 

fluctuates with periods of remissions and flares (2)
.
 

SLE affects the joints, skin and blood in over 80% of 
patients and the kidneys, central nervous system and 

cardiopulmonary system in 30%- 50% of patients (3)
.

SLE is an autoimmune disease of unknown origin 

affecting virtually all organ systems. Beyond 

genetic and environmental factors, cytokine 

imbalances contribute to immune dysfunction, 

trigger inflammation, and induce organ damage (4)
.  

Unrestricted hyper-activation of innate and adaptive 
responses of the immune system may lead to the 

overproduction of autoantibodies, immune complex 

deposition, inflammatory cytokine release, enhanced 
apoptosis and eventually disease onset 

(5)
.

Cytokines are important components of immune 

response and its regulation, and play an active 

role in activating, differentiating, and maturing 

immune cells 
(6)

. An imbalance between pro- and 

anti-inflammatory cytokines is a well-known 
characteristic of SLE 

(7)
. They are heavily integrated 

in T-Cell and B-Cell signaling systems and 

abnormal cytokine levels, particularly interleukins 

and interferons are important hallmarks of SLE 
(8)

.

Interferon-α (IFN-α)

Interferons derive their names from their ability to 
“interfere” with the host cells of viruses during the 

infection process and have been heavily associated 

with the pathogenesis of SLE 
(9)

. The interferon 

cytokine family is composed of type I IFNs including 
(IFN-α, IFN-β), type II IFN (IFN-γ), and the recently 
described type III IFNs (IFN-λ). Extensive data have 
suggested an important pathogenic role for IFN-α 
and IFN-γ in SLE 

(7, 10)
 .

The major producers of IFN-α are plasmacytoid 
dendritic cells, although virtually any cell type 

can elaborate interferon. IFN-α is produced both in 

response to exogenous stimuli, such as bacterial and 

viral pathogens, and to endogenous stimuli, such 

as self-nucleic acids and nucleic acid-containing 

immune complexes 
(11)

.

By binding to its receptor, IFN-α create broad effects 

of activating dendritic cells; promoting proliferation, 

survival, and differentiation of monocytes into 

antigen-presenting cells and B cells into plasma 

cells; stimulating the T-helper 1 pathway and 

preventing apoptosis of activated cytotoxic T cells; 

suppressing regulatory T cells, enhancing natural 

killer cell activity, and modulating each of these 

cells’ respective cytokine production and signaling 

responses 
(12)

.

A number of patients treated with IFN-α, (like 

hepatitis-B or C infected patients), have developed 

lupus or lupus-like syndrome and, many specific 
manifestations of idiopathic lupus such as malar 

or discoid rash, oral ulcers, photosensitivity, renal 

involvement, anti-Sm and anti-dsDNA antibodies 
were represented. Discontinuation of IFN-α; 
typically resulted in remission of SLE symptoms, 

supporting a causal relationship with IFN-α (13)
. 

Type I interferon levels have correlated with disease 
activity in a number of cross-sectional studies 

(14)
, 

and the use of elevated levels of type I interferon and 
interferon gene expression as biomarkers for disease 

activity was suggested in early studies 
(15)

.

Plasmacytoid dendritic cells (the main producers 

of IFN-α) also accumulate in the glomeruli of SLE 
nephritis patients and can also be found in cutaneous 

lesions where they promote continuous IFN-α release 
(16). Based on those observations, the efficacy of 
two humanized anti-IFN-α monoclonal antibodies, 
(rontalizumab, sifalimumab), in the treatment of 
SLE is currently under study 

(2)
.

Interleukin-6 (IL-6)

IL-6 is a pleiotropic cytokine mainly produced by 
monocytes, fibroblasts, and endothelial cells, but 
its secretion may also be found in keratinocytes, 

mesangial cells, and T and B lymphocytes 
(17)

. 

IL-6 receptor consists of two subunits, IL-6R and 
glycoprotein 130 (gp130). Binding of IL-6 to IL-6R 
leads to dimerization of gp130, subsequent activation 
of gp130-associated kinase, janus kinase 1 (JAK1), 
and then tyrosine phosphorylation of gp130, thereof 
accomplishing the transmission of intracellular 

signals 
(18)

.
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 In SLE patients, B cells express IL-6R spontaneously 
and produce great amounts of IL-6 (19, 20)

. Moreover, 

auto-reactive T-cell clones from SLE patients also 

produce large amounts of IL-6, and thereby promote 
B-cell activation and autoantibody production 

(21)
. 

Indeed, the copious spontaneous production of 
immunoglobulin by SLE B cells can be enhanced 

by exogenous IL-6 and diminished by neutralizing 
antibodies to IL-6 (22)

.

Abnormal IL-6 levels were observed in patients 
with SLE in serum and local tissues. Serum levels 

of IL-6 were significantly elevated and correlated 
with disease activity and anti-dsDNA titers (23). In 
patients with active lupus nephritis, the urinary 

level of IL-6 was higher than that of normal controls 
(24). Infiltrating inflammatory cells in the kidney, 
mainly macrophages and monocytes, are the main 

source of IL-6. In addition to the high IL-6 serum 
levels, significant over expression of IL-6 is found 
in diffuse proliferative lupus nephritis whereas 

healthy kidneys show little IL-6 expression (25)
. The 

absence of IL-6 resulted in significant reduction of 
infiltrating macrophages in the kidney, a decrease 
in renal immunoglobulin G (IgG) and complement 
3 (C3) depositions, and a reduction of CD4+ and 
CD8+ lymphocytes. These results indicate that IL-6 
is a strong promoter for diffuse proliferative lupus 

nephritis 
(26)

.

In SLE patients with neuropsychiatric involvement, 
the levels of IL-6 in the cerebrospinal fluid were 
elevated 

(27). The raised serum IL-6 presented an 
inverse correlation with hemoglobin level, indicating 

that IL-6 may involve in anemia (28)
. Latest studies 

also revealed that SLE patients with ongoing 

synovitis and joint deformities had increased IL-6 
which correlated with ESR and anti-dsDNA levels 
(29)

. Moreover, Lupus patients with pulmonary 

involvement had higher serum IL-6 levels compared 
with those without pulmonary involvement 

(30)
. 

Tocilizumab is a humanized monoclonal antibody 

against IL-6 receptor. Tocilizumab was discovered 
to be well tolerated in SLE treatment. In addition, 
tocilizumab treatment resulted in significant clinical 
improvement among SLE patients, especially in 

patients with arthritis and lupus nephritis 
(2, 26)

.

Disease activity assessment

Accurate clinical assessment of SLE is desirable 

because this disease has a complex process, a 

variable disease course, and cumulative morbidity 

over time, as new organ system involvement may be 

seen over time in many patients even 5 to 10 years 
after diagnosis 

(31)
. Three patterns of disease activity 

have emerged: the flare (or “remitting relapsing 
pattern”), chronically active disease, or long inactive 
quiescence. These patterns can be discerned using 
systematic clinical assessments, routine laboratory 

tests, and standardized measures of disease activity 

(32)
. 

Because no single measure can describe status 

in all SLE patients, standardized indices for 

assessing SLE disease activity have been created. 

The most common measure used now is the SLE 

disease activity index (SLEDAI), designated by 
the American College of Rheumatology (33)

. The 

SLEDAI is perhaps the easiest assessment tool 
to use. Twenty-four features that are attributed 

to lupus are listed, with a weighted score given 

to any one that is present. The more serious 

manifestations (such as renal, neurologic, and 

vasculitis) are weighted more than others (such 
as cutaneous manifestations) (34)

.

paTienTS and meThodS
Thirty seven new and longstanding SLE patients 

enrolled in this cross-sectional analytic study, which 

had been diagnosed according to the American 

College of Rheumatology (ACR) criteria of 1997 
revision. The patients were considered to have SLE if 

any 4 or more of the 11 criteria were present, during 
any interval of observation. 

The SLE patients were recruited from the department 

of rheumatology in general teaching hospital and 

the center of rheumatology and rehabilitation in 

Sulaimani city. Thirty one of apparently healthy 

control subjects were selected among paramedical 

personnel and normal healthy relatives of the 

patients visiting the medical center of Ali Kamal 
after obtaining their informed consent, with matched 

age and sex variables to those of SLE patients.

Both SLE patients and normal controls were 

involved in the period from October 2012 to April 
2013. The normal controls were interviewed, general 
information recorded, past medical and drug history 

taken, physical examination done, and several 

hematological and serological tests, including 

hemoglobin level, erythrocytes sedimentation 
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rate, C-reactive protein level, leukocytes and 

thrombocytes counts, in addition to anti-nuclear 

antibodies, were done to ensure that they have no 

any inflammatory or connective tissue disease; and 
the normal limits of tests were derived from the lab 

reference values.

A protocol was designed for all cases to record age, 

sex, address, occupation, duration of illness, drug 

history. Verbal informed consent was taken from all 

cases. A proper history and physical examination 

were undertaken and all clinical and laboratory 

parameters involved in SLE disease activity index 

(SLEDAI), were measured to classify SLE cases 
into: inactive, mild to moderately active and highly 

active patients. 

The blood samples were taken from both SLE 

patients and healthy controls for the estimation of the 

serum levels of INF-α and IL-6.

The IFN-α ELISA kit was from (TSZ ELISA). The 
low serum level of circulating IFN-α was considered 
to be less than 5 IU/ml, while the elevated serum 
level of circulating IFN-α considered to be equal or 
more than 5 IU/ml, as assessed by the test performed 
by: Focus Diagnostics, Inc. and reported by Mayo 
Medical Laboratories.

The IL-6 ELISA kit was from (Immunotech). The low 
serum level of circulating IL-6 was considered to be 
less than 17.4 pg/ml, while the elevated serum level 
of circulating IL-6 considered being equal or more 
than 17.4 pg/ml, as assessed by the test performed by 
(Viracor-IBT Laboratories) and reported by Mayo 
Medical Laboratories.

Statistical package for social sciences (SPSS) version 
17.0 was used for statistical analysis. Student’s t-test 

and analysis of variance (ANOVA) test were used 
and p-values of less than 0.05 were considered to be 
statistically significant. 

reSulTS
A total number of 68 subjects participated in the 
study, 37 (54.0%) of them were SLE cases and 31 
(46.0%) were healthy controls. The 37 SLE patients 
were composed of 4 (10.8%) males and 33 (89.2%) 
females. The 31 apparently healthy controls were 

composed of 3 (9.7%) males and 28 (90.3%) females. 
The ages of patients ranged from 13 to 56 years 
(31.1±12.8 years); while controls’ ages ranged from 
15 to 45 years (31.1±8.1 years) (Table 1).

Twenty six (70.27%) of SLE patients, had symmetric 
polyarticular arthritis and/ or arthralgia; while 
mucocutaneous manifestations of malar rash, 

discoid rash, photosensitivity and mucosal ulcers, 

were found in 31(83.78%) of patients, 21 (56.75%) 
of the patients had haematologic manifestations of 

anemia, leukopenia and thrombocytopenia; renal 

manifestations indicated by generalized body 

swelling, periorbital and lower peripheral oedema 

associated with proteinuria and lupus nephritis were 

found in 23 (62.16%) of the patients. Neuropsychiatric 
manifestations of convulsions, lupus headache, 

confusion and peripheral neuropathy were present 

in 8 (21.62%) of patients; while pleuropulmonary 
features of pneumonitis, pleural effusion and/or 
pleurisy were found in 4 (10.81%) of all SLE patients; 
and cardiovascular manifestations of pericarditis and 

pericardial effusion also were found in 4 (10.81%) of 
all patients (Figure.1).

It was found that 8 (21.62%) of SLE patients were 
inactive (remitted) patients with SLEDAI group 1, 
while 9 (24.32%) of cases were considered to have 
mild to moderate disease activity with SLEDAI group 
2, and 20 (54.05%) of SLE cases were considered to 
have high disease activity with SLEDAI group 3 
(Table 2).

The serum levels of the two inflammatory cytokines 
were significantly higher in SLE patients, compared 
to the healthy controls. As they were (37.26 ± 27.58 
IU/ml) and (13.29 ± 23.63 IU/ml) respectively for 
INF-α (p-value < 0.001); (18.09 ± 21.02 pg/ml) and 
(7.10 ± 19.80 pg/ml) respectively for IL-6 (p-value < 
0.001)

Twenty five (75.75%) of all the thirty three female 
patients had elevated serum level of IFN-α, and 19 
(57.57%) of them had high serum level of IL-6; while 
3 (75%) out of the four male patients had elevated 
serum level of IFN-α, and 2 (50%) of them had 
elevated serum levels of IL-6.

The serum levels of the two cytokines were 

compared among the three SLEDAI groups, and 

the results showed that IL-6 had a significant 
positive correlation with disease activity (p-value 

=0.016), while INF-α was not correlated with the 
disease activity (p-value=0.734).
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Table 1. Sex and age distribution in Sle patients and healthy Controls.

Demographic 
Variables Patients Controls

Sex Number (N) Percentage (%) Number (N) Percentage (%)

Females 33 89.2% 28 90.3%

Males 4 10.8% 3 9.7%

Age Patients Controls

Minimum (years) 13 15

Maximum (years) 56 45

Mean & Standard 
Deviation (years) 31.1 ± 12.8 31.1 ± 8.1

Table 2. disease activity according to Sledai.

SLEDAI Groups Cases 
N (%)

SLEDAI Scores
(Mean ± SD)

SLEDAI 1* 8 (21.6%) 2.13 ± 0.64

SLEDAI 2** 9 (24.3%) 8.33 ± 2.00

SLEDAI 3*** 20 (54.1%) 20.45 ± 8.30

*Sledai 1 (inactive disease), *Sledai 2 (mild to moderate active disease), ***Sledai 3 (highly active 
disease)w

Table 3. Comparison of inf-α and il-6 levels in the Two Groups using Student’s t-test.

Cytokines Cases Controls p- value

IFN-α  M±SD (IU/ml) 37.26 ± 27.58 13.29 ± 23.63 < 0.001

IL-6  M ± SD (pg/ml) 18.09 ± 21.02 7.10 ± 19.80 0.031
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Table 4. Comparison of inf-α and il-6 levels in the Three Sledai Groups using anova.

SLEDAI groups INF-α (IU/ml)          
(Mean ± SD) p-value IL-6 (pg/ml)            

(Mean ± SD) p- value

SLEDAI 1 40.113 ± 37.787

0.734

5.588 ± 5.548

0.016SLEDAI 2 30.866 ± 25.309 8.320 ± 5.548

SLEDAI 3 38.995 ± 24.882 23.410 ± 11.983

diSCuSSion
Systemic lupus erythematosus is a chronic 

autoimmune disease that is characterized by a 

defect in immune tolerance at which both innate and 

adaptive types of immune response are affected. SLE 

associated immune hyperactivity can be detected 

systemically as elevations in levels of cytokines. 

Importantly, the cytokines that have significant roles 
in SLE pathogenesis include IFN-α, IL-6, and TNF- 
α (34, 35)

.

The female to male ratio in this study is close to the 

prevalence supported by Gaubitz M.
 (36)

 and George 

Bertsias et al (37)
, who reported female predominance 

by (90%), and female to male ratio of (9:1) among 
SLE patients.

In this study there was a mild female predominance 
in the state of elevated serum levels of IFN-α, as 
compared to male patients, which is supported by the 

studies of Weckerle CE et al (38)
 and Hughes GC et 

al (39)
. Also there was a female predominance among 

SLE patients with elevated serum levels of IL-6, 
which is supported by the studies of Chapman BP 

et al (40)
, who reported that females appear to have 

higher serum levels of IL-6 than male SLE patients. 
This higher serum levels of IFN-α and IL-6 among 
females might be due to female sex hormonal effects 

(39 40)
.

The ages at disease onset of the SLE patients in this 

study, was close to that of the (Lupus Foundation of 
America) statistics about Lupus in 2004 (41)

, which 

showed that SLE may be diagnosed at any age, but 

the peak age includes second to fourth decades with 

the mean age of 30 years. This result was also similar 
to the findings reported by Ishaq M et al (42)

, who 

revealed that the ages at disease onset were (31.6 ± 
10.5 years). 

In this study, the serum level of IFN-α is significantly 
higher in SLE patients compared with healthy 

controls, which is close to the results of Kirou KA 
et al (43)

, Kim T et al (44)
 and Dina Shahin et al (45)

 

who referred also to highly significant difference, 
(p-value < 0.01, < 0.001 and < 0.001) respectively, 
between the serum levels of IFN-α in SLE patients 
and healthy subjects.

Similarly, in this study, the serum level of IL-6 is 
significantly higher in SLE patients compared with 
the healthy controls, which is comparable to the 

results of Robak E et al (46)
, Sabry A et al (47)

 and 

Ghada S. Azkalany et al (48), who revealed significant 
differences between the levels of IL-6 in SLE 
patients and healthy subjects, with (p-values < 0.02, 
= 0.002 and = 0.008) respectively.

There were no significant differences in the serum 
levels of IFN-α in the three SLEDAI groups in this 
study, which indicates that the serum level of IFN-α 
is not correlated with SLE disease activity. This result 

is comparable to the findings reported by Kirou KA 

et al (43), who revealed that the serum level of IFN-α 
is not correlated with disease activity as measured 

by SLEDAI. This could be explained by the positive 
significant association between SLE disease activity 
and the (IFN gene expression signature), rather than 

serum IFN-α, that can be identified from the nuclei 
of peripheral blood mononuclear cells (PBMCs). This  
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appears to be a more sensitive readout for activation 

of (INF) pathway than cytokine levels in serum and 
associate with the severe features of SLE, (neural, 

hematologic and renal features), as that reported by 
Baechler EC et al study 

(49) and Feng X et al (50)
, who 

referred to a significant correlation between (IFN 
gene signature) and SLE disease activity index with 
p-values = 0.004, 0.001) respectively.

In the current study, there was a significant positive 
correlation between the serum level of IL-6 and 
disease activity measured by SLEDAI, which might 
indicate that IL-6 could be used as an indicator of 
disease activity in SLE. This finding is supported by 
the results reported by Mellor-Pita S et al (51)

 (p-value 

= 0.010), Spronk PE et al (52)
 (p-value < 0.05), and 

Sabry A et al (47) 
(p-value = 0.002).

referenCeS
1. John H. Klippel, John H. Stone, Leslie J. Crofford, and 
Patience H. White. Systemic lupus eryhtematosus. 
Primer on the rheumatic disease.13’ ed. Arthritis 
foundation, Atlanta, U.S.A., 2001; 15: 303-36.

2. Bezalel S, Asher I, Elbirt D, Sthoeger ZM. 
Novel biological treatments for systemic lupus 
erythematosus: current and future modalities. Isr 
Med Assoc J. 2012 Aug;14(8):508-14.

3. Dean GS, Tyrrell-Price J, Crawley E, Isenberg DA. 
Cytokines and systemic lupus erythematosus. Ann 
Rheum Dis. 2000 Apr;59(4):243-51.

4. Ohl K, Tenbrock K. Inflammatory cytokines in 
systemic lupus erythematosus. J Biomed Biotechnol. 
2011;2011:432595. doi: 10.1155/2011/432595. Epub 2011 
Oct 16.

5. Yap DY, Lai KN. Cytokines and their roles in the 
pathogenesis of systemic lupus erythematosus: 
from basics to recent advances. J Biomed Biotechnol. 
2010;2010:365083. doi: 10.1155/2010/365083. Epub 
2010 May 6.

6. Connolly JJ, Hakonarson H. Role of cytokines 
in systemic lupus erythematosus: recent progress 
from GWAS and sequencing. J Biomed Biotechnol. 
2012;2012:798924. doi: 10.1155/2012/798924. Epub 
2012 May 10.

7. Wallace, Daniel J. The Lupus Book: A Guide for 
Patients and Their Families. 1st ed. New York: Oxford 
University Press. , 1995.

8. Herrmann M, Voll RE, Kalden JR. Etiopathogenesis 
of systemic lupus erythematosus. Immunol Today. 
2000 Sep;21(9):424-6.

9. Rönnblom LE, Alm GV, Oberg KE. Possible 
induction of systemic lupus erythematosus by 
interferon-alpha treatment in a patient with a 
malignant carcinoid tumour. J Intern Med. 1990 
Mar;227(3):207-10.

10. Pestka S, Krause CD, Walter MR. Interferons, 
interferon-like cytokines, and their receptors. 
Immunol Rev. 2004 Dec;202:8-32.

11. Su DL, Lu ZM, Shen MN, Li X, Sun LY. Roles of pro- 
and anti-inflammatory cytokines in the pathogenesis 
of SLE. J Biomed Biotechnol. 2012;2012:347141. doi: 
10.1155/2012/347141. Epub 2012 Feb 15.

12. Theofilopoulos AN, Baccala R, Beutler B, Kono 
DH. Type I interferons (alpha/beta) in immunity and 
autoimmunity. Annu Rev Immunol. 2005;23:307-36.

13. Niewold TB, Clark DN, Salloum R, Poole BD. 
Interferon alpha in systemic lupus erythematosus. 
J Biomed Biotechnol. 2010;2010:948364. doi: 
10.1155/2010/948364. Epub 2010 Jun 29.

14. Kirou KA, Lee C, George S, Louca K, Peterson 
MG, Crow MK. Activation of the interferon-alpha 
pathway identifies a subgroup of systemic lupus 
erythematosus patients with distinct serologic 
features and active disease. Arthritis Rheum. 2005 
May;52(5):1491-503.

15. Bauer JW, Baechler EC, Petri M, Batliwalla 
FM, Crawford D, Ortmann WA, et al. Elevated 
serum levels of interferon-regulated chemokines 
are biomarkers for active human systemic lupus 
erythematosus. PLoS Med. 2006 Dec;3(12):e491.

16. Tucci M, Quatraro C, Lombardi L, Pellegrino C, 
Dammacco F, Silvestris F. Glomerular accumulation 
of plasmacytoid dendritic cells in active lupus 
nephritis: role of interleukin-18. Arthritis Rheum. 
2008 Jan;58(1):251-62. doi: 10.1002/art.23186.

17. Hirano T. Interleukin 6 and its receptor: ten years 
later. Int Rev Immunol. 1998;16(3-4):249-84.

18. Naka T, Nishimoto N, Kishimoto T. The paradigm 
of IL-6: from basic science to medicine. Arthritis Res. 
2002;4 Suppl 3:S233-42. Epub 2002 May 9.

19. Kitani A, Hara M, Hirose T, Norioka K, 
Harigai M, Hirose W, et al. Heterogeneity of B cell 
responsiveness to interleukin 4, interleukin 6 and 
low molecular weight B cell growth factor in discrete 
stages of B cell activation in patients with systemic 
lupus erythematosus. Clin Exp Immunol. 1989 
Jul;77(1):31-6.



ToƤ� � �  et al. Ȁ 
��Cǡ ͤ͢͠͡ ȋ�ol ͤȌ �o.͢ 

94  jsmc

20. Nagafuchi H, Suzuki N, Mizushima Y, Sakane T. 
Constitutive expression of IL-6 receptors and their 
role in the excessive B cell function in patients with 
systemic lupus erythematosus. J Immunol. 1993 Dec 
1;151(11):6525-34.

21. Takeno M, Nagafuchi H, Kaneko S, Wakisaka S, 
Oneda K, Takeba Y, et al. Autoreactive T cell clones 
from patients with systemic lupus erythematosus 
support polyclonal autoantibody production. J 
Immunol. 1997 Apr 1;158(7):3529-38.

22. Linker-Israeli M, Deans RJ, Wallace DJ, Prehn 
J, Ozeri-Chen T, Klinenberg JR. Elevated levels of 
endogenous IL-6 in systemic lupus erythematosus. 
A putative role in pathogenesis. J Immunol. 1991 Jul 
1;147(1):117-23.

23. Gröndal G, Gunnarsson I, Rönnelid J, Rogberg 
S, Klareskog L, Lundberg I. Cytokine production, 
serum levels and disease activity in systemic lupus 
erythematosus. Clin Exp Rheumatol. 2000 Sep-
Oct;18(5):565-70.

24. Tsai CY, Wu TH, Yu CL, Lu JY, Tsai YY. Increased 
excretions of beta2-microglobulin, IL-6, and IL-8 and 
decreased excretion of Tamm-Horsfall glycoprotein 
in urine of patients with active lupus nephritis. 
Nephron. 2000 Jul;85(3):207-14.

25. Takemura T, Yoshioka K, Murakami K, 
Akano N, Okada M, Aya N, et al. Cellular 
localization of inflammatory cytokines in human 
glomerulonephritis. Virchows Arch. 1994;424(5):459-
64.

26. Cash H, Relle M, Menke J, Brochhausen C, Jones 
SA, Topley N, et al. Interleukin 6 (IL-6) deficiency 
delays lupus nephritis in MRL-Faslpr mice: the IL-6 
pathway as a new therapeutic target in treatment 
of autoimmune kidney disease in systemic lupus 
erythematosus. J Rheumatol. 2010 Jan;37(1):60-70. 
doi: 10.3899/jrheum.090194. Epub 2009 Dec 1.

27. Hirohata S, Kanai Y, Mitsuo A, Tokano Y, 
Hashimoto H; NPSLE Research Subcommittee. 
Accuracy of cerebrospinal fluid IL-6 testing 
for diagnosis of lupus psychosis. A multicenter 
retrospective study. Clin Rheumatol. 2009 
Nov;28(11):1319-23. doi: 10.1007/s10067-009-1226-8. 
Epub 2009 Jul 12.

28. Ripley BJ, Goncalves B, Isenberg DA, Latchman 
DS, Rahman A. Raised levels of interleukin 6 
in systemic lupus erythematosus correlate with 
anaemia. Ann Rheum Dis. 2005 Jun;64(6):849-53.

29. Eilertsen GØ, Nikolaisen C, Becker-Merok A, 
Nossent JC. Interleukin-6 promotes arthritis and 
joint deformation in patients with systemic lupus 
erythematosus. Lupus. 2011 May;20(6):607-13. doi: 
10.1177/0961203310392432. Epub 2011 Mar 21. 

30. Al-Mutairi S, Al-Awadhi A, Raghupathy R, 
Al-Khawari H, Sada P, Al-Herz A, et al. Lupus 
patients with pulmonary involvement have a pro-
inflammatory cytokines profile. Rheumatol Int. 2007 
May;27(7):621-30. Epub 2006 Nov 14.

31. Petri M. Hopkins Lupus Cohort. 1999 update. 
Rheum Dis Clin North Am. 2000 May;26(2):199-213, 
v.

32. Petri M, Barr SG, Zonana-Nach A, Magder L. 
Measures of disease activity, damage, and health 
status: the Hopkins Lupus Cohort experience. J 
Rheumatol. 1999 Feb;26(2):502-3.

33. Isenberg D, Ramsey-Goldman R. Assessing 
patients with lupus: towards a drug responder index. 
Rheumatology (Oxford). 1999 Nov;38(11):1045-9.

34. Nicolas A. Boon, Nicki R. Colledge, Brain R. 
Walker, and John A. A. Hunter. Davidson’s Principles 
and Practice of Medicine. 20th ed. Churchill 
Livingstone, London, 2006; 28: 1318-1322.

35. Apostolidis SA, Lieberman LA, Kis-Toth K, 
Crispín JC, Tsokos GC. The dysregulation of 
cytokine networks in systemic lupus erythematosus. 
J Interferon Cytokine Res. 2011 Oct;31(10):769-79. doi: 
10.1089/jir.2011.0029. Epub 2011 Aug 30.

36. Gaubitz M. Epidemiology of connective tissue 
disorders. Rheumatology (Oxford). 2006 Oct;45 
Suppl 3:iii3-4.

37. George Bertsias, Ricard Cervera, and Dimitrios 
T Boumpas. Systemic Lupus Erythematosus: 
Pathogenesis and Clinical Features. EULAR 
Textbook on Rheumatic Diseases. 20th ed. Eular Fpp. 
Indd. , 2012; 476-505.

38. Weckerle CE, Niewold TB. The unexplained female 
predominance of systemic lupus erythematosus: 
clues from genetic and cytokine studies. Clin Rev 
Allergy Immunol. 2011 Feb;40(1):42-9. doi: 10.1007/
s12016-009-8192-4.

39. Hughes GC, Clark EA. Regulation of dendritic 
cells by female sex steroids: relevance to immunity 
and autoimmunity. Autoimmunity. 2007 
Sep;40(6):470-81.



The Correlation of Interferon-α and Interleukin-6 ...

  jsmc  95

40. Chapman BP, Khan A, Harper M, Stockman D, 
Fiscella K, Walton J, et al. Gender, race/ethnicity, 
personality, and interleukin-6 in urban primary care 
patients. Brain Behav Immun. 2009 Jul;23(5):636-42. 
doi: 10.1016/j.bbi.2008.12.009. Epub 2008 Dec 31.

41. Lupus Foundation of America, Inc. Statistics 
About Lupus. (cited February 13, 2004).

42. Ishaq M, Nazir L, Riaz A, Kidwai SS, Haroon 
W, Siddiqi S. Lupus, still a mystery: a comparison 
of clinical features of Pakistani population living in 
suburbs of Karachi with other Asian countries. J Pak 
Med Assoc. 2013 Jul;63(7):869-72.

43. Kirou KA, Lee C, George S, Louca K, Peterson 
MG, Crow MK. Activation of the interferon-alpha 
pathway identifies a subgroup of systemic lupus 
erythematosus patients with distinct serologic 
features and active disease. Arthritis Rheum. 2005 
May;52(5):1491-503.

44. Kim T, Kanayama Y, Negoro N, Okamura M, 
Takeda T, Inoue T. Serum levels of interferons in 
patients with systemic lupus erythematosus. Clin 
Exp Immunol. 1987 Dec;70(3):562-9.

45. Dina Shahin, Ahmed M. El-Refaey, Amany K. 
El-Hawary, Adel Abdel Salam, Sherine Machaly, 
Nashwa Abousamra, et al. Serum interferon-
alpha level in first degree relatives of systemic 
lupus erythematosus patients: Correlation with 
autoantibodies titers. Egyptian Journal of Medical 
Human Genetics. 2011 Nov;12(2):139–146.

46. Robak E, Sysa-Jedrzejewska A, Dziankowska B, 
Torzecka D, Chojnowski K, Robak T. Association 
of interferon gamma, tumor necrosis factor alpha 
and interleukin 6 serum levels with systemic lupus 
erythematosus activity. Arch Immunol Ther Exp 
(Warsz). 1998;46(6):375-80.

47. Sabry A, Sheashaa H, El-Husseini A, Mahmoud 
K, Eldahshan KF, George SK, et al. Proinflammatory 
cytokines (TNF-alpha and IL-6) in Egyptian patients 
with SLE: its correlation with disease activity. 
Cytokine. 2006 Aug;35(3-4):148-53. Epub 2006 Oct 5.

48. Ghada S. Azkalany, Tamer A. Gheita, Wafaa 
Gaber, Abeer Mohey. Clinical significance of serum 
TNFα and -308 G/A promoter polymorphism and 
serum Il-6 and -174 G/C promoter polymorphism 
in systemic lupus erythematosus patients. The 
Egyptian Rheumatologist. 2012 July; 34(3):119-125.

49. Baechler EC, Batliwalla FM, Karypis G, Gaffney 
PM, Ortmann WA, Espe KJ, et al. Interferon-inducible 
gene expression signature in peripheral blood cells 
of patients with severe lupus. Proc Natl Acad Sci U S 
A. 2003 Mar 4;100(5):2610-5. Epub 2003 Feb 25.

50. Feng X, Wu H, Grossman JM, Hanvivadhanakul 
P, FitzGerald JD, Park GS, et al. Association of 
increased interferon-inducible gene expression with 
disease activity and lupus nephritis in patients with 
systemic lupus erythematosus. Arthritis Rheum. 
2006 Sep;54(9):2951-62.

51. 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 
Jul;76(4):261-70. doi: 10.1002/cyto.b.20468.

52. Spronk PE, ter Borg EJ, Limburg PC, Kallenberg 
CG. Plasma concentration of IL-6 in systemic lupus 
erythematosus; an indicator of disease activity? Clin 
Exp Immunol. 1992 Oct;90(1):106-10.




