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Abstract: Our previous studies have shown that secreted extracellular

matrix-associated protein Cysteine rich angiogenic inducer 61 (Cyr61),

a novel proinflammatory factor, is involved in the pathogenesis of

rheumatoid arthritis (RA). However, whether Cyr61 has any effect in

systemic lupus erythematosus (SLE) remains unknown. This study aims

to assess the level of serum Cyr61 and to investigate the association of

serum Cyr61 and clinical disease activity in SLE. We found the level of

serum Cyr61 in patients with SLE was significantly higher than healthy

controls (P< 0.001), and Cyr61 was high expressed in renal tubule of

lupus nephritis compared to control. The sensitivity of Cyr61 in

diagnosis of SLE was 47.3%. In receiver operating characteristic

(ROC) curve analysis, the area under the curve (AUC) was 0.830, with

a 95% confidence interval (CI) from 0.776 to 0.885. Cyr61 was present

in 60.0%, 54.5%, and 41.5% of anti-double stranded DNA (dsDNA),

anti-antinuclear antibodies (ANA), and anti-Sm negative SLE patients,

respectively. Serum Cyr61 levels were significantly higher in high

systemic lupus erythematosus disease activity index (SLEDAI) group

than that in low SLEDAI group (P¼ 0.003). Correlation analyzes

showed a significant negative correlation between serum Cyr61 and

complements (C3) (P¼ 0.015), C4 (P¼ 0.04). Moreover, increased

Cyr61 level in SLE was associated with serum level of TNF-a, inter-

leukin 6 (IL-6), and IL-17. In conclusion, serum Cyr61 was increased in

patients with SLE which was associated with clinical disease activity

and inflammation in SLE, suggesting Cyr61 may be a novel potential

auxiliary marker for the diagnosis of SLE.

(Medicine 94(19):e834)

Abbreviations: ANA = antinuclear antibodies, C3 = complements,

Cyr61 = cysteine rich angiogenic inducer 61, DM = dermatomyositis,

dsDNA = double stranded DNA, IL = interleukin, MICD = mixed

connective tissue disease, RA = rheumatoid arthritis, ROC = receiver
Can Liu, Bin Yang, and Qishui Ou
T his work was supported by grants from the ‘‘National
Natural Science Foundation of China" (81401340) and

‘‘Youth Foundation of Fujian Provincial Health and Family
Planning Commission" (2014-1-52).

INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic systemic

autoimmune disease associated with an array of autoantibodies,
complements (C3), and cytokines.1 Although the etiology and
pathogenesis of SLE are still unclear, the chronic inflammatory
tissue damage is mediated at least in part by immune com-
plexes, autoantibodies, and autoreactive lymphocytes.1 It is well
known that auto-antibodies against nuclear components such as
double stranded DNA (dsDNA) or RNA-binding protein Smith
(Sm), Ro (SS-A), and La (SS-B) antigens, and so on, are
significantly higher in SLE patients.2 Moreover, as a hetero-
geneous autoimmune disease with a strong genetic component
modified by environmental exposures, complement system has
been linked to its pathogenesis because low serum complement
levels are demonstrated in patients with active disease.3,4 It is
found that the deposition of circulating immune complexes
(ICs) formed by these autoantibodies induces the damage of
endothelia cells of SLE patients.1 Tissue damage is mediated by
deposition of pathogenic autoantibodies and ICs in affected
organs and the deposition of ICs and infiltration of neutrophils
and activation of lymphocytes are central to organ inflammation
and dysfunction in SLE.3–5 The formation of ICs is one of the
principal ways of activating the classical pathway of the comp-
lement system that also has an important role in clearing
immune complexes from the circulation.6,7 In SLE, the role
of complement is complex because it may both prevent and
exacerbate the disease.5 Moreover, complement can affect the
activation of both B and T cells, leading to the production of
autoantibodies and cytokines.8 Nevertheless, it is getting to
know that cytokines such as interleukin 6 (IL-6), IL-17, and
tumor necrosis factor a (TNF-a), are intimately involved in the
pathogenesis of SLE, which influence uncontrolled lymphocyte
activation, increased antigen presenting cell maturation and
then defective immune regulation.9,10 However, the diagnosis
of SLE remains challenging partly because of the heterogeneity
of the disease, its evolutive nature and also because of the
limitations with presently available diagnostic tests. To explore
novel preinflammatory factors may be helpful to serve as
valuable diagnostic tools in combining with the autoantibodies
and provide potential insight regarding the pathogenesis of
SLE.2,10

Cysteine rich angiogenic inducer 61 (Cyr61,CCN1), is a
secreted, cysteine-rich, heparin binding extracellular matrix-
associated protein which is known to function in mediating cell
cell migration.11,12 Recently, Cyr61 is
proinflammatory factor and involved in
heumatoid arthritis (RA).13,14 In RA,
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Cyr61 increases fibroblast-like synoviocyte (FLS) proliferation
and results in hyperplasia;13 Cyr61 mediates inflammation and
tissue damage by promoting IL-6 and IL-8 production by
FLS;14,15 somatic p53 mutations in RA synovial tissue are
functionally linked to the inflammation process through a
mechanism involving miR-22 and Cyr61.16 Moreover, Cyr61
is found to promote type I macrophage and Th17 differen-
tiation,14,17 enhance T cells output from thymus,18 suggesting
that Cyr61 plays an important role in mediating the pathogen-
esis of RA.13,14,16 Nevertheless, whether Cyr61 plays any role in
the inflammation processes of SLE has not yet been explored,
and if so, whether Cyr61 is associated with clinical disease
activity in SLE, evenly, whether it can serve as a potential
inflammatory marker for the diagnosis of SLE.

In this study, we aim to explore the level of serum Cyr61 in
SLE patients to analyze the association of Cyr61 with clinical
disease activity and inflammatory cytokines, also, to evaluate
the potential diagnostic and pathogenesis value of Cyr61
in SLE.

MATERIALS AND METHODS

Study Population
One hundred ten patients with SLE fulfilled at least 4 of the

1997 revised American College of Rheumatology criteria for
the diagnosis of SLE were consecutively enrolled in our study.19

Sera from 100 healthy donors (HD) matched for gender and age
were recruited from blood donors to serve as controls. Serum
samples from 40 patients with RA, 20 patients with Sjogren’s
syndrome (SS), 20 patients with dermatomyositis (DM), 20
patients with mixed connective tissue disease (MICD), and 20
patients with scleroderma (SSc) were also collected. Patients
with RA and SSc were fulfilled the criteria of the American
College of Rheumatology.20,21 Patients with SS fulfilled the
American–European Group Criteria.22 Patients with MCTD
fulfilled the classification criteria described by Alarcon-Sego-
via.23 Patients with DM fulfilled criteria described by Medsger
and Oddis.24 All serum samples were split into aliquots and
stored at �80 8C until use. Study protocols were approved by
the Institutional Medical Ethics Review Board of The First
Affiliated Hospital of Fujian Medical University, Fuzhou,
China. Patients provided written or verbal consent before
inclusion in the study.

Enzyme-Linked Immunosorbent Assay (ELISA)
Sera Cyr61, IL-6, IL-10, IL-17, and TNF-a were measured

by ELISA (R&D System, MN, USA) according to the manu-
facturer’s recommendations. A standard curve was performed
for each plate and used to calculate the absolute concentrations
of each parameter. Each cytokine analysis was simultaneously
performed on all patients and control sera, thereby avoiding a
possible defrosting/refreezing bias.

Laboratory Analyses and Assessment of Disease
Activity

Laboratory data were obtained from medical records; no
analyses were performed on stored samples. Blood samples
were originally taken using standard procedures and analyzed in
the course of routine treatment. Enzyme-linked immunosorbent
assays (EUROIMMUNAG, Lubeck, Germany) were used to

Lin et al
quantify serum antinuclear antibodies (ANA) and dsDNA
according to the manufacturers’ protocols. Anti-ribonucleopro-
tein (RNP), -Sm, -SSA, and -SSB antibody levels were
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measured by line blot techniques (Euroimmun, Lubeck,
Germany). Erythrocyte sedimentation rate (ESR) was measured
by the Westergren method. Serum Igs (IgG, IgM, and IgA),
complements (C3, C4), and C-reactive protein (CRP) were
quantified by immunoturbidimetric assay (Dade Behring, Mar-
burg, Germany). The reference intervals for these serologic
parameters were: ANA (0–1 s/co), dsDNA (0–100 IU/mL),
ESR (0–15 mm/h), C3 (0.90–1.80 g/L), C4 (0.10–0.40 g/L),
CRP (0–8 mg/L), IgG (7.0–16.0 g/L), IgA (0.5–4.0 g/L), and
IgM (0.4–3.0 g/L).

Lupus activity was classified by systemic lupus erythema-
tosus disease activity index (SLEDAI) scores: no activity
(SLEDA¼ 0), mild activity (SLEDA¼ 1–5), moderate activity
(SLEDA¼ 6–10), high activity (SLEDAI¼ 11–19), and very
high activity (SLEDAI� 20).25 In this study, we classified
disease activity into 2 groups, low (SLEDAI� 5) and high
(SLEDAI� 6) groups by SLEDAI-2K.26

Real-Time PCR Analysis
Total RNA was extracted from SLE and HD peripheral

blood mononuclear cells (PBMC), and real-time PCR were
performed as previously reported.16 The primers used in this
study are shown in Supplemental Table 1.

Immunofluorescence Staining
Immunofluorescence staining was performed as previously

reported.16 Briefly, frozen renal cryosections from lupus nephri-
tis patients and individuals without renal disease which were
used as negative controls were stained for immunological
assessment of Cyr61 expression. Rabbit anti-human Cyr61
(Santa Cruz) in conjugation with goat anti-rabbit Alexa Fluor
488 (InvitrogenTM), mouse anti-human IgG (Cell Signaling
Technology Inc, MA, USA) in conjugation with goat anti-
mouse Alexa Fluor 555 (InvitrogenTM, OR, USA) and 4,6-
diamidino-2-phenylindole (DAPI) (Fluka, Seelze, Germany)
were used. Immunostainings were analyzed with a fluorescence
microscope (Zeiss Axioskop 2 plus).

Statistical Analysis
Data were presented as mean�SD or n (%), differences

between groups were analyzed by unpaired Student’s t test.
Comparisons of categorical variables were conducted using x2

testing. Correlation analyses were done by Microsoft Excel. To
evaluate the diagnostic performance, sensitivity was plotted
against (1-specificity) at different cut-off values for Cyr61
levels by receiver operating characteristic (ROC) analysis,
which was created by plotting the true positive rate against
the false positive rate at various threshold settings (The true-
positive rate is also known as sensitivity, the false-positive rate
is also known as 1-specificity). For all statistical analyses,
2-tailed P< 0.05 was considered statistically significant. All
statistical analyses were performed using the Statistical Package
for the Social Sciences, version 13.0 (SPSS Inc, Chicago, IL,
USA) or GraphPad Prism 4.0 (GraphPad Software, San Diego,
CA).

RESULTS

Demographic Characteristics of SLE Patients and
Healthy Controls

Medicine � Volume 94, Number 19, May 2015
In this cohort of 110 SLE patients, 98 were female (89%)
and 12 were male (11%), with ages from 13 to 72 years (median
age 34 years). Median disease duration was 6 years (0–32
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TABLE 1. Demographic Characteristic of SLE Patients and
Healthy Controls

SLE
Healthy
Controls

Age years, median (range) 34 (13–72) 32 (15–70)
Sex, no. (%) female 98 (89) 90 (90)
Sex, no. (%) male 12 (11) 10 (10)
Disease duration, year

median (range)
5 (0–32) /

Malar rash, no. (%) 48 (43.6) /
Nephropathy, no. (%) 30 (27.2) /
SLEDAI 7.18� 3.06 /

Medicine � Volume 94, Number 19, May 2015
years). Disease manifestations included malar rash, nephropa-
thy and SLEDAI. Demographic features were shown in Table 1.

Cyr61 is Increased in SLE Patients
Because Cyr61 is normally expressed at a low level in most

tissues but becomes highly expressed in tissue damage and
repair,27,28 and the pathomechanisms of lupus nephritis often
involves renal cell necrosis and proliferation of endothelial and
mesangial cells, we hypothesis that Cyr61 may increase in SLE.
Indeed, as shown in Figure 1, the positive cut-off value was 134
(represented by the dotted line) which was established by 2 SD
above the mean value for healthy controls. The serum level of
Cyr61 was higher in SLE patients compared to healthy controls
(P< 0.001, Figure 1). In other autoimmune diseases, such as

SLE¼ systemic lupus erythematosus, SLEDAI¼Systemic Lupus
Erythematosus Disease Activity Index.
RA, SSc, and DM, serum Cyr61 also increased (Figure 1).
Based on the previously defined threshold value of 134, the
sensitivity of Cyr61 levels for identification of SLE patients in

FIGURE 1. Serum level of Cyr61 in patients with SLE, healthy
controls and other autoimmune diseases. The dotted line marks
the cutoff value of 134 defined by meanþ2SD from healthy
controls. Differences between groups were analyzed by t test.
DM¼dermatomyositis, HC¼healthy control, MICD¼mixed
connective tissue disease, RA¼ rheumatoid arthritis, SLE¼ syste-
mic lupus erythematosus, SS¼Sjogren syndrome, SSc¼ sclero-
derma.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
this cohort were 47.3% (52/110, 52 patients was positive in all
110 SLE patients). Moreover, we investigated Cyr61 expression
in frozen renal specimens from lupus nephritis and individuals
without renal disease, and found that Cyr61 was high expressed
in renal tubule of lupus nephritis compared to control (Figure 2).
To further assess the predictive value of Cyr61 in diagnosis of
SLE, we performed ROC curve analysis, and the results shown
the area under the curve (AUC) was 0.830, with a 95%
confidence interval (CI) ranging from 0.776 to 0.885 (Figure 3).

Serum Cyr61 is Associated with Clinical Disease
Activity in Patients with SLE

To observe whether the clinical features have relations
with the level of Cyr61, we divided the patients into Cyr61
positive and negative subgroup. The results showed in the 110
SLE patients, there were significant differences between Cyr61
negative and Cyr61 positive subgroups with respect to C3, C4,
Sm (þ), RNP (þ), and SLEDAI (P< 0.05, Table 2). Further-
more, correlation analyses showed a significant negative cor-
relation between the serum level of Cyr61 and that of C3, C4
(Figure 4). Moreover, the difference in serum Cyr61 was
significant between the low SLEDAI (149.6� 136.1) and high
SLEDAI (206.7� 296.0) groups (P¼ 0.0132, Figure 5). Other
parameters were statistically similar between the 2 groups
(P> 0.05 for each parameter, Table 2). Thus, we concluded
that serum Cyr61 may be correlated to clinical disease activity
of SLE.

Frequency of Cyr61 in SLE Patients Lacking
Disease-Specific Antibodies

It is well known that some SLE patients were found ANA,
anti-dsDNA, or Sm negative, whether Cyr61 can capture some
patients with these specific autoantibodies negative? Of note,
Cyr61 was present in 54.5% (6/11) of ANA negative SLE
patients, 60% (9/15) of anti-dsDNA negative SLE patients,
and 41.5% (34/82) of anti-Sm negative SLE patients. Combined
with these alternative antibodies, Cyr61 was found positive in
an additional 5 SLE patients (Table 3).

Serum Cyr61 is Associated with Cytokines IL-10,
TNF-a, and IL-17 in SLE Patients

Furthermore, to determine whether the presence of Cyr61
was related to a particular cytokine profile in SLE patients, the
mRNA expression of IL-10, TNF-a, IL-17, and IL-6 was
evaluated. The results showed that TNF-a, IL-6, and IL-17
expression was increased in SLE patients and correlated with
serum Cyr61 (Figure 6). Moreover, the serum level of TNF-a
(84.96� 54.26 vs 54.97� 32.15, P¼ 0.040), IL-6
(89.62� 44.89 vs 63.21� 33.30, P¼ 0.036), and IL-17
(37.99� 22.95 vs 23.43� 15.83, P¼ 0.028) was higher in
Cyr61 positive group compared to Cyr61 negative group
(Table 4). No significant differences between patients and
controls or related to Cyr61 were detected regarding IL-10
expression and serum IL-10 (42.69� 25.98 vs 46.91� 29.37,
P¼ 0.641). Based on these data, we suggested that increased
serum Cyr61 may be associated with serum TNF-a, IL-6, and
IL-17 level in SLE patients.

DISCUSSION

Serum Cyr61 in Systemic Lupus Erythematosus
Cyr61 is a multifunctional matricellular protein that plays
essential roles in cardiovascular development, wound healing,
inflammation, and fibrogenesis.29,30 Aberrant Cyr61 expression
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is associated with various cancers31–33 and diseases associated
with chronic inflammation.34 We recently showed that Cyr61
was overexpressed in RA synovial tissue and that it played a
critical role in IL-17-stimulated proliferation of RA FLS.13 We
further showed that Cyr61 stimulated IL-6 production by FLS
via the avb5/Akt/NF-kB signaling pathway, which in turn
promoted Th17 cell differentiation.14 Moreover, we have found
that Cyr61 can promote IL-8 production by FLS and involved in
the inflammation and tissue damage of RA.15 However, whether
Cyr61 plays any effect in the pathogenesis of SLE remains
unknown.

In the present study, we first showed clinically significant

FIGURE 2. Expression of Cyr61 in the renal specimens of lupus n
patients and individuals without renal disease (Con: control) were st
expressed in renal tubule of LN. DAPI¼4,6-diamidino-2-phenylin
increase of serum Cyr61 level in SLE. Moreover, we found high
expression of Cyr61 in renal tubule of lupus nephritis by
immunofluorescence staining of renal specimens. As Cyr61

FIGURE 3. Receiver-operating characteristic (ROC) curves o
Cyr61 for the identification of SLE. AUC¼ area under the curve
CI¼ confidence interval, SLE¼ systemic lupus erythematosus.
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is highly expressed in tissue damage and repair, and lupus
nephritis often involves renal cell necrosis and proliferation of
endothelial cells, we supposed the high expression of Cyr61 in
renal tubule may contribute to the proliferation of renal tubule
epithelial cells of lupus nephritis. The increased expression of
Cyr61 by epithelial cells may secreted and released into the
blood by renal blood circulation which may result in high serum
Cyr61 level in SLE patients. Also, we speculated Cyr61 level
may increase in urine from patients of SLE. However, the
hypothesis needs to be proved by more experiments. Further
analysis showed a strong overall performance characteristics of
Cyr61 in the diagnosis of SLE (ROC curve analysis:
AUC¼ 0.830, 95% CI 0.776–0.885), with an optimal sensi-
tivity of 47.3%. Compared to 116 SLE-associated antibodies
described in the literature,2 most of which have a sensitivity
well below 45%, Cyr61 has good sensitivity. Moreover, when
combined with other relatively specific autoantibodies for SLE,
such as ANA, anti-Sm, and anti-dsDNA, Cyr61 can capture
additional patients testing negative for these autoantibodies,
suggesting the complementary potential of Cyr61 assessment
for the diagnosis of SLE.

To further assess whether increased serum Cyr61 in SLE
was associated with clinical disease activity, the patients were
divided into Cyr61-positive and Cyr61-negative subgroup
based on the cut-off value. Although there were no significant
correlations with parameters such as age, ANA, IgA, IgM, IgG,
CRP, ESR, WBC, or PLT, Cyr61 was negative correlated with
C3 and C4. It is known that complement is often strongly
activated in patients with SLE. Patients with active SLE often
have hypocomplementemia. Low total complement hemolytic
activity and decreased C3 and C4 levels have been found in SLE
patients which were associated with disease activity.3,5,35 In this
study, we found C3 and C4 levels were lower in Cyr61-positive
group compared to that of Cyr61-negative group, and the Cyr61
level was negative associated with C3 and C4. We also analyzed
the association of serum Cyr61 with SLEDAI which was an
index reflecting the disease activity of SLE. The results showed
the serum Cyr61 was higher in high SLEDAI group. Combined
with these founding, we thus suggested that high Cyr61 level in
SLE may correlate with heightened disease activity in
SLE patients.

The pathogenesis of SLE is complex. Cytokines play key

ritis patients. Frozen renal cryosections from lupus nephritis (LN)
ed with Cyr61 (green), IgG (Red), and DAPI (blue). Cyr61 was high
e

roles in the regulation of systemic inflammation and local tissue
damage. Some studies have shown that serum TNFa, IL-6, and
IL-17 levels are elevated in SLE patients and correlate with

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Comparison of Clinical and Laboratory Parameter of SLE Patients Between Cyr61 Positive and Those Without Cyr61
Groups

Cyr61 (þ, n¼ 52) Cyr61 (�, n¼ 58) P

Age (median, years) 34 (13–62) 33 (15–72)
Sex (female), no. (%) 44 (84.6) 54 (93.1)
ANA, mean�SD, s/co 4.59� 2.44 4.70� 2.13 0.819
dsDNA, mean�SD, IU/mL 265.79� 296.52 230.15� 210.72 0.473
C3, mean�SD, g/L 0.71� 0.27 0.84� 0.24 0.015

�

C4, mean�SD, g/L 0.12� 0.07 0.15� 0.08 0.022
�

IgA, mean�SD, g/L 2.76� 1.03 1.98� 1.17 0.358
IgG, mean�SD, g/L 17.18� 6.93 11.74� 2.58 0.243
IgM, mean�SD, g/L 1.21� 0.94 0.99� 0.29 0.375
CRP, mean�SD, mg/L 16.41� 4.89 15.65� 8.77 0.856
WBC, mean�SD, 109/L 5.54� 2.00 6.32� 2.86 0.133
PLT, mean�SD, 109/L 226� 67 226� 72 0.964
ESR, mean�SD, mm/h 32� 27 28� 21 0.557
SSA (þ), n (%) 28 (53.8) 36 (62.1) 0.383
SSB (þ), n (%) 6 (11.5) 10 (17.2) 0.397
Sm (þ), n (%) 18 (34.6) 10 (17.2) 0.037

�

RNP (þ), n (%) 29 (55.7) 21 (36.2) 0.040
�

SLEDAI 8.7� 2.6 5.6� 2.8 0.003
�

ANA¼ antinuclear antibodies, CRP¼C-reactive protein, dsDNA¼ double-stranded DNA, ESR¼ erythrocyte sedimentation rate,
Ig¼ immunoglobulin, PLT¼ platelets, RF¼ rheumatoid factor, RNP¼ ribonucleoprotein, SLEDAI¼Systemic Lupus Erythematosus Disease
Activity Index, WBC¼white blood cells.�

P< 0.05.

FIGURE 4. Associations between Cyr61 and C3, C4 of SLE patients. (A) Levels of C3 in SLE patients with Cyr61 positive or negative. (B)
Associations between serum Cyr61 and C3 in SLE patients. (C) Levels of C4 in Cyr61 positive or negative subgroup. (D) Associations
between serum Cyr61 and C4 in SLE patients. C3¼ complement 3, C4¼ complement 4, SLE¼ systemic lupus erythematosus.
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TABLE 3. Frequency of Cyr61 in SLE Patients With Absence of
SLE-Specific Autoantibodies

Cyr61 positive

Antibodies n n %

ANA (�) 11 6 54.5
dsDNA (�) 15 9 60.0
Sm (�) 82 34 41.5
ANA (�), dsDNA

(�), and Sm (�)
9 5 55.6

ANA¼ antinuclear antibodies, dsDNA¼ double-stranded DNA,

FIGURE 6. Expression of TNF-a, IL-17, IL-6, and IL-10 in SLE patients an
was significantly higher in SLE patients, and the presence of Cyr61 wa
IL-17. HC¼healthy controls, IL¼ interleukin, TNF¼ tumor necrosis fa

FIGURE 5. Comparison of serum Cyr61 between low and high
SLEDAI groups. Patients with high disease activity showed higher
serum Cyr61 levels than those with low SLEDAI (P¼0.0132).
SLEDAI¼Systemic Lupus Erythematosus Disease Activity Index.

Lin et al Medicine � Volume 94, Number 19, May 2015
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disease activity.10,36–38 So, we further investigated the associ-
ation of serum Cyr61 with the inflammatory factors. The results
showed that TNFa, IL-6, and IL-17 expression was increased in
PMBC of SLE compared to controls. Moreover, mRNA expres-
sion and serum level of these cytokines was higher in Cyr61
positive subgroup than in Cyr61 negative subgroup. These
findings indicated that serum Cyr61 was associated with the
inflammation in patients with SLE. However, whether the
Cyr61 could induce cytokines production as that in RA14

remained unknown. We know Cyr61 could elicit diverse func-
tions by binding to different types of integrin molecules such as

SLE¼ systemic lupus erythematosus, Sm¼RNA-binding protein
Smith.
avb3, avb5, aIIbb3, and a6b1 on different cells.39,40 In human,
we have identified that anb5 is Cyr61 receptor on RA FLS.13,14

We thus hypothesized that Cyr61 may be associated with

d healthy controls. Expression of TNF-a (A), IL-6 (B), and IL-17 (C)
s associated with the upregulated expression of TNF-a, IL-6, and
ctor, SLE¼ systemic lupus erythematosus.

�
P<0.05.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Cytokines Level Between Cyr61 Positive and Those Without Cyr61 Groups

Cyr61 (þ, n¼ 52) Cyr61 (�, n¼ 58) P

TNF-a, mean�SD, pg/mL 84.96� 54.26 54.97� 32.15 0.040
�

IL-6, mean�SD, pg/mL 89.62� 44.89 63.21� 33.30 0.036
�

IL-17, mean�SD, pg/mL 37.99� 22.95 23.43� 15.83 0.028
�

IL-10, mean�SD, pg/mL 42.69� 25.98 46.91� 29.37 0.641

Medicine � Volume 94, Number 19, May 2015 Serum Cyr61 in Systemic Lupus Erythematosus
inflammation through induced production of cytokines by bind-
ing to the integrin receptors. In the present study, we found that
with increased Cyr61 expression, integrin a6, and b1 expression
on PBMC derived from SLE patients increased (data was not
shown), suggesting that elevated serum level of Cyr61 may
induce the expression of TNFa, IL-6, or IL-17 in PBMC of
SLE patients by binding to the receptor a6b1. However, the
evidence was poor, more data was needed to prove ours hypo-
thesis.

As our results were from a single-center study with a
relatively small sample size, it may bias the association between
Cyr61 and SLE. However, we presented initial evidence that
Cyr61 was increased in serum of SLE patients which was
associated with clinical disease activity and inflammation in
SLE patients. Cyr61 appear to be a potential useful adjunct to
the existing SLE associated autoantibodies. In addition, serum
Cyr61 was also found increased in RA, SSc, and DM in this
study; however, whether increased Cyr61 was associated with
clinical disease activity of these autoimmune diseases need to
be studied.

In summary, our results showed serum Cyr61 was elevated
in SLE patients with relative high sensitivity. The increased
Cyr61 level in SLE was associated with the clinical disease
activity and inflammatory factors. Given the critical role of
disease activity and inflammation in diagnosis of SLE, we
suggest that Cyr61 may be a novel potential auxiliary marker
for the diagnosis of SLE.
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