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ABSTRACT 

 

Introduction and aim: Staphylococcal enterotoxins C as superantigen 

could stimulate T lymphocytes and trigger a cytokine storm and subsequently 

Rheumatoid arthritis (RA) as an autoimmune disease. The aim of this study was 

to assess the existence of staphylococcal enterotoxin C in Rheumatoid Arthritis 

patients’ blood and synovial fluid (SF) samples. 

Materials and Methods: During 18 months, patients whom were 

referred to Rheumatologic clinic and with an initial diagnosis of Rheumatoid 

arthritis, 100 blood and 100 synovial fluid samples were collected in a volume of 

5-10ml, 3-5ml of which was inoculated to Castaneda medium, and the remained  

was collected in the test tubes for obtaining serum and plasma. PCR and ELISA 

methods by using specific primer and special Antibodies for detecting 

enterotoxin C were carried out. 

Results: During this study and after sequential sub cultures, only 2 

bacterial were isolated. Based on the results of Biochemical tests, just one case 

as Staphylococcus aureus was detected. Also, the result of molecular diagnosis 

of enterotoxin C gene was 39.75% and about the ELISA test the result was 

37.34%. 

Conclusion: The role of Bacterial superantigens was considered in the 

pathogenesis of Rheumatoid arthritis, but it's origin is unknown. Regardless of  
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whether it is endogenous or exogenous origin may be 

provide a good model for the diagnosis and treatment of 

disease. However, further study is needed the finding of 

this study might be most important in related 

pathophysiology of RA disease. 

 

INTRODUCTION 

 

The involvement roles of staphylococcal 

superantigens (enterotoxins) in inflammatory diseases 

such as atopic dermatitis, Kawasaki syndrome, nasal 

polyposis and Rheumatoid Arthritis (RA) have been 

reported (1-3). The popularity of the staphylococcal 

enterotoxins was pertaining to toxic shock syndrome and 

food poisoning (4). While, understanding the 

superantigenic characteristics activity, and their roles in 

inflammatory disease, has encouraged the researchers 

for more investigation. The results of several researches 

revealed that Staphylococcus aureus enterotoxins can 

cause diseases by inducing high levels of pro-

inflammatory cytokines from CD4+ T cells and antigen-

presenting cells, which are activated through binding of 

wild-type superantigens to both the MHC class II 

molecule and specific T-cell receptor Vbeta chains (5). 

Although, several research results indicated that, the 

family of staphylococcal superantigens has been known 

to contribute to a broad-spectrum of diseases (6,7). 

While, our previous studies results indicated that, 

staphylococcal enterotoxins in SF samples of patients 

with RA were tracked (8). In addition, The most of the 

research by using PCR method was rely on the isolated 

of S. aureus strains and then they have been shown one 

or more of the staphylococcal superantigen gene 

incoding in SF of patients with RA (9,10). Furthermore, 

Staphylococcal entC gene in synovial fluid of patients 

with rheumatoid arthritis was reported for the first time 

(11). But the presence of these genes in the same 

patients’ blood is not clarified. However, unanswered 

questions were remained. Dose the equivalency of 

presence of entC gene in SF and blood samples of 

patients with RA? In the samples that ent C gene has 

been detected, whether the enterotoxin C proteins is 

detectable. To fine the answers of the questions, this 

research was conducted. The aim of this study was to 

compare of three methods for diagnosis of 

Staphylococcal superantigen C in Rheumatoid arthritis 

Patient's Blood and Synovial fluid 

 

Materials and methods 

Bacterial standard strain: A confirmative 

producing S.aureus strain which derived from the 

clinical isolate and characterized for enterotoxin C gene 

was used in this study as standard strain (12).
 

Primer Design: All primer pairs were used 

based on previously published (13) which designed 

using standard sequence analysis software. In addition, 

multiple alignments were carried out by DNASIS MAX 

trial version. This primer pair was amplified a 102bp 

fragment. 

 

Blood and Synovial fluid Sample collection 

The study protocol approved by the Ethical 

Committee of the Baqiyatallah University of Medical 

Sciences, Teheran, IR Iran, on November 29, 2012, with 

Code No: 24, Paragraph 28. 

A total of 100 Rheumatoid Arthritis patients’ 

blood and synovial fluid samples from April 2013 to 

August 2015 were referred to laboratory by 

Rheumatologists. Based on ACR 2010 criterions, 

inclusion and exclusion criteria of the Rheumatoid 

Arthritis patients were selected (14).
 

The act of sampling based on Microbial 

Standard Protocol and by perfect observance of Aseptic 

conditions has been done. Then, amount of 5-10 ml 

blood sample was aspirated. As the next step, 3-5 ml of 

blood was immediately inoculated into Castaneda 

medium and has been incubated at 37°C for 48 hours. 

And finally, the remained of blood has been added to 

sterile CBC tube and the clotting one. 

 

Blood culture 

After inoculating to Castaneda medium and 

incubation, the amount of 1 ml of Castaneda medium by 

syringe were aspirated and sub culture on Blood agar 

medium was done. After incubation at 37°C and for 24 

hours, base on colony characteristics, Gram stain, 

catalase, oxidase, motility, sugar fermentation, 

susceptibility to Bacitracin and Novobiosin, coagulase 

and DNase tests the isolated bacterial have been 

examined.  

 

DNA Extraction from bacteria  

For the PCR method, first of all, the bacterial 

standard strain was inoculated into the 5 ml LB Broth 

medium and incubated at 37°C for 24 hours. And then 

bacterial suspensions were centrifuged, and cellular 

sediments were obtained and base on Salting out 

Modified method the DNA has been extracted (15).  

DNA Extraction from Blood Buffy Coat  
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In aseptic condition and carefully, patient’s 

blood has been added to CBC tube and was centrifuged 

(10 min, 7000g in 4°C). Then blood’s Buffy coat were 

selected and transferred to DNA free sterile tube. 

Separately 100 µl of each of the bloods Buffy coat 

genomes has been extracted by CinnaPure DNA 

Extraction Kit (Cat. NO. PR881612, Cinnagen Co. Iran). 

Based on the Kit instructions as briefly, the amount of 

100 µl of blood’s Buffy coat has been added to the Kit’s 

micro tube, then 400 µl of Lysis Buffer has been added 

to it and for 20 seconds has been vortexed, then 300 µl 

of Precipitation Solution has been added to micro tube 

and again has been vortexed for 5 seconds. In this stage 

whole of the micro tube components has been 

transferred to the column, and has been centrifuged (1 

min, 5°C, 13000g). Then, the column has been 

transferred to the new micro tube and has been washed 

by 400 µl of Washing Buffer 1, and again has been 

centrifuged (1 min, 5°C, 12000g), and the second time, 

the column has been transferred to the other new micro 

tube and washed by 400 µl of Washing Buffer 2, and 

again has been centrifuged (1 min, 5°C, 12000g). After 

drying and changing the column, the amount of 30 µl of 

Elution Buffer has been added and has been centrifuged 

(5 min, 12000g), finally the DNA quality and quantity 

has been measured by NanoDrop (Thermo Scientific 

NanoDrop 2000 Spectophotometer USA). Similarly, the 

serum and plasma of patients were subjected to DNA 

extraction by the method.    

 

DNA Extraction from Synovial Fluid 

Free DNA tubes containing 500 µl of patient’s 

SF and 500 µl of free DNA Distilled water (DW) (mixed 

in aseptic conditions) were centrifuged for 1 min at 

3000g at 4°C. Afterwards, the resulting supernatants 

were transferred to DNA free sterile tubes and the 

genomes were extracted with the CinnaPure-DNA 

Extraction Kit (Cat. NO. PR881612, Cinnagen Co., 

Teheran, Iran). Based on the kit instructions, the amount 

of 200 µl of diluted SF has been added to the kit’s micro 

tube, then 400 µl of Lyses Buffer were added to it and 

the mixture has been vortexed for 20 seconds. 

Afterwards, 300 µl of precipitation solution have been 

added to the micro tubes and was vortexed again for 5 

seconds. During this stage, whole of the micro tubes 

contents were transferred to the column and centrifuged 

for 1 min at 13000g at 5°C. The column was afterwards 

transferred to the new micro tube and washed by 400 µl 

of Washing Buffer 1, and again centrifuged for 1 min at 

12000 g at 5°C. The resulting solution has been 

transferred to the other new micro tube and washed by 

400 µl of Washing Buffer 2, and again centrifuged for 1 

min at 12000g at 5°C. After drying and changing the 

column, the amount of 30 µl of Elution Buffer was 

added and the solution centrifuged for 5 min, at 12000g 

at 5C. Finally, in each case, the DNA quality and 

quantity were measured with the NanoDrop 2000 

Spectrophotometer (Thermo Scientific, Wilmington, DE, 

USA).  

 

Polymerase Chain Reaction  

For the diagnosis of enterotoxin C gene in 

Rheumatoid arthritis Patient's Blood, by using the 

specific primer pairs which amplified a 102bp fragment 

and the standard strain genome, the PCR method has 

been set up.  

For DNA amplification, the mastermix component was 

made in 200 μl microtubes by using a 25 μl reaction 

mixture that contained DNA template as a 3 μl, and 0.5 

U of Taq DNA polymerase as the process enzyme, plus 

2.5 μl of 10X PCR buffer and also contained  0.4 mM of 

dNTPs, 3 mM MgCl2 (all reagents were from 

Cinnagen), 10 pmol of the primer pairs (synthesized by 

cinnagen) and  also 14.5 μl double-distilled water, to a 

total volume of 25 μl. All of component were carried out 

in a thermal cycler (Bio-Rad, C1000) with initial 

denaturation zone at 95°C for 3 minutes followed by 35 

cycles of denaturation at 94°C for 30 seconds, primer 

annealing at 50.5°C for 30 seconds and extension at 

72°C for 40 seconds, followed by a final extension at 

72°C for 5 minutes. Then PCR products have been 

electrophoresed in a 2% agarose gel for 45 minutes, and 

with ethidium bromide been stained for 20 minutes (0.05 

mg/ml; Sigma Aldrich). So, under ultraviolet light using 

Gel Doc the gels were photographed (Bio Rad 

UniversalHood II, USA). Also, in each agarose gel 

Molecular size markers (50 and 100 bp) have been 

included. And then all patients’ buffy coat genomes by 

the optimization PCR have been assayed.  

 

Enzyme-linked Immunosorbent Assay  

For the purpose of validation of the enterotoxin 

C existence in patients’ blood and synovial samples, the 

indirect ELISA has been supposed. So, CBC tube has 

been centrifuged (10 minutes with 7000 xg) and 

patients’ plasma was taken out and evaluated by ELISA 

as follows: Based on the previous research (8), 50 µl of 

patients’ plasma transferred to micro tube and with the 

50 µl of Phosphat Salin Buffer as Diluents have been 

mixed. Then, all of the components were added to the 
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difind wells of ELISA plates that were coated with 

polyclonal monospecific antibody against staphylococcal 

enterotoxin C (Rb PAb enterotoxin C Ab 15899 500 lot 

722163; from Abcam Germany). In this stage wells’ 

component were incubated (one hour) and washed ( 

three times), and so, 50 µl the conjugate antibody was 

added. Then Enzyme substrate was added, finally the 

amount of 100 µl stopping solution has been added. 

After 10 minutes of this process the component’s color 

were changed. After that, the wells absorption by the 

ELISA reader device in 450 nm wavelength was 

measured and then for each of the plates the Cut off 

value has been computed.   

 

RESULTS 

 

The result of Microbial culture on Blood Agar 

A total of 100 blood and 100 synovial samples 

during April 2013 to August 2015 were assessed from 

Rheumatoid Arthritis patients. During this research and 

after sequential sub cultures only 2 cases were positive 

for staphylococcal strains growth, Based on the 

Biochemical tests just one of them as Staphylococcus 

aureus have been detected and others as S.intermedius 

have been diagnosed. 

 

The result of DNA extraction 

By both Gel electrophoresis (the gel 

concentration 0/8%, in 100 Volt for 45 min) and Nono 

drop device the quality and quantity of the standard 

strain and patients sample extracted genomes have been 

examined (Fig 1). In compare, both results were 

relieable. 

 

 

 

 
 

Figure 1. on the left), the result of Nono drop DNA 

evaluation; on the right) electrophoresis result of DNA 

extraction from blood Buffy coat samples is shown. Line 1 is 

100bp Molecular Marker; Lines 2 to 20 are DNA that has been 

extracted from patient’s blood. 

 

The result of rheumatoid arthritis patients’ blood 

PCR 

PCR has been set up after some examinations 

based on the standard strain genome and master mix 

components and as a positive control were applied for 

each test (Fig 2).  

The results of primer designing were as; F- 

TGTATGTATGGAGGTGTAAC and R-

AATTGTGTTTCTTTTATTTTCATAA which was 

amplified a 102 bp amplicons as PCR products. 

As it shown in figure 2 the results of samples’ 

PCR with amplifier primer of a 102 bp fragment of 

staphylococcal ent C with frequency 39.75% was 

obtained 

 

 
 

Figure 2. an example of the result of PCR amplicon 102 bp.  

Line 1 is a 50 bp MW standard, line 2 is the standard strain 

(positive control), lines 7, 9, 10, 11, 13, 15, and 18 have 

shown the 102 bp and line 20 is negative control. 

 

The result of ELISA  

The results of ELISA plates indicated that 

37.34% of rheumatoid arthritis blood (bufy coat) was 
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positive for staphylococcal enterotoxin C (Fig 3). The 

comparative results of PCR, ELISA and bacterial culture 

were illustrated in fig 4.   

 

 
 

Figure 3. The results of ELISA Plate for staphylococcal 

enterotosin C were shown. The vertical rows A-E are patient’s 

number samples and the horizontal rows F and G are negative 

controls and H raw is the positive control. All wells with 

burned brown color have at least equal optical density or more 

than H rows (positive controls) are considered as positive for 

staphylococcal enterotosin C.  

 

 
 

Figure 4. comparative results of PCR, ELISA and bacterial 

isolation is shown. Staphylococcal enterotoxin C assay of 100 

rheumatoid arthritis patients’ blood and synovial samples.   

 

DISCUSSION 

   

Arthritogenic potential of Staphylococcal 

superantigen A (SEA) and B (SEB) was reported (16, 

17). In addition, in order to show the possible role of 

staphylococcal superantiges in Rheumatoid arthritis, a 

series of research was design and conducted. The results 

of those investigations indicate the existence of 

staphylococcal superantiges in synovial fluids (18,19). 

However, the origin of the superantigens existence in 

synovial fluids is unknown.  Furthermore, the difficulty 

in preparation of the synovial fluids aspiration from the 

patients is the main challenges and causes the patients 

more harassment. For this reason, in addition 

staphylococcal enterotoxin was detected in SF; 

simultaneously the bloods of the patients were assayed 

by the same toxins and compare the results. In this study, 

the presence of staphylococcal enterotoxin C was 

identifying in two levels. First, the proteinous 

enterotoxin state and the second it's encoding gene in 

both SF and blood was tracing by ELISA and PCR 

methods respectively. While, several researchers have 

been discussion the inflammatory effects of microbial 

metabolites (20,21). Others have tried to show the 

relationship of microbium and inflammatory disease (22-

24). In the present study, Staphylococcal enterotoxin C 

as a new biomarker was detected in SF and blood of RA 

patients by two methods. Although, the ELISA was 

more rapid for detect of enterotoxin C protein in blood. 

The PCR molecular method had shown more positive 

results. The reason for the incompatibility of the ELISA 

and PCR results might have been related to under low 

sensitivity concentration of the enterotoxin C.  While, 

the PCR have ability to amplified even one molecule of 

the enterotoxin C encoding gene. Taken together, these 

results might be most important in related 

pathophysiology and clinical diagnosis of RA disease.  
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