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Recent studies on human and murine models of systemic lupus erythematosus 

(SLE) have pointed towards the marked role of arginase in the etiology and 

pathogenesis of this disease. In this study, we measured serum total arginase 

activity in 40 SLE patients and 32 healthy control subjects. We found a marked 

elevation in serum arginase activity compared to control subjects. Urea is 

significantly elevated in patients with serum arginase activity above the median 

level. A negative correlation was noted between arginase and nitric oxide (NO) 

in the sera of SLE patients with the latter being significantly lowered compared 

to control subjects. Serum arginase activity was significantly correlated with 

markers of disease activity (erythrocyte sedimentation rate, complement 

component 4 (C4), total leucocyte count and proteinuria) and atherosclerosis 

(Cholesterol, triacylglycerols, low density lipoproteins and homocysteine). 

These findings indicate the elevation of serum arginase activity in SLE patients 

and this elevation is associated with uremia and downregulation of serum NO. 

Further, our data provide a direct evidence demonstrating a pathogenic role of 

arginase in SLE since it was highly associated with disease activity and 

atherosclerosis and suggests that targeting arginase may offer a potential 

therapeutic strategy for the treatment of SLE. 
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Introduction 

Arginine is a cationic, semi-essential amino acid that is 

involved in numerous physiological processes. Arginase 

is an enzyme that hydrolyzes arginine to ornithine and 

urea. Arginase activity has two major homeostatic 

purposes: first, to rid the body of ammonia through urea 

synthesis, and the second, to produce ornithine, the 

precursor for polyamines and pralines. Polyamines are 

needed for cell proliferation, collagen formation and 

other physiologic functions [1]. Increased arginase 

activity results in increased production of polyamines 

which stimulates the proliferation of blood vessels 

smooth muscle cells. Increased proliferation and 

migratiom of smooth muscle cells are involved in the 

formation of atherosclerotic plaques [2,3]. Arginine is 

also the substrate of nitric oxide synthase enzyme to 

produce citrulline and nitric oxide (NO) [4]. NO plays a 

critical role in the circulation by decreasing vascular 

tone, platelet and leukocyte activation, smooth muscle 

cell proliferation, extracellular matrix deposition, and 

endothelial cell death. 

 Decreased bioavailability of NO is a common 

mechanism involved in the pathogenesis of various 

vascular disorders, including hypertension, 

atherosclerosis, diabetes, and ischemia-reperfusion 

injury [5]. Interestingly, clinical and experimental studies 

during the past decade demonstrate that arginine 

administration restores NO synthesis and vascular 

function in several cardiovascular diseases, suggesting 

that impaired arginine availability underlies these 

vascular pathologies [6-8]. 

In the last years arginase is believed to be a new key 

player in the human autoimmune diseases. Its up-

regulation was observed in patients with SLE, 

rheumatoid arthritis, autoimmune encephalomyelitis and 

autoimmune diabetes [9-14]. In SLE patients the 

autoimmune response is characterized by circulating 

autoantibodies secreted by B cells, which are aided by 

IL17-secreting T-cells (Th17). A growing body of 

evidence in both human and murine studies confirm a 

pivotal role for Th17 cells in the progression of SLE. 

Indeed, lupus-prone mice are partially protected from 

immunopathology by a reduction in renal Th17 cell 

accumulation. 
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Very recently, Myeloid-derived suppressor cells 

(MDSCs) appeared to exacerbate the pathological role of 

Th17 cells in SLE by an arginase dependent manner. In 

an in vitro study, the effect of arginase on Th17 was 

abrogated by the presence of an arginase inhibitor [12,13,15].  

Here, we studied serum total arginase activity in a group 

of patients with SLE in comparison with healthy control 

subjects. In order to study the pathogenic role of arginase 

we searched its correlation with urea, serum NO, and 

biomarkers of disease activity and atherosclerosis. 

Subjects and Methods 

Study design 

Forty patients fulfilling the 1982 American College of 

Rheumatology criteria [16] for the classification of SLE 

were recruited in the current study. They were attending 

the outpatient clinic, Rheumatology unit, Ain Shams 

University Hospitals. Patients gave informed permission 

before entering the study.  Thirty-two healthy control 

subjects were also included. Inclusion criteria were as 

follows: adult SLE patients, single gender (female), and 

receiving standard treatments. Sera were not hemolyzed 

to avoid interference of arginase in red blood cells. 

Exclusion criteria were the presence of other autoimmune 

diseases and age above 60 years. 

Total arginase activity assay 

Arginase was determined colorimetrically [17,18] by a kit 

obtained from Biodiagnostic, Egypt.  In this method 10.0 

μl of sera were incubated at 37°C for 60 minutes with 10.0 

μl of Mn2+, 100 mmol/l, (as an activator) and 200 μl of 

arginine, substrate, 1.0 mol/l, in carbonate buffer (200 

mmol/l) pH 9.5 in glass tubes. Urea standard (50 mg/dl) 

and reagent blank were treated similar to the test serum.  

After the previous incubation, 1.0 ml of an acid mixture 

(sulfuric acid 1.0 mol/l and phosphoric acid 4.0 mol/l) 

was added to the sera, standard and blank tubes. Next,0.5 

ml of diacetyl monoxime (50 mmol/l) was added. The 

glass tubes, containing the reaction mixture, was 

incubated for 10 minutes in a boiling water bath. Color 

developed, which represents arginase activity(U/L), was 

determined colorimetrically against reagent blank at 525 

nm. 

Nitric oxide measurement 

One means to investigate NO formation is the 

colorimetric measurement of nitrite (NO2
–), which is a 

nonvolatile breakdown product of NO. The method used 

in this work relies on a diazotization reaction for the 

detection of NO2
– that was originally described by Griess 

in 1879[19]. Griess assay reagents were obtained from 

Biodiagnostic (Egypt). They were sulfanilamide (10 

mmol/l) and N-(1-naphthyl)-ethylenediamine, NED, 

(1mmo/l) and standard sodium nitrite (50 μmol/l). 

Sulfanilamide and NED compete for nitrite in the Griess 

reaction; thus, greater sensitivity is achieved when the 

two components are added sequentially. Sulfanilamide 

Solution is added to the sample first, incubate for 5–10 

minutes, then NED Solution is added. The resulting azo 

dye a bright reddish color which is measured at 540 nm. 

Nitrite level was determined as μmol/l. 

 

 Assay of human homocysteine in human sera 

A commercially available kit from Bioassay technology 

Laboratory (China) was used for the measurement of 

serum homocysteine by enzyme-linked immunosorbent 

assay (ELISA). Diluted sera were added to homocysteine 

monoclonal antibodies precoated ELISA wells. After 

incubation a biotin-conjugated anti-human homocysteine 

is added. Unbound conjugate is washed away. 

Strepatvidin HRP is added and binds to biotin conjugated 

anti-human homocysteine antibody. After incubation 

unbound streptavidin-HRP is washed away. Substrate 

solution is then added, and color develops in proportion to 

the amount of human homocystein. Reaction is ended by 

adding acid stop solution and absorbance was measured at 

450nm. Homocysteine concentration was determined as 

mmol/ml. 

Assay of other biochemical parameters 

Total cholesterol (TC), triacylglycerols (TAG) and high-

density lipoprotein cholesterol (LDL-c) were measured 

colorimetrically using commercial assays (Biosystems, 

Italy). Low density lipoprotein cholesterol was calculated 

using Friedewald[20] formula, LDL-c = cholesterol – HDL 

cholesterol – (TAG/5). Kinetic methods were used for the 

detection of alanine amino transferase (ALT) and 

aspartate aminotransferase (AST) (Biosystems, Spain). 

Kinetic colorimetric method (Fixed rate) was used for 

creatinine assay in serum and urine (Chema Diagnostica, 

Italy). Urea was determined colorimetrically by a kit 

obtained from Chema Diagnosyica (Italy). 

complement components 3 and 4 (C3 and C4) were 

determined by an immune-turbidity technique ( 

Spimreact, Spain). 

Urine total protein was determined by a trichloro-acetic 

acid turbidimetric method [21]. Trichloro-acetic acid was 

obtained from Egychem (Egypt). Routine laboratory 

techniques were used for the detection of erythrocyte 

sedimentation rate (ESR) and the count of platelets and 

total leucocytes. 

Statistical analysis was performed using the SPSS 11.0 

program. 

Results and discussion 

In the current study, the mean total arginase activity was 

increased in SLE patients when compared to healthy 

control subjects (526.07±204.2 versus 240.7 ± 34.4, 

p<0.00001) (Table 1 and Fig. 1). Arginase activity was 

not linked to the age or disease duration of our SLE 

patients (Table 1). Three groups of researchers found 

increased arginase activity in the sera and MDSCs cells of 

patients with SLE and humanized models of SLE [12,13,22]. 

However, in another older study by Ruiz [23], arginase 

activity did not increase in the sera of their group of SLE 

patients.  

Arginase are present almost exclusively in the cytosol of 

hepatic cells (arginase 1). However, arginase 1expression 

has been demonstrated in extra-hepatic tissues including 

endothelial cells and vascular smooth muscle cells. 

Arginase II is a mitochondrial enzyme with a wide 

distribution and is expressed in the kidney, prostate, 

gastrointestinal tract, and the vasculature. Both isoforms  
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of arginase are present in human sera [24]. Since arginase 

is a marker of any damage to hepatocytes [25,26], we could 

exclude, in the current study, the liver as a source of 

elevated serum arginase activity since there was no 

inflammation in liver cells (no significant change in the 

level of liver enzymes of SLE patients compared to 

normal subjects) (Table 1). Moreover, no significant 

correlation was observed between arginase and liver 

enzymes. Certainly, further studies are needed to define 

the source of increased serum arginase activity. 

In the next part of this study we measured urea since its 

elevation is a valuable measure of arginase catabolic 

effect on arginine [27]. A marked elevation in the mean 

level of urea was observed in SLE patients compared to 

normal subjects (Table 1). The mean urea concentration 

in patients was linked to the median of arginase activity 

(480 U/l) since it was significantly elevated in patients 

with ≥480 U/l compared to patients with arginase activity 

below the median, 62.7 mg/dl, SD 16.5 (range 39-95) vs 

32.2 mg/dl, SD 6.8 (range 24-42) & p<0.00001, 

respectively. Moreover, we found a significant 

correlation between arginase activity and urea 

concentration (Table 2). The significant positive 

correlation between arginase activity and urea not only 

confirms the upregulation of arginase in our patients but 

also highlights on the toxic consequences of elevated urea 

concentration in those patients. The main toxic 

consequence of urea elevation is the development of 

protein carbamylation; a nonenzymatic posttranslational 

modifications of proteins that is caused by nonenzymatic 

binding of isocyanate derived from urea dissociation to 

free amino groups of proteins. This modification has an  

 adverse reaction, since it induces alterations of protein and 

cell properties. The change in the tertiary structure of 

proteins can causes the generation of new epitopes and the 

consequent production of autoantibodies [28-31]. However, 

it should be noted that protein carbamylation may not be 

related solely to urea but also to cyanate which is 

generated by myeloperoxidase and peroxide-catalyzed 

oxidation of thiocyanate (derived from diet and smoking) 

at sites of inflammation [32]. Interestingly, anti-

carbamylated protein antibodies were detected in SLE 

patients in a recent study by Ceccarelli et.al. [29]. They 

found significant association between anti-crabamylated 

protein antibody and erosive damage in SLE-related 

arthritis (in terms of frequency and severity). They further 

suggested that these antibodies can represent a biomarker 

of severity in patients with SLE with joint involvement. 

Indeed, this observation led us to compare arginase 

activity with the standard laboratory measures of disease 

activity. To determine the relation between arginase and 

disease activity, we studied its correlation with ESR, C3, 

C4, P/C ratio, peripheral count of platelets and leucocytes 

(Table 3). Of these variables, serum arginase activity 

correlated positively with ESR and P/C ratio and 

negatively with white cell count and C4. These findings 

indicated a significant association between serum arginase 

activity and the standard laboratory markers of disease 

activity in SLE patients and confirmed similar findings of 

other studies in SLE and murine models [12,13,22]. 

Interestingly, and due to its important role in triggering 

inflammation in SLE patients, Flynn et al. [33] described 

arginase in addition to MDSCs and a tumor necrosis factor 

member, CD95L, as an explosive cocktail in SLE. 

 

 

 

 

Table 1. Characteristics of systemic lupus erythematosus patients and comparison with normal controls 

 Healthy controls Patients P 

Number 32 40  

Sex (Female/male) 32/0 40/0  

Age (years) 34.8±8.1(21-51)1 31.8±9.1(20-50) NS2 

Disease duration (years) --- 3.05±1.3 (1-6)  

Arginase (U/L) 240.7±34.4 (212 – 297) 526.07±204.2 (261 -995) 0.00001* 

Urea (mg/dl) 32.25±6.8 (24-42) 49.2±17.1 (28-95) 0.00004* 

ALT3 (U/l) 18.4±4.5 (11-28) 19.1±3.7 (12-27) NS 

AST4 (U/l) 20.6±5.3 (11-29) 20.8 ±5.2 (14-29) NS 

Nitric oxide (μmol/l) 32.06±7.1 (22-42) 31.7±13.3 (10-60) NS 

Creatinine (mg/dl) 0.88 ±0.11 (0.7-1.1) 0.99±0.27 (0.7-1.8) 0.02* 

Homocystein (mmol/ml) 3.6± (0.7-5.1) 23.1±16.6 (8-66) 0.00001* 

Total cholesterol (mg/dl) 153±16.7 (140-182) 213±65.6 (111-384) 0.00001* 

Triacylglycerols (mg/dl) 137±31.1 (90-190) 199±75.2 (100-389) 0.00002* 

HDL5 (mg/dl) 66.2±6.9 (55-81) 63.2±6.3 (55-79) 0.03* 

LDL6 (mg/dl) 109.6±11.9 (86-135) 141.1±30.3 (100-199) 0.00001* 

Protein/creatinine ratio --- 1.4±0.9 (0.01-3.1)  

C3 (mg/dl) 110 ±20.3 (84-159) 109±20.8 (80-150) NS 

C4 (mg/dl) 32.0± (25-40) 27.2± (11-44) 0.006* 

Platelets count8 217.5± 43 (150-280) 221±52.6 (150-300) NS 

ESR7 (mm/hour) 21.8± (16-30) 48.8± (19-90) 0.00001* 

Total leucocytes count8 7.4±1.7 (4.1-10) 5.5±2.1 (3-10.1) 0.00009* 
1Results are presented as mean ± standard deviation and range. 2 Non-significant. 3Alanine aminotransferase. 4Aspartate 

aminotransferase. 5High-densitylipoproteins. 6Low-density lipoproteins. 7Erythrocyte sedimentation rate. 8Result x 1000. *A 

significant result. P < 0.05 is considered statistically significant. 
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Fig 1: Mean of arginase activity in SLE patients and controls 

 
 

 

Table 2. Correlation between arginase activity and urea, nitric oxide, disease duration, age and liver enzymes in 

SLE patients 

 r1 p 

Urea(mg/dl) 

Nitric oxide (μmol/l) 

Disease duration 

Age 

Aspartate aminotransferase (AST) 

Alanine aminotransferase (ALT) 

0.7 

- 0.71 

-0.05 

0.06 

0.1 

0.09 

0.00001* 

0.0001 

NS 

NS 

NS 

NS 

*significant result. **non-significant result.  1correlation coefficient. 

P < 0.05 is considered statistically significant. 
 
 

 

Table 3. Correlation between arginase activity and markers of disease activity in SLE patients 

 r1 p 

ESR 0.83 0.0001 

Protein/creatinine ratio 0.48 0.001* 

C3 -0.25 NS** 

C4 -0.66 0.0001 

Platelets count -0.057 NS 

Total leucocytes count -0.52 0.0005 
*significant result. **non-significant result.  1correlation coefficient. 

P < 0.05 is considered statistically significant. 

 

 

Consideration of the biochemical properties of arginase 

and nitic oxide synthase supports the notion that arginase 

may inhibit the synthesis of NO by competing with NOS 

for arginine. Although the affinity of arginine is much 

higher for purified nitic oxide synthase (Km ~ 2–20 μM) 

than for arginase (Km ~ 1–5 mM), the maximum activity 

of arginase is about 1,000 times that of nitic oxide synthase [34]. 

Thus, Sufficient quantities of arginase can limit the 
availability of arginine for NO synthesis by intact cells. 

The increased production of urea, which results from 

upregulation of arginase, is another way by which arginase 

 arginase inhibit the production of NO since urea inhibit 

nitric oxide synthase by a posttranscriptional mechanism 

[24]. In the present study, we observed a significant 

negative correlation between serum NO level and arginase 

activity in SLE patients which, certainly, reflects the 

inhibitory effect of arginase on NO production (Table 2 

and Fig. 2). Interestingly, experimental and in vitro 

researches studied the negative correlation between 
arginase and NO and found that inhibition of arginase or 

supplementation of arginine results in augmentation of 

NO production [34-37]. 
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Fig 2: Correlation between arginase activity and nitric oxide in SLE patients 

 

 
 

Patients with SLE have a significantly increased risk of 

cardiovascular morbidity and mortality, particularly 

related to premature atherosclerosis. Recent discoveries 

have revealed that endothelial nitric oxide as an important 

vasoprotective molecule contributing to endothelial 

functions and that impaired nitric oxide signaling 

associated with endothelial dysfunction is now regarded 

as an early marker of atherosclerosis and cardiovascular 

diseases [38-41]. Given that arginase competes with nitric 

oxide synthase enzyme for their common substrate, 

arginine, it is reasonable to assume that increased 

arginase activity is an important factor in the 

development of vascular diseases and atherosclerosis [41]. 

Moreover, Increased arginase activity results in increased 

production of polyamines which induce proliferation and 

migration of smooth muscle cells that are involved in the 

formation of atherosclerotic plaques [2,3]. 

Consequently, we compared arginase activity with some 

traditional atherogenic risk factors (total cholesterol, 

triacylglycerols, HDL and LDL) and homocysteine as a 

non-traditional risk factor (Table 4).  Firstly, it must be 

noted that the mean level of these risk factors was 

significantly elevated in SLE patients compared to healthy 

 control subjects, with exception of HDL which 

significantly lowered in patients. Correlation studies 

revealed a significant positive correlation between serum 

arginase activity and the traditional risk factors, total 

cholesterol, triglycerides, and LDL. A significant positive 

correlation was also found with homocysteine, as a non-

traditional risk factor. Though they did not measure 

arginase, the study of Gujjarlamudiet.al. [42], to a great 

extend supported our results. They found that arginine 

supplementation for 15 days to a group of 25 SLE patients 

has restored their vascular function and improved the 

clinical symptoms in patients with vascular dysfunction 

and atherosclerosis. They attributed this improvement to 

increasing the bioavailability of NO. 

In conclusion, the results presented here showed a 

marked increase in serum arginase activity in a group of 

40 SLE patients. A marked elevation in serum urea was 

observed, especially in patients with arginase activity 

above the median level. Our study further defined the role 

of arginase in the pathogenesis of SLE through its inverse 

correlation with NO and positive correlation with markers 

of disease activity and atherosclerosis. 

 

 

 

 

Table 4. Correlation between arginase activity and markers of atherosclerosis SLE patients 

 R1 p 

Homocystein 

Cholesterol 

Triacylglycerols  

High-density lipoproteins 

Low-density lipoproteins 

0.58 

0.47 

0.40 

-0.1 

0.7 

0.0008* 

0.002 

0.001 

NS** 

0.00001 
*significant result. **non-significant result.  1correlation coefficient. 

P < 0.05 is considered statistically significant. 
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Recommendations 

1) Further studies on a larger number of SLE patients 

are recommended to evaluate the exact prevalence 

of increased arginase activity in addition to defining 

its triggering factor(s) and the extrahepatic origin. 

2) The assay of serum urea and NO should be a part of 

the routine investigations performed for SLE 

patients during follow-up. 

3) Carbamylation and arginase, a lot of researches is 

needed to clearly define their correlation. 

4) Arginase could be a new target for future therapy for 

SLE, thus, extensive trials are needed to this effect. 
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