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ABSTRACT 

 

 
Background and Objectives: Microbial superantigens have been reported in the blood and synovial fluid of rheumatoid 

arthritis patients, raising the question of whether the presence of these superantigens could provoke the induction of inflam- 

matory biomarkers expression or not. The purpose of this study was to examine the Staphylococcus aureus superantigen C 

on CD18 expression. 

Materials and Methods: The superantigen C was purified by ultrafiltration. Immunoblotting was performed using a specific 

antibody. Also, 50 micrograms of superantigens (toxin) were injected intraperitoneally and intra-articularly into separate rat 

groups. Blood was collected and RNA extracted. Then, the cDNA was synthesized. The expression of CD18 marker was 

evaluated using RT-real-time PCR, and the results were descriptively analyzed. 

Results: The results of this study revealed that 50 μg of toxin, injected intra-articularly and intraperitoneally, showed the 

surplus expression of the marker CD18 in the blood of rats after 20 days. By this method, the expression of the marker CD18 

was significantly different between rats that received the superantigen intra-articularly and intraperitoneally (2.10; 2.3 and 

3.3 folds) and the controls (P≤ 0.05). 

Conclusion: The results indicated that the presence of Staphylococcal of superantigen C in the body of rats has enhanced the 

expression of the CD18 inflammatory marker more than 3 times. This valuable finding is an introduction to further research 

and could provide new methods to prevent and control inflammatory diseases, including rheumatoid arthritis. 
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INTRODUCTION 

 
CD molecules (cluster differentiation or classifi- 

cation determinant) are cell surface molecules which 

are expressed on various cell types in the immune 

system and their role is to regulate the cellular ac- 

tivity of the organisms (1). Various roles have been 

mentioned for CD18 ligand; however, further studies 

should be conducted to discover other roles of CD18 

ligand (2). The most widely studied subfamily of beta 

2 integrin is CD11a/CD18, CD11b/CD18, and CD11c/ 

CD18 (3). The role of these adhesion molecule ex- 

pressions during the progression of rheumatoid ar- 

thritis (RA) disease by adjuvant-induced arthritis 

(AIA) was reported in rats (4). Research has shown 

that the subfamily of beta integrin (CD18) is impli- 

cated in macrophage fusion and acts as a hallmark 

of chronic inflammatory disorder (5). Moreover, re- 

cent research has revealed that the neutrophil migra- 

tion from blood into inflamed tissues is mediated by 

adhesion molecules on neutrophils and on vascular 

endothelium (6). The factors that increase the ex- 

pression of CD18 glycoproteins may be contributed 

to inflammation and tissue destruction. While the in- 

crease in cellular marker of CD18 and inflammatory 

diseases, including rheumatoid arthritis, is unclear in 

humans, particularly in patients with RA, this mark- 

er is associated with an increase; however, the endog- 

enous or exogenous origin to express CD18 is not ful- 

ly understood. Nevertheless, the changes of soluble 

CD18 in murine autoimmune arthritis and RA have 

been shown as consequences of treatment response 

(7). Furthermore, one of the important roles of CD18 

is that the existence of this biomarker is essential for 

CD4, CD25, and T regulatory cells activation (8). 

In addition, phenotypically, changes in monocytes/ 

macrophages, which expressed the CD18 mRNA in 

peripheral blood and synovial fluid of patients with 

RA, have been illustrated (9). Various biological and 

environmental agents, such as classical superanti- 

gens (10-12), were traced in the blood and synovial 

fluids of patients with RA. These agents may induce 

the expression of various cytokines, and thus in re- 

cent years, effective biological therapies have been 

developed.  However,  the  specific role  of  antigens 

in stimulating the expression of CDs markers in 

developing inflammatory diseases is not still clear. 

The aim of this study was to examine the effects of 

staphylococcal superantigen C on CD18 marker ex- 

pression in laboratory rats using RT-real-time PCR. 

MATERIALS AND METHODS 

 
Bacterial culture media and electrophoresis mate- 

rials were purchased from Merck, Germany, Milli- 

pore filters (0.45 micrometers) from Sartorius Com- 

pany, and the Amicon ultra centrifugal filter device 

10, 30, 50 and 100 kDa systems from Millipore Cor- 

poration. Also, mono specific polyclonal antibody 

type C (RbPAb Enterotox in C 500 µg in 1mg / mL, 

Ab Staphylococcus aureus C 15897, Abcam) was 

purchased. A Wistar laboratory animal rat, with a 

weight of 250 to 300 grams, was purchased from the 

animal center of Baqiyatallah University of Medical 

Sciences. RNA extraction kit and cDNA synthesis 

kit were purchased by the representative of MN and 

Takara companies. 

 
Preparation of Staphylococcus aureus superan- 

tigen C: Bacterial strain and culture conditions. 

In this study, an enterotoxin C producer of standard- 

ized strain of S. aureus was used (13). The bacterium 

was  inoculated  into  sterilized  BHI-broth  medium 

and incubated for 24 hours at 37°C; then, as precul- 

ture, it was inoculated into 1 liter of culture medium 

(0.5% v/v) and incubated at 37°C for 24 hours. Then, 

the above culture was transferred into the decanter 

and placed in a refrigerator at 5°C for 48 hours and 

then for 5 days at laboratory temperature. Then, the 

precipitate was collected. To isolate the bacterial 

cells, centrifuge was performed (5,000 ×g at 5°C for 

5 minutes); and the supernatant was sterilized by fil- 

tration (0.45 μm). The sequential ultra-filtration was 

centrifuged (6000 ×g at 5°C for 10 to 15 minutes). 

Also, the output of the filter 100 KDa was centri- 

fuged with a 50 KDa filter and its output with a 30 

KDa filter; then, the output was filtered with 10 kDa. 

This procedure was repeated 10 times; finally, 5 mL 

of an extract of 10 kDa filter was collected and stored 

at refrigerated temperature for further study. 

 
Determination of protein concentration. To de- 

termine the concentration of extracted protein at dif- 

ferent stages of production and purification, a Nano 

Drop was used at 280 nm wavelength with standard 

protein solution. In all cases, the sterilized extract of 

BHI-broth medium was used as a blank. 

 
SDS-electrophoresis and immunoblot. To deter- 

mine the isolation of toxin from the extracted solu- 

tion, SDS-electrophoresis was performed with 15% 
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polyacrylamide gel; then, immunoblotting was per- 

formed. 

 
Superantigen injection into the animal and 

sampling. In this study, 4 groups of 5 Wistar rats, 

weighing 250 to 300 grams, were selected. 

Group I: 50μL solution containing 1 mg of supe- 

rantigen C was injected into the first group of rats 

intra-articularly with insulin syringe. 

Group II: 50 μL of solution containing 1 mg of su- 

perantigen was injected into the second group intra- 

peritoneally with insulin syringe. 

Group III: 50 μL of normal saline solution was in- 

jected into the third group by intraperitoneal injection. 

Group IV: The members of the fourth group re- 

ceived no injection (control group). 

 
Blood sampling. Because blood sampling through 

the tail vein of the rats was difficult, it was not possi- 

ble to take blood samples from the tail; therefore, the 

animals were anaesthetized by ketamine hydrochlo- 

ride (1 to 1.5 mL of 50 mg/10 mL) and under aseptic 

conditions, blood was taken from the heart of the an- 

imals. Thus, at time zero, only blood sampling was 

done from the control group. After injections, blood 

sampling was done on days 10, 20, 40 and 50 from 

each group at each stage and RNA was immediately 

extracted. 

 
Extraction of RNA from rat blood. To extract 

RNA, a kit (NucleoSpin RNA blood, Takara Japan, 

Ref; 740200.50) was used. In this kit, it was instruct- 

ed to use liquid Proteinase K. The RNA was extract- 

ed and RT-real-time PCR was performed. 

RNA extraction steps were performed in an envi- 

ronment free of any contamination and at tempera- 

ture of 25°C. In brief, the extraction steps were as 

follow. 

 
Measuring the concentration of extracted RNA. 

RNA was extracted to determine its amount of lipid, 

protein, any contamination and DNA using spectro- 

photometric method of NanoDrop device. Graphs 

and OD content (Optical Density) of each sample was 

recorded by the device. 

 
Primer  designing.  The  relevant  CD  sequence 

gens (rat type), such as CD4+, CD8+ and CD18+, 

was selected from the database of the gene bank. The 

pair primers were designed based on the genes using 

available software (Online Gene script and Primer3 

software). 

 
cDNA Synthesis. For total cDNA synthesis, all 

mRNAs of the samples were used as template for 

synthesis by Takara cDNA synthesis kit and propri- 

etary primer. 

According to the kit direction for cDNA synthesis, 

first, the initial calculations for the normalization of 

the selected samples and the uniform concentration 

of the total RNA extracted from the samples were 

performed. 

 
RT-Real time PCR method. To investigate the 

rate and level of expression of inflammatory markers 

(CD4, CD8 and CD18), each of the samples and the 

housekeeping reference gene were used by RT-real- 

time PCR. 

RT-real-time PCR was used for quantitative anal- 

ysis of gene expression using Takara kit with SYBR 

Premix (Ex TaqTM II (Tli Plus) and Cat. No- Brand: 

RR820Q-Takara). 

For each of the CD4, CD8 and CD18 markers, for- 

ward and reverse primers were synthesized. They 

contained 6 vials and kept at the laboratory tem- 

perature outside the refrigerator. According to the 

instructions provided by the manufacturer, to use 

any primer with a concentration of 10-12 mole, the 

amount of RNase free distilled water for each vial 

had to be 300 μL. 

To use primers, a concentration of 100 µmoles was 

reduced with a ratio of 1 to 10 (for each vial, 9 water 

and 1 primer), using dilution, to a concentration of 

10 or 12 µmole. Then, according to the instructions 

of the Takara kit and for ease of use, 0.8 μL of the 

concentration of 10-12 µmole of the forward primer 

and 0.8 μL of the 10-12 µmole concentration of the 

reverse primer were mixed for each marker. Also, the 

GAPDH reference gene primers with a concentration 

of 10 to 12 µmole per 50 μL was also diluted and the 

primers F and R were mixed together in a defined 

proportion. 

 
RT- real-time PCR mixture preparation meth- 

od and protocol. All preparation steps for RT-real- 

time PCR were done in aseptic conditions and sterile 

instruments. 

Four rows of 12 cap strips were selected and 

marked: The first 12 horizontal stripes of cap strips 

for CD4 examination, the second row for CD8, the 
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third for CD18, and the fourth for evaluating the gene 

encoded the glyceraldehyde 3-phosphate dehydroge- 

nase (GAPHD) as reference gene. 

1-       Transferring   10   μL   SYBR   Premix   Ex 

TaqTM II (2x) into each of the microtubules attached 

to the Cap Strip 

2-       Transferring 1 μL of a cDNA solution syn- 

thesized as a template (<100 ng) 

3-       Transferring 1.6 μL of mixed primers PCR 

forward primer (10μM) and PCR reverse primer 

(10μM) for each of the desired markers in each row. 

4-       Adding 0.4 μL of ROX Reference Dye (50x) 

or Dye II (50x) 

Each vial was mixed gently, and by adding ster- 

ilized distilled water (dH2O), each of the reaction 

tubes reached 20 μL. Then, after a short spin of cap 

strips containing the sample and placing them in the 

real-time device vertically, the apparatus was pre- 

pared at 95°C for 3 minutes, with a denaturation of 

1 minute at 95°C, annealing 60% for 1 minute, and 

an extension. 

After the reaction, CT data for each sample in each 

vial were determined using the appropriate formulas 

for the level of expression of each marker. First, the 

average of all CTs and the mean of ΔCTs were cal- 

culated; then, by subtracting the ΔCT of the control 

and ΔCT of each of the samples, the expression level 

of each of the genes was determined and categorized 

using the formula of 2-ΔCT=ΔΔCT= gene expression 

level (14). 
 

 
 

RESULTS 

 
The activation of Staphylococcus aureus, the pro- 

ducer of superantigen C (Type C enterotoxin), was 

associated with the growth and opacity of the cul- 

ture. The turbidity obtained from the media with op- 

tical density spectrophotometer and at a wavelength 

of 560 nm was found to be 0.53. 

Also, the inoculation of bacterial preculture into 

BHI-broth supplemented media was associated with 

mass production and bacterial growth. 

The results of sequential ultrafiltration showed that 

the highest amount of protein with superantigen C 

property of the extracted protein was obtained under 

ultrafilter 30 kDa. 

The concentration of extracted protein, was ap- 

proximately 21 mg from 1 liter of bacterial culture. 

The results of SDS-PAGE electrophoresis showed 

the optimal procedure for the isolation of S. aureus 

superantigen C, which was confirmed by immuno- 

blotting. 

The results of the preparation concentration of the 

superantigen C of S. aureus was obtained from 1 liter 

of culture medium containing about 3 mL of toxin 

solution at a concentration of 7 mg/mL, which was di- 

luted as 1 mg / mL. The results of macroscopic assay 

revealed that the effect of superantigens on the liv- 

er, spleen, and kidneys are demonstrated in Table 1. 

 
RNA extraction result. The results of extract- 

ed RNA, using NanoDrop, in a wavelength of 260 

nm for each sample and electrophoresis in 1% gel, 

showed the appropriate procedure. 

 
cDNA Synthesis. The results of the cDNA syn- 

thesis in all extracted RNA samples are used for RT- 

real-time PCR reaction amplification. 

 
Primer design. The results of primers design were 

as CD18+ Rat Forward: 5' CAGGAATGCACCAAG- 

TACAAAGT 3'and CD18+ Rat Reverse: 5' CCTG- 

GTCCAGTGAAGTTCAGC 3', which was commis- 

sioned with the advice of a bioinformatics expert. 

The results of RT-real-time PCR reaction amplifi- 

cation of the 12 samples are shown in Fig. 1 as ampli- 

fication plot and melted curve. The results of the RT- 

real-time PCR reaction are represented graphically 

(Fig. 1). 

Based on Ct data, each CD sample and housekeep- 

ing gene expression are arranged as follow: 

The mean of Ct negative control, intra-articular and 

intraperitoneal received superantigens and the ∆Ct 

and also the expression rate of each of the inflamma- 

tory markers is presented in Table 2. The results of 

data analysis are presented in Table 3. 

As presented in Table 2, the injection of superan- 

tigen C of S. aurous has been shown to increase the 

expression of all the above genes. The results of data 

analysis presented in Table 3 indicate that intra-ar- 

ticular injection of this superantigen stimulate the 

expression of CD4 over intra-peritoneal injection, 

while injection in both cases was associated with an 

increase in CD18 expression. 
 

 
 
DISCUSSION 

 
Evidence suggests that CD18 plays a vital role in 
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Table 1. Sampling time and macroscopic signs and symptoms of the rats’ organs 

 

Clinical signs and symptoms 

of rats 
Spleen Kidney Liver Knee joint Blood Injection type 

Healthy Normal Normal Normal Normal Transparent Controlgroups 
Diarrhea,  total  liver,  spleen, Getting smaller Normal Swollen Swollen Transparent Groups   received   in- 
and kidney weight was 27 g of      tra-articular injection 
mice with, the mean of weight       
being 351 g       
Diarrhea,    relatively    untidi- Getting smaller Swollen Swollen Swollen Dark Groups  received intra- 
ness,  was  difficult  to  bleed      peritoneal injection 
and    was    quickly    clotted, 

total liver and spleen and 

kidneywere 24 g of mice’ 

weight,  with  average  weight 

of 317 g 

Normal and Healthy 

 
 
 
 
 

 
Normal 

 
 
 
 
 

 
Normal 

 
 
 
 
 

 
Normal 

 
 
 
 
 

 
Normal 

 
 
 
 
 

 
Transparent 

 
 
 
 
 

 

Groups received intra- 

peritoneal saline injec- 

tions 

 

 

 
 

Fig. 1. The results of amplification of 12 samples for CD18 and housekeeping genes 

The blue color is associated with the CD4 marker, the yellow color with the CD8 marker, the violet green color with the marker 

CD18, and the red color with the housekeeping gene (Gap HD). 
 

 
 

cellular activities. In some reports, the name of CD18 

has changed to Beta- 2 integrin, and investigation 

in genetic bases revealed that the beta- 2 integrin 

(CD18) is organized into 16 exons of about 40 kb (15). 

Furthermore, some reports suggest that the complex 

receptors  CD11a/CD18  is  a  subunit  of  leukocyte 

function associated Ag-1 (LFA-1), which has shown 

a crucial role in T-cell/endothelial cell interactions 

(16). Another study found that lack of CD18 on ei- 

ther cell type leads to dramatically reduced TGF-β1 

release by macrophages, which is due to defective 

adhesion and subsequent impaired phagocytic clear- 
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Table 2. Shows the rate of expression of CD markers and the housekeeping genes. 

 

Gene Mean Ct of 

C Sample 
Mean Ct of 

IA Sample 
Mean Ct of 

IP Sample 
∆Ct of IA 

Sample 
∆Ct of IP 

Sample 
∆∆Ct of IA 

Sample 
∆∆Ct of IP 

Sample 
CD4 34.41 33.31 34.49 1.1 0.08 2.14 0.94 
CD8 33.93 32.79 32.31 1.14 1.62 2.20 3.07 
CD18 25.42 25.70 25.71 0.28 0.29 0.82 0.81 
GAPHD 35.54 26.78 33.17 2.76 2.37 4.433 5.16 

 

Control = C; intra-articular = IA; intraperitoneal = IP; Cycle threshold=Ct 
 

 
 

Table 3. Analysis of the data obtained from RT- real-time PCR by Kruskal-Wallis test and Mann-Whitney test 

 
Groups 

1. Negative 2. Intra articular 3. Intra peritoneal 

p-value Multiple comparison 

Control SAg Received SAg Received 
 

CD4 33.29±1.65  35.69±1.88 35.54±1.03 0.19        (1vs.2,p=0.27);(1vs.3,p=0.05);(2vs.3,p=0.83) 
CD8 33.47±.73    31.52±4.76 35.09±1.77 0.29        (1vs.2,p=0.51);(1vs.3,p=0.13);(2vs.3,p=0.27) 
CD18 25.25±.75    22.69±1.65 27.95±3.35 0.04        (1vs.2,p=0.05);(1vs.3,p=0.13);(2vs.3,p=0.05) 
House kipping 33.06±1.86  32.36±.69 32.52±.79 0.83        (1vs.2,p=0.77);(1vs.3,p=0.99);(2vs.3,p=0.44) 
Gene    

 

 

ance of neutrophils (17) and possibly vice versa. This 

fact demonstrates that the secretion of TGF-bata-1 

is essential for wound-healing and anti-inflammato- 

ry properties. Although the precise role of CD18 in 

the pathogenesis of inflammatory diseases, such as 

RA, is still unclear, gene structural studies showed 

different complexities on CD11/CD18 (18); However, 

the CD18 mutant mice model has been analyzed for 

the  role  of  leukocyte-integrin-dependent  adhesion 

in inflammatory diseases (19). In this method, using 

anti-CD18 antibodies to influence neutrophil acti- 

vation was reported (20). In fact, the high levels of 

CD18 expression as a key role of RA pathogenesis 

by involving leukotriene B4 were shown. Therefore, 

inhibiting ex-vivo leukotriene B4 (LTB 4), which in- 

duced Mac-1 (CD11b/CD18) expression in leucocytes 

of patients with RA disease, could change the clini- 

cal signs and symptoms of the RA disease (21). How- 

ever, factors affecting the expression of high level of 

CD18 have not been directly reported. 

Although the term autoimmune has been chal- 

lenged with RA, there are numerous reports of pres- 

ence of different superantigens in blood (10), synovi- 

al fluid or both (11) in patients with RA. Recently, a 

research has assayed wide members of a superanti- 

gen family (PTSAg) in urine samples in patients with 

RA (22) and reported the presence of several bacte- 

rial superantigens in the urine of these patients. An- 

other researcher reported inflammation with initial 

dominance of CD8 T-cells in rats after intra-articular 

Staphylococcal superantigen A injection (23). 

Accordingly, in the present study, it was hypoth- 

esized that the first stage involved in inflammation 

and the superantigen C S. aureus may provoke the 

induction of CD18 expression. 

Thus, the effect of purified superantigen C on the 

induction of expression biomarker CD18 was exam- 

ined in rats. The results revealed that 50 μg of tox- 

in injected intera- articularly and intraperitoneally 

showed the surplus expression of the marker of CD18 

in blood of the rats after 20 days. Using this method, 

the expression of the markers in rats that received 

superantigen intra-articularly and intraperitoneally 

was 3 times higher than the controls. This finding in- 

dicated that the presence of superantigen C of S. au- 

reus induced expression of the CD18 inflammatory 

markers. This valuable finding is an introduction to 

further research and may help to prevent and control 

inflammatory diseases, including RA. 

In the present study, although only 1 superantigen 

was applied, it is clear that other bacterial superan- 

tigens may have similar effects, as in our previous 
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research, 5 classical Staphylococcal superantigens 

were found in synovial fluids of patients with rheu- 

matoid arthritis (30). In addition, in recent years, the 

role of microbiome in rheumatoid arthritis patho- 

genesis was considered (24-26). However, microor- 

ganisms naturally inhabit various sites of the human 

body, and thus new molecular diagnostic methods 

may help to clarify the role of bacterial superantigens 

in inflammatory diseases, especially RA. 

The clinical implication of current study is that 

a possible role of superantigen in clarification the 

mechanisms of pathophysiology of RA disease. The 

CD18 biomarkers expression in this study was influ- 

enced by superantigen C, and it has been the basic 

tool for drug evaluation and patient management. 

Furthermore, controlling CD18 biomarker expres- 

sion by exogenous superantigens may help develop 

protocols for designing diagnostic methods and pre- 

vention procedures. 
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