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 Systemic lupus erythematosus (SLE) is a chronic autoimmune 

inflammatory disease with unknown etiology. Neutrophil extracellular 

traps play an important role in SLE pathogenesis and may induce the 

production of autoantibodies against carbamylated proteins (Anti-carP). 

To measure serum Anti-carP levels in SLE patients and investigate its 

role in association with disease activity and severity. The study was 

conducted on 40 SLE female patients and 40 matched healthy controls. 

All patients were subjected to full history taking and clinical 

examination. Disease activity was assessed by SLE disease activity 

index (SLEDAI), Swollen to tender joint ratio (S/T) used to assess joint 

activity and disease severity was assessed by Katz score. Serum level of 

Anti-carP was measured using enzyme-linked immunosorbent assay and 

correlated with disease activity, severity scores, S/T and hand and wrist 

ultrasonographic findings. Mean age of patients was 33.78±9.1 years 

(18-50 years), with a mean disease duration of 6.68±6.02 years (0.17-30 

years). Anti-carP serum levels, was significantly higher in patients 

compared to controls (p <0.001). Regarding disease activity, it was 

significantly higher in active patients compared to inactive ones (p 

<0.001). Also, it was higher in patients with high disease severity 

compared to low disease severity (p <0.001). Serum Anti-carP levels 

showed significant positive correlation with both SLEDAI and KATZ 

scores (r=0.726, 0.773 and p <0.001 respectively). However, no relation 

was found between Anti-carP level and clinical or hand wrist ultrasound 

findings suggestive for arthritis. Serum Anti-carP showed no association 

with arthritis in SLE patients in this work. However, increased Anti-carP 

was associated with high disease activity and severity in patients with 

clinical manifestations other than arthritis. Anti-carP could be a marker 

of disease activity and severity in SLE. 
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1. Introduction 
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Systemic lupus erythematosus (SLE) is a chronic autoimmune inflammatory disease of unknown etiology 

which has diverse clinical manifestation, course of illness and prognosis [1]. Neutrophil death and 

formation of neutophil extracellular traps (NETs) and their activation and release (NETosis) play an 

important role in SLE pathogenesis [2]. There is a hypothesis that NETosis could induce pro-carbamylation 

sequelae and this might lead to break of immune tolerance and production of antibodies directed against 

carbamylated proteins [3]. Carbamylation is a non-enzymatic process consisting of addition of a cyanate 

group on self-proteins [4]. Carbamylation of proteins can lead to loss of tolerance with formation of 

antibodies directed against carbamylated proteins (antiCarP antibodies) [5]. Nearly 95% of patients with 

SLE developed Musculoskeletal manifestations and joint involvement is the first symptom in half of them 

[6]. SLE articular involvement could range from arthralgia to severe arthropathy, with inflammation and 

deformities [7]. In routine clinical practice, joint involvement is usually assessed with physical examination 

and radiographical studies [8]. However, this approach has been shown to have a low sensitivity for joint 

abnormalities when compared with ultrasound (US) evaluation, suggesting that the burden of joint 

inflammation may be underestimated in the current clinical practice [9]. [10] noticed that only few studies 

have analyzed the prevalence of anti-CarP in patients with SLE. Previous work of [11] in psoriatic arthritis 

patients showed that serum anti-CarP antibody correlated with disease activity and severity making it a 

valuable marker for disease progression. Also, the study done by [12] in rheumatoid arthritis patients 

showed that anti-CarP antibodies may serve as good predictors of disease severity and are related to joint 

damage even in anti-CCP negative patients. Therefore, anti-CarP antibodies might represent a promising 

marker to predict disease severity and activity also in SLE patients. 

 

2. Patient and Methods 

Our case control study was conducted on 40 SLE female patients and 40 matched controls attending 

physical medicine, rheumatology and rehabilitation clinic, Ain shams university. This study was approved 

by the Research Ethics Committee of the Faculty of Medicine at Ain shams University in Egypt on 10 July 

2019; Reference Number of approval:  FWA000017585.  Only 40 SLE patients out of 50 patients fulfilling 

new ACR/ EULAR 2017 classification criteria of SLE were included [13]. 

 

Patients were excluded if they were smokers or had other causes of chronic arthritis, active infection or 

malignancy that could be a reason of arthralgia or arthritis. Socio-demographic data, detailed medical and 

therapeutic history and thorough clinical examination were done for all patients. The activity of joint was 

assessed by swollen to tender ratio (S/T ratio) as joint activity is underestimated in SLEDAI-2K score. 

Depending on the STR, SLE patients grouped into three categories of disease activity: low (STR<0.5), 

moderate (≥0.5 STR ≤1.0), high (STR >1.0) [14]. Disease activity was assessed by using SLEDAI-2K score 

(active disease ≥ 3) [15]. Disease severity was assessed by KATz score (High disease severity ≥ 4 while 

low disease severity < 4) [16]. We used Katz score as it is a validated instrument for assessment of lupus 

severity and easy to be calculated. Each patient underwent the following lab investigations; Complete blood 

counts (CBC) by Coulter counter method, ESR by Westergren blot method in (mm) after 1st hour (mm/1st 

hour), CRP in (mg/dl) by latex method, Anti DNA by indirect fluorescence (titre titer ≥1:10), ANA by 

immunofluorescence (titre titer ≥1:160).  Determination C3 and C4 by Nephelometry, RF by Nephlometry, 

Anticcp by using ELISA (enzyme-linked immunosorbent assay) kits (Bioassay technology lab, shanghai, 

china) catalogue number ED0563Hu and results were considered positive ≥20U/ml (RF and anticcp were 

done to detect Rhuphs patients and to know if arthritic changes found in ultrasoungraphy were due to anti-

carP or anticcp). Anticarbmylated protein antibodies (anti-carP) were assessed by ELISA kits (Bioassay 

technology lab, shanghai, china) catalogue number E4013Hu. Venous samples were withdrawn and stored 

at -20 C till used. Renal biopsy; 21 (52.5%) of the patients underwent previous renal biopsies 6 months ago 

and we used their pathology reports for correlation with anti-carP serum level. AnticarP ELISA kits: The 
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plate has been precoated with antibodies to human anti-carP proteins antibodies then the plasma sample was 

added and anti-carP proteins antibodies in the sample bound to antibodies coated in the wells and then 

biotinylated antibodies to human anti-carP proteins antibodies was added and bound to anti-carP proteins 

antibodies in the sample. Then streptavidin-HRP was added to bind to biotinylated antibodies to human 

anti-carP proteins antibodies. After incubation unbound streptavidin-HRP was washed away during a 

washing step. Substrate was then added and color developed in proportion to the amount of antibodies to 

human anti-carP proteins antibodies. The reaction was then stopped by adding acidic stop solution. 

Absorbance then measured by microplate reader with wave length 450nm. 

 

Musculoskeletal ultrasonography was used to assess articular involvement of both hands and wrists joints 

using the equipment (logic P5 –R4.0, General Electric, Milwaukee, Wisconsin, USA) with linear probe 

multifrequency ranging from 7 to 13 MHz. It was studied by two rheumatologists, one of them EULAR 

certified. All patients were examined within the same settings for both B-mode (grey scale) and power 

Doppler (PD). Joints were scanned bilaterally, on the dorsal side: radio-carpal, ulnocarpal, 2nd-5th 

metacarpophalangeal (MCP) and 2nd-5th proximal interphalangeal (PIP), a (total of 22 joints per person). 

The first MCP and distal interphalangeal joints were not scanned to avoid the bias of possible coexisting 

osteoarthritis.  According to the Outcome Measures in Rheumatology (OMERACT) definition, synovitis is 

presence of synovial hypertrophy which is abnormal hypoechoic intraarticular tissue that is non 

displaceable and poorly compressible which may exhibit Doppler signal is measured with a 

semiquantitative score (0–3), synovial vascularization (power Doppler) is measured with a semiquantitative 

score (0–3). Also, Bone erosion which is an intra- and/ or extraarticular discontinuity of the bone surface 

that is visible in 2 perpendicular planes was measured by a dichotomous value (0/1). Tenosynovitis on B-

mode which is abnormal anechoic and/or hypoechoic (relative to tendon fibers) tendon sheath widening 

which can be related both to the presence of tenosynovial abnormal fluid and/or hypertrophy". 

Tenosynovitis on Doppler mode which is the presence of peri-tendinous Doppler signal within the synovial 

sheath, will be seen in two perpendicular planes, excluding normal nutrient vessels in mesotenon or 

vinculae, only if the tendon shows peritendinous synovial sheath widening on B-mode " would be measured 

by a dichotomous value (0/1) [17]. 

 

3. Statistical analysis 

The collected data was revised, coded, tabulated and introduced to a PC using Statistical package for Social 

Science (SPSS 25). Data was presented and suitable analysis was done according to the type of data 

obtained for each parameter. Mean, Standard deviation and range for parametric numerical data, while 

Median and Interquartile range (IQR) for non-parametric numerical data. Frequency and percentage for 

non-numerical data. Student T Test was used to assess the statistical significance of the difference between 

two study group means. Mann Whitney Test (U test) was used to assess the statistical significance of the 

difference of a non-parametric variable between two study groups. ANOVA (analysis of variance) evaluates 

the quality of several group means; was used to test the difference about mean values of some parameters 

among multiple groups. Correlation analysis (using Spearman's rho method) to assess the strength of 

association between two quantitative variables. The correlation coefficient denoted symbolically "r" defines 

the strength (magnitude) and direction (positive or negative) of the linear relationship between two 

variables. r= 0-0.19 is regarded as very weak correlation, r=0.2-0.39 as weak correlation, r=0.40-0.59 as 

moderate correlation, r=0.6-0.79 as strong correlation and r= 0.8-1 as very strong correlation. The ROC 

Curve (Receiver Operating Characteristic) provides a useful way to evaluate the Sensitivity and specificity 

for quantitative Diagnostic measures that categorize cases into one of two groups. P- value: level of 

significance, P>0.05: Non significant (NS), P< 0.05: Significant (S) and P < 0.01: Highly significant (HS). 
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4. Results 

In this work 40 female SLE patients were included, the mean of their age was 33.78±9.1(18-50 years) and 

disease duration of 6.68±6.02 years (0.17 to 30 years). The control group were 40 females of matched age 

(33.78 ± 9.1 years p=0.771). Clinical, laboratory data, SLEDAI and Katz score of the SLE patients are 

showen in (table 1). In our study it was noticed that the Anti-carP was significantly higher in the SLE 

patients compared to control group with a mean±SD of (17.04± 7.05ng/dl, 2.2± 1.44 ng/dl in and P-value 

<0.001). Regarding disease activity in this study Anti-carP was noticed to be significantly higher in the 

active patients compared to inactive patients with a mean ± SD of (20.15 ±6.93, 12.82 ±4.71 and P-value 

<0.001). It was noticed that at the cut off value >16 ng/dl, Anti-carP showed AUC was 0.825, 65.22% 

sensitivity (95% CI 48.32 - 79.37) and 88.24% specificity (95% CI 73.20- 95.81) to detect the disease 

activity in SLE patients (Fig 1a). Regarding disease severity it was noticed that Anti-carP was significantly 

higher in the patients with high disease severity score than in the patients with low disease severity score 

with a Mean ± SD of (24.05 ±6.65, 14.38 ±5.17 and P-value <0.001). In this work it was noticed that at the 

cut off value > 15ng/dl, Anti-carP showed AUC was 0.882, 100% sensitivity (95% CI 91.19-100) and 

65.5% specificity (95% CI 48.52-79.71) to detect disease severity in SLE patients (fig 1b). As regard wrist 

and hand ultrasonographic findings it was noticed that 29(72.5%) of the patients had synovitis, 2(5%) had 

positive Power Doppler, 2(5%) had erosions and 13(32.5%) had tenosynovitis (fig 2a, b). It was noticed that 

there were statistically highly significant positive correlation between AnticarP, SLEDAI score and KATz 

score with P-value <0.001 (fig 3a,b), but there was no statistically significant correlation between AnticarP , 

S/T ratio ( joint activity) and ultrasonographic findings (joint severity) with P-value >0.05. It was noticed 

that there were statistically highly significant difference between AnticarP antibodies means and renal 

biopsy classes in our patients with P-value <0.001 shown in (table 2).  Twenty one (52.5%) of our patients 

had lupus nephritis. Five (12.5%) patients had Class II (mesangial proliferative glomerulonephritis), 10 

(25%) had Class III (focal proliferative glomerulonephritis), 5 (12.5%) had Class IV (diffuse proliferative 

nephritis) and 1 (2.5%) had Class V (membranous glomerulonephritis) [18]. 

 

Table 1. Clinical and laboratory parameters in systemic lupus erythematosus patients: 

Parameter  

SLE patients (n = 40) 

mean ± SD  and /or n 

(%) 

Mucocutaneous 29(72.5%) 

Arthritis 4(10%) 

Photo-sensitivity 25(62.5%) 

Renal  18(45%) 

Lymph nodes 2(5%) 

CNS 1(2.5%) 

Prednisolone 

5 mg 3 (7.5%) 

10 mg 7(17.5%) 

15 mg 2(5%) 

20 mg 11(27.5%) 

25 mg 2(5%) 

30 mg 13(32.5%) 

40 mg 1(2.5%) 

Hydroquinone 200 mg 5(12.5%) 

400 mg 34(85%) 

Mycophenolate mofetil  1500 mg 13(32.5%) 
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Azathioprine 50 mg 23(57.5%) 

S/T ratio (low) 2(5%) 

S/T ratio (moderate) 2(5%) 

ANA 40(100%) 

Anti-DNA 25(62.5%) 

Anticcp 2(5%) 

RF 2(5%) 

ESR (mm/1st hr) 21.98±23.09 

CRP (mg/L) 6.88±7.02 

C3 (mg/dL) 6(15%)/102.25±33.63  

C4 (mg/dL) 4(10%)/25.90±10.69 

BUN (mg/dL) 22.08±18.05 

Creatinine (mg/dL) 1.29±1.20 

protein/creatinine ratio 1.04±1.11 

Lupus nephritis 51(52.5%) 

SLEDAI score 
Inactive 0.41± 0.8 / 17 (42.5%) 

Active 
6.3 ± 3.6/23(57.5%) 

 

KATz score 
Low 2.1 ± 0.67/29(72.5%) 

High 6.18 ± 2.18/11 (27.5%) 

 

SLE:systemic lupus erythematosus, CNS: central nervous system, S/T ratio: swollen to tender ratio , ANA: 

antinuclear antibody, anti-dsDNA: anti-double stranded deoxyribonucleic acid, Anticcp: anti cyclic 

citrullinated peptide antibodies, RF: rheumatoid factor,  ESR: erythrocyte sedimentation rate,CRP: C-

reactive protein, C3: complement3, C4: complement 4, SLEDAI : systemic lupus erythematosus activity 

index. 

 

 
Fig 1a                                                                 Fig 1b 

Fig (1a,b): ROC curve showing sensitivity and specificity of Anti-carbamylated protein antibodies as a 

marker of disease activity (fig 1a) and disease severity (fig 1b) in SLE patients. 
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Fig 2a,b (a) grey scale of right radiocarpal and midcarpal joints showing (synovial hypertrophy and 

synovial effusion) synovitis grade 2 while (b) Power Doppler scale positive. 

 

 
Fig 3a                                                      Fig 3b 

Fig 3 a,b correlation between AnticarP, (a)SLEDAI score and (b) KATz score 

 

Table 2. Anti-carbamylated protein antibodies levels according to different renal biopsy classes in systemic 

lupus erythematosus patients: 

Renal biopsy classes 0 2 3 4 5 

One Way ANOVA 

F 

value 

P-

value 
sig 
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Anticarbamylated 

protein antibodies 
Mean±SD 12.21±3.67 17.6±4.16 18.75±4.63 29.8±4.49 25± 0 20.204 <0.001 HS 

 

5. Discussion 

The search for new SLE activity markers is ongoing and it became clear that biomarkers are required to 

predict the effectiveness of new drugs [19]. This is critical for SLE; a disease with a high degree of 

heterogeneity and until now does not have a well-understood pathogenesis [20]. In this work, anti-carP 

serum levels were significantly higher in the SLE patients compared to healthy matched controls. Similarly, 

[21] found in their work that anti-CarP antibody positivity was higher in SLE patients compared to the 

control group. Also, serum Anti-carP was noticed in the present work to be significantly higher in the active 

patients with SLEDAI≥3 compared to inactive ones. Most of the patients with disease activity presented 

with muco-cutaneous manifestations (72.5%) or renal involvement (45%) and few presented with clinical 

signs and symptoms suggestive of arthritis (10%). Regarding disease severity, in this work, it was noticed 

that Anti-carP was significantly higher in the patients with high disease severity score than in the patients 

with low disease severity score. Similarly, [21] in their work, found that renal and CNS involvement rate 

was associated with positivity of anti-carP antibodies in SLE patients. This could be explained by the fact 

that NETs known to be involved in SLE pathogenesis, could break immune tolerance and produce antiCarP 

antibodies [22]. Increased NETosis in patients with SLE is significantly positively correlated with increased 

disease activity [23]. It is strongly correlated with glomerulonephritis, pleuritis, discoid skin lesions as 

NETs show abundant expression of bioactive tissue factor and interleukin-17A, which promote thrombo-

inflammation and fibrosis in target tissues and cause end organ injury in SLE patients [24]. The present 

study showed that mean anti-carP levels increased significantly with increased severity grading on renal 

biopsy reports. This might be because SLE patients with nephritis lack the capacity to degrade NETs [25]. 

 

In our study it was noticed that there was a statistically significant positive correlation between Anti-carP 

and both disease activity (SLEDAI-2K score) and disease severity (KATz score). Similar findings were 

suggested in the work of [26], [21] respectively. However, [27] study found that anti-CarP was not 

correlated with SLEDAI-2k score. This could be because in their work they recruited patients with active 

arthritis and in SLEDAI the scoring for active arthritis was low estimated [28]. In [29] meta-analysis study 

they reported that synovitis and tenosynovitis were underestimated by clinical examination and disease 

activity instruments in SLE patients. 

 

In the present work joint activity was assessed clinically using S/T joint ratio and ultrasound of hand and 

wrist was used to assess presence of synovitis, tenosynovitis, erosions or power doppler signal. Although 

10% of patients presented with clinical findings of arthritis, 72.5% presented with synovitis on ultrasound. 

There was no relation between serum Anti-carP levels and clinical or ultrasonographic findings. These 

results are in agreement with that of [30] who noticed that there was no association between anti-CarP 

levels and arthritis or arthralgia in SLE patients. Previous work showed no association between clinical, 

laboratory or ultrasonographic findings of arthritis in SLE patients [31], [32]. However, in [33], [21]; they 

found that anti-carP positively correlated with clinical arthritis.  Also, [33] found that there was a positive 

correlation between total inflammatory score, erosions score and anti-CarP levels in patients with SLE joint 

involvement. This could be because all patients recruited in Ceccarelli work presented with active arthritis 

and the increased number of patients enrolled with overlapping positive autoantibodies where 12.5 % of the 

patients had positive anti-carP, anticcp and RF compared to only 5 % of the patients in our work. Also, in 

the [21] used non-quantitative method for detection of anticarP antibodies.  However, in the present work, 

the lack of association between Anti-carP level and ultrasonographic findings in wrist and hand could be 

because of limited number of the patients in the study. Also, only few of them presented with erosions (5%) 
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or positive power doppler (5%). 

 

In this study ROC curve analysis revealed; increased sensitivity and specificity of serum anti-carP as a 

marker of disease activity and severity in SLE patients at cut off values (>16 ng/dl and > 15ng/dl, 

respectively). This opens the door for further research for assessment of serum anti-CarP antibodies not 

only as a marker of arthritis severity but also as a prognostic systemic marker for SLE disease activity and 

severity. 

 

6. Conclusion 

In conclusion, serum Anti-carP antibodies is associated with higher disease activity and severity in SLE 

patients. Serum Anti-carP levels were significantly higher in SLE patients with active disease compared to 

inactive ones and normal controls. Also, its level was higher in patients with high compared to low disease 

severity and it showed significant positive correlation with disease activity and severity. However, no 

association was detected between serum AnticarP antibodies and clinical or ultrasonographic findings in 

this work. Further follow up studies on large scale of patients is recommended to assess Anti-carP as a 

prognostic marker of disease activity and severity in these patients. 
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