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Abstract: Background: Fractalkine (Fkn, CX3CL1) is a membrane-bound chemokine with a domain
which can induce both adhesion and migration of leukocytes and is involved in the recruitment of
cells into tissues undergoing inflammatory responses. Since Fkn is expressed in many tissues, we
suggest that it may be implicated in the pathogenesis of systemic lupus erythematosus (SLE). The aim
of this study is to determine soluble Fkn (sFKN) levels in SLE and to assess their relationship with
disease activity and renal impairment. Method: Levels of sFkn in serum were measured in 20 SLE
patients who divided into active and inactive according to SLE Disease Activity Index (SLEDAI) and
10 healthy individuals as a control group using enzyme-linked immunosorbent assay. Expression of
Fkn CX3CL1 mRNA was quantified using real-time polymerase chain reaction. Results: There was
a highly significant increase in serum sFkn levels in active SLE patients when compared to inactive
patients and control group, while there was a significant increase in sFkn levels in inactive patients
when compared to control group. Also, there were highly significant increases in Fkn (CX3CL1)
mRNA expression in active SLE patients when compared to inactive SLE patients and control group,
while there were no significant differences in (CX3CL1) mRNA expression in inactive SLE patients
when compared to control group. The serum sFkn levels in active SLE show highly significant
positive correlation with SLE disease activity index (SLEDAI), urea and createnin, while a significant
positive correlations were found between sFkn , dsDNA, ESR and CRP. Conclusion: Soluble Fkn may
play key role in the pathogenesis of SLE, including the renal involvement. Soluble Fkn is also a
serologic marker of disease activity and renal impairment in patients with SLE.
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INTRODUCTION

Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by multiorgan damage with
infiltration and sequestration of various leukocyte subpopulations, and by the presence of autoantibodies (Ruiz-
Irastoza et al., 2001). Its etiology is known to involve dysregulation of the immune system, leading to a
functional imbalance of T cell subsets, production of a wide range of autoantibodies, and polyclonal B cell
activation. In addition, the importance of dysregulation of cytokine expression has been noted (Dean et al.,
2000).

The role of vascular injury in the pathogenesis of SLE has been well described. Circulating immune  

complexes of autoantibodies and self-antigens are deposited in the vascular walls of SLE patients and activate  

the complement pathways. The resulting complement products stimulate leucocytes to injure the vascular 

endothelium, leading to blood vessel destruction and organ injury (e.g. glomerulonephritis and vasculitis) (Ho 

et al., 2003). 
CX3CL1, also known as fractalkine or neurotactin, is synthesized as a type I transmembrane protein. Its

unique CX3C chemokine domain is attached to a 241-amino acid mucin stalk, a 19-amino acid transmembrane
domain, and a 37-amino acid intracellular domain of unknown function (Bazan et al., 1997 and Pan et al.,
1997). The soluble form of CX3CL1 (sCX3CL1) reportedly exerts a chemotactic effect on monocytes, NK cells
and T lymphocytes. Acting via its receptor, CX3CR1, sCX3CL1functions as an adhesion molecule able to
promote firm adhesion of a subset of leukocytes to endothelial cells (ECs) under conditions of physiological
flow (Umehara et al., 2001).
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Studies of vasculitis (Lucas et al., 2001and Cockwell et al., 2002) have shown ECs  to be the major
cellular source of CX3CL1, and EC-derived CX3CL1 likely plays a key role in such pathological conditions
as vascular inflammation, glomerulonephritis and pulmonary arterial hypertension (Umehara et al., 2004). Thus,
CX3CL1 appears to possess immunoregulatory properties that affect inflammatory and immune cell-EC
interactions and inflammatory responses at inflamed sites. Indeed, investigations by several groups, have
implicated CX3CL1 in a variety of inflammatory disorders, including glomerulonephritis, RA, systemic sclerosis
and SLE (Hasegawa et al., 2005 and Yajima et al., 2005).
Aim of the study:

The aim of the present study was to determine serum levels of sFkn in SLE patient and to assess the
relationship of these levels with disease activity and renal impairment.

Subjects and Methods:

This study was carried on twenty female patients with SLE, attend the out-patient clinics and those
admitted to Internal Medicine Department of Al-Zahraa University Hospital.
- All patients fulfilled the American Rheumatology Association (ARA) criteria for diagnosis of SLE (Tan

et al., 1982).
- SLE patients were classified into two groups, active and inactive according to the SLE Disease Activity

Index (SLEDAI) (Bombardier et al., 1992):
1- Group I included 10 female patients with active SLE, their ages ranged from 17and 34 years old with a

mean ±SD of (23.8±5.31). 
2- Group II included 10 patients with inactive SLE, their ages ranged from 17 to 52 years old with a mean

±SD of (26.16±9.6).
The study also included 10 healthy volunteers who were clinically and laboratory free served as a control
group.
All patients and controls were subjected to the following:
1- Full history and clinical examination.
2- Laboratory investigations: Blood samples were taken from patients and control subjects.
Each blood sample was divided into two portions as follows: 
- First portion (5ml) was collected into EDITA containing tube for CBC estimation using fully automated

cell counter, and for ESR estimation by Westegren method.
- Second portion (5ml) was put in a plan tube, left to clot then centrifuged at 1600 rpm for 20minutes and

serum was separated and used for estimation of: 
- Kidney function tests were done on Hitachi 911 auto-analyzer.
- C-reactive protein (CRP), was detected by latex agglutination slide test, using Biocientifica S.A Kit.

Positive test: agglutination will occur within 2 minutes, showing a CRP level equal or higher than 8 mg/l
(Tillet and Francis, 1930). 

- Anti-double stranded DNA (ds DNA) antibody detected by indirect immunofluorescence method using kit
from Biosystem S.A. Costa Brava 30, Barcelona (Spain) CAT. NO (M44508i-0626): 1:20 diluted patient
sera (containing Ab) was added to the Ag preparation fixed to the slides (Crithidia Lucilliae fixed slide).
After incubation, slides were washed three times and antigen antibody reaction was determined by adding
a fluorescein lapelled anti-globulin which will attach to the Ab and give positive fluorescein under UV
(Melnicoff, 1993).  

- Soluble Fractalkine (sFkn) was detected by ELISA Kits from R&D system, Minneapolis-MN, USA;
Catalogue number DY365. Briefly, standards, samples and controls were pipetted into wells, pre-coated
with monoclonal antibody specific for Fkn, any Fkn present is bound by the immobilized antibody. After
washing away any unbound substances, an enzyme linked polyclonal antibody specific for Fkn 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 Fkn bound in the first step. The
reaction stopped with the addition of stop solution and the microtiter plate was then read at 450nm wave
length. The level of Fkn was calculated from standard curve corresponding to the measured optical density.
The results were expressed as pg/ml.  

- Expression of Fkn CX3CL1 mRNA by PCR: Total RNA extracted from PBMCs was reverse transcribed,
and then real- time PCR was carried out in a Light Cycler , standards for Fkn were loaded every time
and assigned a value of 100 units. The primers used in the PCR were as follows: for human Fkn, 5-

GCTGAGGAACCCATCCAT (sense) and 5 GAGGCTCTGGTAGGTGAACA (antisense); for actin, which-

served as an internal contro l,  5 CCCAAG GCCAACCGCGAG AAGAT  (sense) and  5- -
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GTCCCGGCCAGCCAGGTCCAG (antisense) (Yajima et al., 2005).

Statistical Analysis: 

Data was analyzed using Microsoft Excel 2007. Parametric data was expressed as mean ± SD and non-
parametric data was expressed as number and percentage. Student’s t test was done to compare between
groups. Pearson Correlation Coefficient was done to correlate between different parameters among groups. p
value of > 0.05 considered non significant, p value of � 0.05 considered significant, p value of < 0.01 was
considered highly significant.

Results

The results and data were collected and analyzed in Tables (1 - 6) and Figs. (1 and 2). Table (1) shows
highly significant increase in sFkn levels in active when compared to inactive SLE patients and control group,
while there is a significant increase in sFkn levels in inactive SLE patients when compared to control group.

Table 1: Comparison of sFkn levels by ELISA between all studied groups.
Studied variables Controls (N=10) Inactive SLE (N=10) Active SLE (N=10) P- value

M ean ± SD M ean ± SD M ean ± SD
sFkn(ELISA) pg/ ml 70.5±6.85 282±251.73 1003.5±401.37 P1 0.001**

P2 0.001**
P3   0.05*

P1 between active and inactive, p2 between active and controls, P3 between inactive and control.

Fig. 1: Comparison of sFkn levels by ELISA between all studied groups.

Table (2) shows highly significant increase in Fkn (CX3CL1) mRNA expression in active when compared
to inactive SLE patients and control group, while there is no significant differences in (CX3CL1) mRNA
expression in inactive SLE patients when compared to control group.

Fig. 2: Comparison of Fkn (CX3CL1) mRNA expression by PCR between SLE patients and control group. 
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Table 2: Comparison of Fkn (CX3CL1) mRNA expression by PCR between SLE patients and control group.
Studied variables Controls (N=10) Inactive SLE (N=10) Active SLE (N=10) P- value

M ean ± SD M ean ± SD M ean ± SD
Fkn (CX3CL1) 0.23±0.036 0.26±0.04 0.57±0.20 P1< 0.000**

P2 0.001**
P3  0.05P1 between active and inactive ,p2 between active and controls, P3 between inactive and control.

Table (3) shows highly significant increase in Ur and Cr levels in active SLE patients when compared to
inactive patients and control group. Also there was a significant increase in Ur and Cr levels in inactive SLE
patients when compared to control. 

Table 3: Comparison of kidney functions between all studied groups.
Studied variables Controls (N=10) Inactive SLE (N=10) Active SLE (N=10) P- value

M ean ± SD M ean ± SD M ean ± SD
Urea(Ur) (mg/dl) 23±3.30 28.5±4.01 60±5.50 P1< 0.01**

P2< 0.01**
P3< 0.01**

Createnin(Cr) (mg/dl) 0.65±0.18 0.9±0.31 1.94±0.46 P1< 0.01**
P2< 0.01**
P3 < 0.05*

P1 between active and inactive, p2 between active and controls, P3 between inactive and control.

Fig. 3: Comparison of Ur and Cr between all studied groups.

Table (4) shows highly significant positive correlation between sFkn and SLE disease activity index
(SLEDAI), dsDNA,Ur and CR, while a significant positive correlations were found between sFkn, ESR and
CRP.

Table (5) shows highly significant positive correlation between Fkn (CX3CL1) mRNA expression and SLE
disease activity index (SLEDAI), dsDNA,Ur and CR, while a significant positive correlations were found
between Fkn (CX3CL1) mRNA expression, ESR and CRP.

Table (6) shows no significant correlation between sFKn and other variables in inactive SLE patients.

Table 4: Correlation between sFkn by ELISA and studied variables in active SLE group.
Parameter r P value Significance
SLEDAI 0.932 < 0.01 HS
dsDNA 0.882 < 0.01 HS
RBCs ×10 /cmm 0.239 > 0.05 NS6 

WBCs   ×10 /cmm 0.149 > 0.05 NS3 

PLT ×10 /cmm -0.073 > 0.05 NS3 

ESR (mm/hr) 0.686 < 0.05 S
CRP 0.750 < 0.05 S
Ur  (mg/dl) 0.878 < 0.01 HS
Cr  (mg/dl) 0.939 < 0.01 HS
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Table 5: Correlation between Fkn (CX3CL1) mRNA expression by PCR and studied variables in active SLE group.
Parameters r P value Significance
SLEDAI 0.756 < 0.01 HS
dsDNA 0.693 < 0.01 HS
RBCs ×10 /cmm 0.457 > 0.05 NS6 

WBCs   ×10 /cmm 0.137 > 0.05 NS3 

PLT ×10 /cmm -0.176 > 0.05 NS3 

ESR (mm/hr) 0.619 < 0.05 S
CRP 0.561 < 0.05 S
Ur  (mg/dl) 0.812 < 0.01 HS
Cr  (mg/dl) 0.879 < 0.01 HS

Table 6: Correlation between sFkn by ELISA and studied variables in inactive SLE group.
Parameter r P value Significance
dsDNA -0.272 > 0.05 NS
RBCs ×10 /cmm -0.375 > 0.05 NS6 

WBCs   ×10 /cmm -0.338 > 0.05 NS3 

PLT ×10 /cmm -0.458 > 0.05 NS3 

ESR (mm/hr) 0.175 > 0.05 NS
CRP -0.337 > 0.05 NS
Ur  (mg/dl) -0.215 > 0.05 NS
Cr  (mg/dl) -0.249 > 0.05 NS

Discussion:

Systemic lupus erythematosus (SLE) is a rheumatic inflammatory/ autoimmune disease in which innate
and adaptive immune response are involved. In consequence different mechanisms immune/ inflammatory
participate in endothelial damage and coagulation pathways activation. Although the exact cause of SLE
remains elusive, increasing evidence indicates vascular injury as a major factor in SLE pathogenesis (Pizarro
et al., 2007).  

In the present study we determine the serum levels of soluble Fkn (sFKN) in SLE patients in attempt to
define its possible role in the pathogenesis of SLE and to assess its relationship with disease activity and renal
impairment. 

Fractalkine (CX3CL1) is the unique member of the CX3C chemokine subfamily. In contrast to other 

chemokines, it exists in two forms, each mediating distinct biological actions. The membrane-anchored protein,  

which is primarily expressed on the inflamed endothelium, serves as an adhesion protein promoting the retention  

of monocytes and T cells in inflamed tissue (Bjerkeli et al., 2007).
The soluble form resembles more a conventional chemokine and strongly induces chemotaxis. Both  

chemotaxis and adhesion are mediated by the G protein-coupled receptor CX3CR1. Based on these chemotactic 

and adhesive properties, CX3CL1 has been thought to play an important role in inflammation, and indeed, 

accumulating evidence indicates that CX3CL1/CX3CR1 are involved in the pathogenesis of various  

inflammatory disorders such as glomerulonephritis, rheumatoid arthritis and systemic lupus erythematosus (SLE) 

(Bjerkeli et al., 2007).   

Our present study show highly significant increase in sFkn levels in active SLE patients when compared
to inactive patients and control group, while there is a significant increase in sFkn levels in inactive patients
when compared to control group. This findings were in agreement of Yajima et al. (2005) who found that
Serum levels of sFkn were significantly higher in patients with SLE (mean ±SEM 452.7 ± 118.0 pg/ml) than
in healthy controls (mean ± SEM 3.2 ±3.2 pg/ml;(P �0.01). 

Also, our findings were in coincidence with Sato et al. (2006), who reported that serum levels of soluble
CX3CL1 in patients with SLE (402.28 pg/ml) were higher than those in patients with other autoimmune
disorders.

The present study show highly significant increase in Fkn (CX3CL1) mRNA expression in active SLE
patients when compared to inactive SLE patients and control group, while there is no significant differences
in (CX3CL1) mRNA expression in inactive SLE patients when compared to control group. In contrast to our
findings, Yajima et al. (2005) found that Fkn expression in peripheral blood mononuclear cells (PBMCs) from
active SLE and control group was markedly weak, and no significant difference between two groups was
observed. 

Furthermore we found a highly significant positive correlation between sFkn and SLE disease activity
index (SLEDAI) and dsDNA. Our finding were in coincidence of Yajima et al. (2005), who observed that
serum levels of sFkn were positively correlated with disease activity as measured by the SLEDAI (r =0.351,
P �0.05) and were also positively correlated with anti–double-stranded DNA (anti-dsDNA) antibody titers (r
=0.300, P �0.05). 
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As regard to kidney function tests, we found that there were a highly significant increase in Ur and Cr
levels in active SLE patients when compared to inactive patients and control group. Also, there was a
significant increase in Ur and Cr levels in inactive SLE patients when compared to control group. Our results
were agree with Ho et al. (2003), who stated that, elevated serum creatinine and urea concentrations are 

commonly used for the assessment of impaired glomerular function, which may be caused by circulating 

nephritogenic autoantibodies and immune complexes. 

In conclusion, sFkn and may play important role in the pathogenesis of SLE, including the renal
involvement. Soluble Fkn is also a serologic marker of disease activity in patients with SLE, and its
measurement may be useful for the diagnosis of renal impairment and the follow up of patients with SLE
associated with renal dysfunction.
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