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Abstract. Measurement of disease activity in patients with 
systemic lupus erythematosus (SLE) is important for moni-
toring disease progression and evaluating the therapeutic 
effects. The severity of organ damage correlates with clinical 
status and prognosis. Therefore, it is imperative to find an 
effective biomarker measuring disease activity and organ 
damage for SLE management. The present study investigated 
the possibility of serum calreticulin (CRT) in the assessment 
of disease activity and organ damage in SLE patients. Serum 
CRT levels from 80 patients with SLE, 55 patients with other 
autoimmune diseases and 60 healthy controls (HC) were 
measured by ELISA. Disease activity was assessed using the 
Systemic Lupus Erythematosus Disease Activity Index 2000 
(SLEDAI‑2K) scores. Organ damage was evaluated with the 
Systemic Lupus International Collaborating Clinics/American 
College of Rheumatology Damage Index. CRT levels in SLE 
were significantly higher than that in other autoimmune 
diseases and HC. CRT was correlated with SLEDAI‑2K score 
(r=0.3345, P=0.0024), and with anti‑double‑stranded DNA 
(anti‑dsDNA) (r=0.4483, P<0.0001). A significant negative 
correlation of CRT levels with complement  3 (r=‑0.3635, 
P=0.0009) and complement  4 (r=‑0.3507, P=0.0014) was 
observed in patients with SLE. Furthermore, the patients 
with SLE and a positive anti‑Ro52 result had higher levels 
of CRT compared with those with a negative anti‑Ro52 
result (P<0.001). Elevated levels of CRT were also reported 
among patients with SLE who also indicated the presence of 

cumulative organ damage. In addition, increased expression of 
CRT correlated with the presence of lupus nephritis. In conclu-
sion, the results of the current report provided that CRT may 
be used as a potential biomarker for clinical diagnosis and of 
prognosis, providing additional information regarding disease 
activity and organ damage alongside other traditional indices.

Introduction

Systemic lupus erythematosus (SLE) is a chronic complex 
multisystem autoimmune disease that is characterized by 
the production of diverse autoantibodies  (1,2). The loss of 
immune tolerance to self‑antigens results in the activation of 
the immune system to produce autoantibodies, which leads to 
clinical manifestations including lupus nephritis (LN), nonde-
structive arthritis, cutaneous rash, vasculitis, central nervous 
system and cardiopulmonary symptoms (3). The selection of 
an intensive treatment strategy for clinical remission of SLE 
is based on the assessment of the disease activity; therefore, 
measurement of disease activity has become an essential step 
in monitoring disease progression and assessing therapeutic 
effects (4).

Calreticulin (CRT) is a 46 kDa Ca2+ binding chaperone 
that has multiple functions both inside and outside of the 
endoplasmic reticulum, including Ca2+ homeostasis and glyco-
protein folding (5). Previous studies have revealed that CRT 
is implicated in a number of autoimmune processes, such as 
molecular mimicry, epitope spreading, complement inactiva-
tion, and stimulation of inflammatory mediators (6‑9). These 
findings suggest that CRT not only acts as an autoantigen, 
but also serves an active role in the pathological processes 
of various autoimmune diseases  (5,10). Previous findings, 
showed an elevation of CRT concentration in the serum 
of patients with SLE and its relation to this autoimmune 
disorder (11‑13). However, to the best of our knowledge, the 
association of CRT with disease activity and organ damage 
has not been reported.

The present study evaluates the levels of serum CRT in 
patients with SLE and its correlation to SLE disease activity 
and organ damage. Currently, the systemic lupus erythema-
tosus disease activity index 2000 (SLEDAI‑2K) score is widely 
utilised to assess disease activity in SLE patients (14,15). The 
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current study investigated the association of serum CRT with 
SLEDAI‑2K scores, and other conventional markers of SLE 
disease activity, including complement 3 (C3), complement 4 
(C4) and anti‑double‑stranded DNA (anti‑dsDNA). Besides 
those markers, the correlation between serum CRT levels and 
anti‑Ro52 was also analyzed in the patients with SLE, based 
on a previous study by Kvarnstrom et al (16) reporting that 
anti‑Ro52 is significantly associated with disease activity in 
patients with SLE. In addition, correlation between the level 
of CRT and organ damage (defined as chronic, nonreversible 
change, not associated with active inflammation, occurring 
since the onset of lupus and present for at least 6 months) were 
also investigated in the present study. Organ damage was eval-
uated in this investigation using Systemic Lupus International 
Collaborating Clinics/American College of Rheumatology 
Damage Index (SDI), which is a widely accepted tool to 
measure organ damage and regarded as the gold standard for 
this kind of assessment (17).

Materials and methods

Patients and samples. Serum samples of patients were 
obtained from 80 patients with SLE, 55 patients with other 
autoimmune disease (16 Sjögren's syndrome, 19 ankylosing 
spondylitis, 20  systemic scleroderma) and 60 age and 
gender‑matched healthy control subjects (HC) (Table I). All 
patients with SLE fulfilled the American College of Rheuma-
tology 1997 criteria for SLE (18). Patients with other diseases 
fulfilled their corresponding diagnostic criteria (19‑21). The 
control group comprised healthy volunteers with no history of 
autoimmune disease or immunosuppressive therapy. Tianjin 
Medical University (Tianjin, China) provided ethical approval 
for all experiments. Informed consent was obtained from all 
patients and the control subjects.

Sample preparation. All serum samples were centrifuged at 
1,800 x g for 10 min, immediately aliquoted and stored at 
‑80˚C. All samples were only allowed to thaw once.

Determination of CRT levels in serum samples by ELISA. The 
concentration of CRT in serum was measured by sandwich 
ELISA (catalogue no. xl‑Em1860; Xinle Biology Co., Ltd., 
Shanghai, China) according to the manufacturer's instructions. 
Optical density values of each well were assessed using an 
ELISA plate reader (Multiskan MK3; Thermo Scientific Inc., 
Waltham, MA, USA) at 450 nm.

CRT expression in serum by western blot analysis. All serum 
samples were diluted and denatured for 5 min at 95˚C following 
addition of loading buffer. The serum proteins (20 µg in total) 
were separated by 10% sodium dodecyl sulfate‑polyacryl-
amide gel electrophoresis and subsequently were transferred 
to the polyvinylidene difluoride membrane for 1 h at a constant 
current of 250 mA. The membrane was blocked for 1 h at 
room temperature in 5% skim milk/TBST (20 mM Tris‑HCl, 
pH 7.6, 137 mM NaCl and 0.05% Tween 20) and incubated 
with rabbit anti‑human CRT polyclonal antibody (PA3‑900; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) and 
rabbit anti‑human serum albumin antibody (ab83465; Abcam, 
Cambridge, UK), which served as a control, for 1 h at room 

temperature (dilution, 1:2,500 in 5% skim milk/TBST). After 
washing for 30 min with TBST three times, the membranes 
were incubated with horseradish peroxidase‑conjugated goat 
anti‑rabbit immunoglobulin G (Bioworld, Irving, TX, USA) 
for 1 h at room temperature (dilution, 1:1,000 in 5% skim 
milk/TBST). Following washing, proteins were detected with 
an enhanced chemiluminescence system (Solarbio Bioscience 
and Technology Co., Ltd., Shanghai, China). These data were 
then analyzed using ImageJ 1.43 software. CRT expression 
was normalized against albumin expression.

Clinical and laboratory measurements. Serum samples were 
collected from each patient with SLE, routine hematological 
tests were performed and serum was separated and used for 
biochemical tests and immune assays. The following clinical 
and laboratory data were collected: Age, gender and levels of 
anti‑dsDNA, C3, C4 and anti‑Ro52. Anti‑dsDNA antibodies 
were tested by ELISA (catalogue no. ORG 204G; Orgentec 
Diagnostika GmbH, Mainz, Germany), serum concentra-
tions of complement factors C3 and C4 were determined by 
immunization rate scattering turbidimetry (Beckman Coulter, 
Inc., Brea, CA, USA)  (22) and anti‑Ro52 was detected by 
ANA Profile 3 EUROLINE (catalogue no. DL 1590‑1601‑3G, 
Oumeng Co., Beijing, China), according to the manufacturer's 
instructions.

Statistical analysis. Data are presented as mean ± standard 
deviation. Statistical analyses were performed with SPSS 
software 16.0 (SPSS Inc., Chicago, IL, USA). Differences 
among groups were analyzed with one‑way analysis of 
variance (ANOVA). Student‑Newman‑Keuls test was used 
for a comparison between groups. Correlation was deter-
mined by Pearson's correlation coefficient. P‑value of <0.05 
were considered to represent a statistically significant 
difference.

Results

Clinical characteristics of the participants. The detailed 
clinical characteristics of the participants are shown in Table I. 
There was no significant difference in gender and age amongst 
the groups (P>0.05).

Increased levels of CRT in serum from patients with SLE. 
Serum CRT levels were measured by ELISA. Data of CRT 
levels from three groups was analyzed by one‑way ANOVA. 
The difference among these groups was statistically 
significant (F=7.589; P<0.001). Pairwise comparisons were 
performed using the Student‑Newman‑Keuls test, revealing 
that CRT levels in patients with SLE (4.740±0.646 ng/ml) were 
significantly higher than those of other autoimmune diseases 
(4.008±0.815 ng/ml) and HC (3.703±0.582 ng/ml) (P<0.001; 
Fig. 1A).

Western blotting analysis was used to detect the serum 
CRT from the serum samples of SLE and HC. CRT levels 
were increased in SLE patients compared with HC (Fig. 1B). 
The integrated optical density of SLE (23,764±4.685) was 
significantly higher than HC (11,532±4,936; P<0.05). The 
integrated optical density of serum albumin was also analyzed 
(36,540±18,653). CRT expression relative to albumin in patients 
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with SLE (0.60±0.14) was significantly higher compared with 
HC (0.23±0.07, P<0.01; Fig. 1C).

Correlation of serum CRT levels with disease activity in 
SLE patients. To investigate whether the expression of CRT 
levels in SLE serum were correlated with disease activity, 
CRT levels and disease activity indices (SLEDAI‑2K, C3, 
C4, anti‑dsDNA) were compared and analyzed by Pearson's 
correlation coefficient. In accordance with the SLEDAI‑2K 
flare scoring system (23), SLE patients were divided into three 
groups: i) Patients with stable disease (SLEDAI‑2K scores 
from 0 to 4); ii) patients with a mild flare (SLEDAI‑2K scores 
from 5 to 10); and iii) SLE patients with a moderate to severe 
disease flare (SLEDAI‑2K scores >10). CRT levels were 
significantly increased in patients with SLE who had a mild 
flare and a moderate to severe flare of disease than in patients 
without flare (Fig. 2A). In addition, a significant correlation 
was observed between CRT levels and SLEDAI‑2K scores in 
SLE patients (r=0.3345, P=0.0024) (Fig. 2B).

Complement deficiency is often observed in SLE with 
active disease, and C3 is therefore another index of disease 
activity (24,25). In the present study, CRT expression was 
significantly increased in patients with SLE who had a low 
level of C3 (<90 mg/dl) compared with those with normal 
levels of C3 (P<0.05; Fig. 2C). It was additionally revealed 
that C3 levels were negatively correlated with CRT levels 
(r=‑0.3635, P=0.0009) (Fig. 2D).

Correlation of serum CRT level with other disease 
activity markers like C4 and anti‑dsDNA were also analyzed. 
A significant negative correlation between CRT level and 
C4 level was observed (r=‑0.3507, P=0.0014) (Fig.  2E), 
and a significant positive correlation between CRT level 
and anti‑dsDNA level was also demonstrated (r=0.4483, 
P<0.0001) (Fig. 2F).

As reported in Fig. 3A, patients with SLE who were posi-
tive for anti‑Ro52 demonstrated significantly increased levels 
of CRT compared to patients negative for anti‑Ro52. Further-
more, SLE patients with a positive anti‑Ro52 result reported 

Table I. Baseline characteristics of the study populations.

Characteristic	 SLE (n=80)	 Other autoimmune diseases (n=55)	 Healthy control (n=60)

Age, years	 35±12	 40±14	 38±14
Gender, n			 
  Female	 71	 42	 41
  Male	 9	 13	 19
Disease duration, years	 4.52±3.81	 4.83±3.68	‑
Anti‑dsDNA, IU/ml	 309.69±238.47	‑	‑ 
C3, mg/dl	 82.7±37.8	‑	‑ 
C4, mg/dl	 16.3±6.80	‑	‑ 
SLEDAI‑2K	 10.81±5.02	‑	‑ 
SDI	 0.82±1.12	‑	‑ 

Values are presented as mean  ±  standard deviation. SLE, Systemic lupus erythematosus; anti‑dsDNA, anti‑double‑stranded DNA; C3, 
complement 3; C4, complement 4; SLEDAI‑2K, Systemic Lupus Erythematosus; Disease Activity Index 2000 score; SDI, Systemic Lupus 
International Collaborating Clinics/American College of Rheumatology Damage Index.

Figure 1. Increased levels of CRT in the serum of SLE patients. (A) ELISA 
analysis of serum CRT in patients with SLE and other autoimmune diseases 
and HC (n=80, 55 and 60, respectively). ***P<0.001 (B)  Representative 
western blot analysis of CRT expression in the serum of patients with SLE 
and HC. (C) CRT expression relative to albumin in the serum of patients with 
SLE and HC. **P<0.01. CRT, calreticulin; SLE, systemic lupus erythema-
tosus; HC, healthy control; IOD, integrated optical density. 
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significantly higher SLEDAI‑2K compared to those patients 
with a negative anti‑Ro52 result (Fig. 3B).

Association between CRT levels in SLE patients and organ 
damage. SLE is a chronic multisystem autoimmune disease 
that may lead to morbidity. It has been noted that disease 
activity, particularly when individual organs are considered, 
may result in specific organ damage  (26,27). The current 
results revealed that increased CRT level was associated 

with different levels of organ damage in patients with SLE. 
It was demonstrated that higher levels of CRT were present 
in patients with SLE with SDI scores of 1‑2 and in those with 
SDI scores >2 vs. those without organ damage (P<0.05 and 
P<0.001, respectively; Fig. 4A).

LN is one of the most common clinical manifestations 
of organ damage in SLE. In the present cohort, 47.5% of 
patients (38 of 80 patients with SLE) had either previous 
or current LN (Table II). Patients with LN had higher CRT 

Figure 2. Association of CRT expression with disease activity in SLE patients. (A) Correlation of SLE patients with a moderate to severe flare of disease 
(SLEDAI‑2K score >10), a mild flare of disease (SLEDAI‑2K score from 5 to 10) and those without a disease flare (SLEDAI‑2K score <4) with CRT expression. 
(B) CRT level correlation with SLEDAI‑2K score. (C) CRT expression correlation with low (<90 mg/dl) and normal C3 levels. (D) Correlation between CRT 
expression and C3 levels in patients with SLE. (E) Correlation between CRT expression and C4 levels in patients with SLE patients. (F) CRT correlation with 
anti‑dsDNA. **P<0.01. CRT, calreticulin; SLE, systemic lupus erythematosus; SLEDAI‑2K, Systemic Lupus Erythematosus Disease Activity Index 2000; C3, 
complement 3; C4, complement 4; Anti‑dsDNA, anti‑double‑stranded DNA. 

Figure 3. (A) CRT levels and (B) SLEDAI‑2K scores in SLE patients positive or negative for anti‑Ro52. *P<0.05; **P<0.001. CRT, calreticulin; SLE, systemic 
lupus erythematosus; SLEDAI‑2K, Systemic Lupus Erythematosus Disease Activity Index 2000. 
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expression level than those without renal manifestations 
(P<0.001; Fig. 4B).

Discussion

The diagnosis of SLE requires a combination of clinical mani-
festations and biomarkers. The traditional laboratory indices 
fail to identify the pathogenic processes, organ damage and 
therapeutic effects. It is therefore necessary to identify more 
biomarkers to monitor disease progression and assess the 
effects of treatment of SLE (27). In the present study, the CRT 
expression level was investigated as a correlative analysis with 
the degree of SLE activity and organ damage.

Significant epidemiological evidence indicates that 
elevated serum CRT is associated with various medical condi-
tions, particularly autoimmune diseases (28,29). A previous 
report noted that serum CRT was associated with the 28‑joint 
count Disease Activity Score and Health Assessment Ques-
tionnaire score in patients with rheumatoid arthritis (30). The 
current results reported that CRT levels were increased in 
patients with SLE compared with patients with other diseases 
and HC. These results are consistent with a previous study that 
described increased serum levels of CRT in SLE patients (13). 
In the present study, western blotting analysis and ELISA were 
used to observe the expression of serum CRT; it was illustrated 
that the formation of CRT that may occur in serum in dimers 
or oligomers, and other CRT forms were not detected.

In the current study, the elevated serum CRT levels in SLE 
patients were correlated with SLEDAI‑2K scores, which is 
the most common index assessing the level of disease activity 
in SLE patients and C3 levels (31). In addition, serum CRT 
level was correlated with other disease activity markers such 
as C4 and anti‑dsDNA levels. The present investigation also 
revealed a significant association between CRT and anti‑Ro52 
levels in the patients with SLE; the patients who were posi-
tive for anti‑Ro52 had higher levels of CRT. The correlation 
between serum CRT and notable parameters associated 
with SLE disease activity indicates that CRT may represent 
an important potential biomarker of disease monitoring and 
prognosis. Borba et al (32) previously reported that increased 
disease activity in patients with SLE was associated with the 
production of serum cytokines such as tumor necrosis factor 
α (TNF‑α) and interleukin (IL)‑6, with higher serum levels 
of TNF‑α and IL‑6 correlating with SLEDAI scores (33,34). 
In previous study, Duo et al (35) reported that soluble CRT 
induces TNF‑α and IL‑6 production through mitogen‑acti-
vated protein kinase and NF‑κB signaling pathways. The 
present results also suggested a possible role of CRT in disease 
activity and pathogenesis of SLE.

The reason for elevated CRT levels in SLE patients 
is poorly understood. Previous studies reported that anti-
bodies of CRT could be detected in serum of patients with 
SLE (11,12,36). However, to the best of our knowledge, the 
present study is the first report of a notable correlation between 

Figure 4. CRT expression in SLE patients with and without organ damage. (A) Correlation of CRT levels with SDI score. (B) Correlation of CRT levels 
with patients with SLE with and without LN. *P<0.05; ***P<0.001. SLE, systemic lupus erythematosus; SDI, Systemic Lupus International Collaborating 
Clinics/American College of Rheumatology Damage Index; LN, lupus nephritis.

Table II. Presence and absence of clinical features of SLE.

	 SLE clinical features present	 SLE clinical features absent
	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑ 
Clinical features	 N	 Mean ± SD	 N	 Mean ± SD	 P‑value

Renal	 38	 5.62±1.845	 42	 4.28 ±1.539	 0.0009
Rash	 22	 4.79±1.790	 58	 4.82±1.701	 NS
Arthritis	 24	 5.01±1.857	 56	 4.92±1.540	 NS
Serositis	 10	 4.83±1.691	 70	 4.77±1.752	 NS
Mucosal ulcer	 11	 4.85±1.876	 69	 4.79±1.505	 NS
Hematological	 19	 4.89±1.892	 61	 4.98±1.597	 NS
Neurological	   5	 4.93±1.654	 75	 4.98±1.816	 NS

SD, standard deviation; SLE, systemic lupus erythematosus; NS, not significant.
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CRT and anti‑Ro52. A previous study suggested that CRT is a 
protein member of the Ro/La‑RNP complex and is specifically 
recognized by anti‑Ro autoantibody (12). CRT is implicated 
in the phenomenon of ‘epitope spreading’, in which initiation 
of immunity to Ro52 induces the production of anti‑CRT 
autoantibodies in a number of strains of mice (37). Anti‑Ro52 
reactivity is not disease‑specific but may be of importance in 
patients with SLE., and the role of anti‑Ro52 in SLE patients 
may reflect disease activity  (16). Anti‑Ro52 and CRT are 
suggested to participate in pathogenesis of SLE (12,38); the 
significance of CRT and anti‑Ro52 in SLE therefore represent 
the subject of subsequent work.

CRT expression was reported in the present study to be 
increased in SLE with ongoing or cumulative organ damage, 
as determined by SDI score and the presence of LN. However, 
CRT expression did not participate in clinical manifestations 
other than LN. Although the CRT level in SLE patients with 
the presence of arthritis is higher than those with the absence 
of arthritis, there was no significant correlation between these. 
Observations of the current study indicate CRT as a promising 
biomarker for monitoring SLE disease progression and a major 
manifestation in SLE patients.

CRT serves a crucial role in regulating intracellular Ca2+ 
homeostasis (39). Previous studies by Sela‑Brown et al (40) 
and Wheeler et al (41) reported that 1,25‑dihydroxyvitaminD3 
can be inhibited by CRT in vitro and in vivo. Subsequent 
study elaborated on the link between serum concentrations of 
1,25‑dihydroxyvitaminD3 and the development and progres-
sion of SLE, finding that 1,25‑dihydroxyvitaminD3 serum 
concentrations were inversely correlated with disease activity 
and organ damage (42). Low serum 1,25‑dihydroxyvitaminD3 
is associated with photosensitization, arthritis and kidney 
damage (43,44). The current study focused on the relationship 
between serum CRT level and organ damage in SLE patients, 
suggesting that elevated CRT expression is associated with 
cumulative organ damage in SLE. However, this was not a 
functional study of CRT, meaning that the underlying mecha-
nism requires additional investigation.

In conclusion, the present report demonstrates that the 
elevated serum CRT levels in SLE patients parallel the degree of 
disease activity and organ damage. These observations provide 
additional evidence for a possible role of CRT in predicting 
long‑term outcome and prognosis in patients with SLE.
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