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ABSTRACT. Previous studies have shown a close correlation between 
the generation of B cell autoantibodies and imbalances in T lymphocyte 
subpopulations and the occurrence of disease. In this study, we have 
analyzed the effects of abnormal expression of CD4+CD25+-regulatory 
T cells, T lymphocyte subpopulations, immunoglobulins, complement 
factors, inflammatory factors, and adhesion molecules in the peripheral 
blood on the occurrence and development of autoimmune disease. 
Eighty patients with autoimmune disease were randomly (equally) 
divided into active-stage and stable-stage disease groups (according to 
pre-defined criteria). Fifty healthy people were recruited to the control 
group. The above-mentioned indices were detected by flow cytometry, 
immunity transmission turbidity, and enzyme-linked immunosorbent 
assay. We observed an obvious decrease in the CD4+CD25+- regulatory 
T cell, CD4+ cell, CD4+/CD8+ cell, NK cell, C3, and C4 expression in 
all three groups; however, this decrease was statistically significant in 
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the active-stage group (P < 0.05). Alternately, we observed a significant 
increase in the expression of CD8+ cells, immunoglobulin (Ig) A, IgG, 
IgM, tumor necrosis factor-a, interleukin (IL)-10, IL-17, interferon-g, 
intercellular adhesion molecule-1, vascular cell adhesion molecule-1, 
and E-selectin expression in the active-stage group (P < 0.05). Therefore, 
inflammatory reactions and immune dysfunction occurs during the 
active-stage of autoimmune disease, and detection of the immune 
indices and inflammatory and adhesion factors could help evaluate the 
immune stage in these patients, providing an experimental basis for the 
determination of disease progression and clinical treatment.
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INTRODUCTION

Autoimmune disease can be T cell-mediated (multiple sclerosis, MS) or immune 
complex-mediated (comprising autoantibodies and tissue surface antigens or soluble antigens) 
(Liu and Davidson, 2011; Fairfax et al., 2012). The development of autoantibody-induced 
diseases, such as systemic lupus erythematosus (SLE), myasthenia gravis, and sicca syndrome, 
can be attributed to tolerance deficiency of specific B cells that produce autoantibodies (Zouali 
and Uy, 2013). Helper T cells are known to promote the response of self-reactive B cells in 
diseases induced by autoantibodies, such as immunoglobulin G (IgG) (Vincent et al., 2014). 
Recent studies have indicated that self-reactive B cells play major roles in T cell-induced 
autoimmune diseases, such as MS and type 1 diabetes mellitus (Stohl et al., 2012; Szydłowski 
et al., 2014). Therefore, the consensus is that autoimmune dysfunction is coordinated and 
mediated by T and B cells (Lisak and Ragheb, 2012; Vincent et al., 2013).

Over 30 types of autoimmune diseases, a majority of which are primary autoimmune 
diseases involving multiple factors, such as genetic or environmental factors, or abnormal 
immune or sex hormone (and its receptor) regulation, have been reported so far (Chong et 
al., 2014). Recent studies have shown the increased usage of peripheral blood to clinically 
evaluate the active degree of disease and provide a reference for the determination of disease 
progress and selection of treatment method (Haugen et al., 2014). In this study, we have 
discussed the clinical significance of the detection of CD4+CD25+-regulatory T cells, T 
lymphocyte subpopulations, immunoglobulins, complement factors, inflammatory factors, and 
adhesion molecules in the peripheral blood of patients with autoimmune disease, to provide an 
experimental basis for the diagnosis and treatment of autoimmune disease.

MATERIAL AND METHODS

General data

Eighty patients with various autoimmune diseases (46 males and 34 females; age 
range: 12-67 years; average age: 36.88 ± 13.81 years) who received treatment at the Binzhou 
People’s Hospital, Shandong, China, between May 2013 and May 2014 were recruited to this 
study. Autoimmune disease was diagnosed based on conformance with the relevant diagnostic 
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criteria for autoimmune disease (Volpe et al., 2008). The study population comprised 25 patients 
with SLE, 25 patients with rheumatoid arthritis, and 30 patients with ankylosing spondylitis. 
Patients with acquired immune deficiency syndrome (AIDS), hyperthyrosis, or other immune 
system diseases, severe liver and renal disease, diabetes, malignant tumors, or infectious 
diseases, those who had taken immunosuppressors or non-steroidal antipyretic analgesics prior 
to recruitment, or females in their gestation period, suckling period, or menstrual period (at the 
start of the study) were excluded from this study. The subjects were evenly divided into active-
stage and stable-stage groups according to the Valentjin method, improved disease activity 
criteria of European League against Rheumatism (three variables) (DAS28-3), and Bath 
ankylosing spondylitis disease activity index (BASDAI). Fifty healthy people who underwent 
a physical examination at the Binzhou People’s Hospital during the same time period were 
recruited to the control group (19 males and 31 females; age range: 18-65 years; average age: 
40.35 ± 13.77 years). The study was approved by the Ethics Committee of the hospital, and 
signed informed consent was obtained from all patients prior to the experiment. The patients 
in the three groups did not differ significantly in terms of their age and gender ratio (P > 0.05).

Instruments and reagents

The 960 microplate reader (Sigma-Aldrich, St. Louis, MO, USA), EPICS XL flow 
cytometer (Beckman Coulter, Brea, CA, USA), and the fully automated 7080 biochemical analyzer 
(Hitachi, Tokyo, Japan) were used in this study. A standard enzyme-linked immunosorbent assay 
(ELISA) kit was obtained from Boster Biological Company (Valley Ave, CA, USA).

Observation index and detection method

Fasting peripheral venous blood (3 mL) was obtained from each subject; the blood 
samples were centrifuged at 12,000 g for 10 min and the supernatant was stored at -80°C.

Detection of T lymphocyte subpopulations

The CD4+CD25+-regulatory T cell and T lymphocyte (CD3+, CD4+, and CD8+) 
subpopulation and natural killer (NK) cell levels were detected by flow cytometry as follows: 
fluorescence-labeled monoclonal antibodies against CD4/CD8/CD3 (10 mL), CD3/CD16+56+ 
(10 mL), CD4CD25 (Foxp3; 10 mL) were added to a 12-mm x 75-mm flow cytometry tube. 
One hundred microliters of peripheral blood was subsequently added, and the tubes were 
cultured at room temperature in the dark for 15 min. Isotype controls were set up. Optilysec 
hemolysin (500 mL) was added to the tubes and mixed by vortexing. The tubes were then 
incubated at room temperature for 10 min in the dark. The cells were centrifuged again at 6000 
g for 5 min and the supernatant was removed. The cells were centrifuged again with 1 mL PBS 
for 5 min and the supernatant removed. The cells were washed and resuspended in 1 mL PBS. 
The single-cell suspension was detected.

Detection of Ig and complement levels

IgA, IgG, IgM, C3, and C4 levels were detected using a fully automated biochemical 
analyzer and immunity transmission turbidity.
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Detection of serum inflammatory factors and adhesion molecules

The tumor necrosis factor (TNF)-a, interleukin (IL)-10, IL-17, interferon (IFN)-g, 
intercellular adhesion molecule (ICAM-1), vascular cell adhesion molecule (VCAM)-1, and 
E-selectin levels were detected by ELISA as described below: the standard kits and samples 
were cooled at 27°C for 30 min. The standard substance, blank control, and sample wells were 
set up by adding 50 mL standard substance, sample, and blank control separately into the wells. 
The position of each well was recorded. The wells were set up in triplicate. Assay diluent (100 
mL) was added to each well. The plate was sealed with a microplate sealer and cultured on 
a micro-horizontal oscillator (500 ± 50 rpm) at room temperature for 3 h. Subsequently, the 
liquid from each well was discarded, and each well was washed thrice with 400 mL washing 
liquid; the procedure was repeated four times. The wells were washed; the liquid was removed, 
and the ELISA plate was reversed and dried with clean bibulous paper. Subsequently, the cells 
were incubated with 200 mL B cell activation factor belonging to the TNF family (BAFF/BLy 
S) or dsDNA conjugate. The plate was covered with a new microplate sealer and cultured on 
a micro-horizontal oscillator at room temperature for 1 h. The ELISA plate was washed as 
described above. Subsequently, 200 mL substrate solution was added to each well, and the 
cells were incubated at room temperature in the dark for 30 min. Fifty microliters stopping 
solution was added to each well. The color of the liquid in the well developed from blue 
to yellow; however, if the liquid turned green or no obvious color changes were observed, 
the ELISA plate was mildly beaten to ensure full mixing. The absorbance (optical density) 
of each well was measured at 450 nm within 15 min after the termination of the reaction. 
The standard curve regression equation was calculated using the concentration of standard 
substances and the corresponding OD value. The concentration of the sample was calculated 
using the regression equation, based on the OD value of the sample. The final concentration 
was thrice that of the measured concentration.

Statistical analysis

SPSS v.20.0 was used for data analysis. The data are reported as the means ± standard 
deviation (SD) and analyzed by single-factor analysis of variance (ANOVA). Comparison 
between groups was performed using the q-test. The difference was considered to be 
statistically significant when P < 0.05.

RESULTS

Peripheral blood cell subpopulations

We observed a significant decrease in the CD4+CD25+-regulatory T cell, CD4+/
CD8+ cell, and NK cell population (4.3 ± 0.7 vs 7.4 ± 1.4 vs 8.8 ± 1.4; 24 ± 3 vs 41 ± 7 vs 
49 ± 9; 0.71 ± 0.09 vs 1.78 ± 0.28 vs 1.79 ± 0.30; 6.9 ± 1.1 vs 13.9 ± 1.8 vs 16.1 ± 2.3) and 
a significant increase in the CD8+ cell expression (48 ± 8 vs 28 ± 5 vs 26 ± 3) in the active-
stage group, compared to the stable-stage and control groups (P < 0.05). However, the CD3+ 
subpopulation did not differ significantly (P > 0.05). Moreover, the differences in the above-
mentioned indices between the control and stable-stage groups were not significant (P > 0.05; 
Figure 1).
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Comparison of Ig and complement expression between the three groups

The active-stage group showed a significant increase in IgA, IgG, and IgM expression 
and a significant decrease in the C3 and C4 levels compared to the stable-stage and control 
groups (P < 0.05). However, these indices did not differ significantly between the control and 
stable-stage groups (P > 0.05; Table 1).

Table 1. Comparison of peripheral blood immunoglobulin and complement expression between control, 
stable-stage, and active-stage groups (means ± SD).

Group IgA (g/L) IgG (g/L) IgM (g/L) C3 (g/L) C4 (g/L) 
Control group 3.2 ± 0.4 11.2 ± 1.8 1.21 ± 0.17 1.42 ± 0.22 0.46 ± 0.06 
Stable-stage group 3.9 ± 0.6 13.1 ± 2.2 1.41 ± 0.19 1.32 ± 0.22 0.40 ± 0.07 
Active-stage group 6.1 ± 1.1 21.4 ± 3.6 2.01 ± 0.33 0.89 ± 0.14 0.15 ± 0.01 

 

Comparison of inflammatory factor expression between the three groups

We also observed a significant increase in the expression of TNF-a, IL-10, IL-17, and 
IFN-g in the active-stage group compared to the control and stable-stage groups (P < 0.05); 
however, these indices did not differ significantly between the control and stable-stage groups 
(P > 0.05; Table 2).

Figure 1. Comparison of T cell subpopulation between the three groups.
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Comparison of adhesion molecule expression between the three groups

We also observed a significant increase in the levels of ICAM-1, VCAM-1, and 
E-selectin in the active-stage group, compared to the control and stable-stage groups (P < 
0.05). However, these indices did not differ significantly between the control and stable-stage 
groups (P > 0.05; Table 3).

Table 2. Comparison of inflammatory factor expression between groups (means ± SD).

Group TNF- (pg/mL) IL-10 (pg/mL) IL-17 (pg/mL) IFN- (pg/mL) 
Active-stage group (N = 40) 23 ± 34*# 6 ± 7*# 48 ± 33*# 3.2 ± 3.2*# 
Stable-stage group (N = 40) 81 ± 11 30 ± 6 104 ± 14 14.1 ± 2.5 
Control group (N = 50) 60 ± 11 21 ± 2 83 ± 14 12.8 ± 2.2 

 *P < 0.05 compared to the control group. #P < 0.05 compared to the stable-stage group. TNF-a, tumor necrosis 
factor-a; IL-10, interleukin-10; IL-17, interleukin-17; IFN-g, interferon-g.

Table 3. Comparison of adhesion molecule expression between the control, active-stage, and stable-stage 
groups (means ± SD).

*P < 0.05 compared to the control group. #P < 0.05 compared to the stable-stage group. ICAM-1, intracellular 
adhesion molecule; VCAM-1, vascular cell adhesion molecule.

Group ICAM-1 (pg/mL) VCAM-1 (pg/mL) E-selectin (pg/mL) 
Active-stage group (N = 40) 0.79 ± 0.13*# 67.72 ± 10.12*# 0.41 ± 0.08*# 
Stable-stage group (N = 40) 0.48 ± 0.07 35.23 ± 5.41 0.07 ± 0.01 
Control group (N = 50) 0.43 ± 0.08 22.39 ± 3.46 0.04 ± 0.01 

 

DISCUSSION

The imbalance in CD4+CD25+-regulatory T cell expression results in T lymphocyte 
dysfunction and generation of a large amount of B cell autoantibodies in infection-mediated 
autoimmune disease. NK cell imbalance has been shown to induce increased autoantibody 
production and humoral immunity hyperfunction; this, in turn, leads to the formation of 
antigen-antibody complexes that activate the complement system, inducing a decrease in C3 
and C4 expression. Finally, this leads to multiple-organ failure and tissue injury (Hongo et al., 
2012; Schliesser et al., 2012). The results of this study indicated a significant decrease in CD4+ 
cells, CD4+/CD8+ cells, NK cells, C3 , and C4, and a significant increase in CD8+ cells, IgA, 
IgG, and IgM in the active-stage group (P < 0.05); however, there were no obvious changes in 
the expression of CD3+ cells (P > 0.05). On the other hand, the difference between the stable-
stage and control groups was not significant (P > 0.05). This indicated an imbalance in the 
immune functions in the cells and body fluids during the active stage of autoimmune disease. 
Downregulated CD4+/CD8+ cell expression is an important indicator of the severity and 
prognosis of disease (Gu et al., 2008). During the stable stage, there is a marked improvement 
in all indices, suggesting a relief in immune dysfunction.

CD4+CD25+-regulatory T cell, a newly identified protective immune-regulatory 
molecule, inhibits the activation and proliferation of CD4+ T cells, CD8+ T cells, and NK 
cells, as well as the generation of B cell antibodies (Sakaguchi et al., 2010). Abnormal 
expression of CD4+CD25+-regulatory T cells can induce autoimmune diseases such as MS, 
idiopathic thrombocytopenic purpura, autoimmune hepatitis, and primary biliary cirrhosis; in 
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fact, previous studies have concluded that reduced regulatory T cell expression and functional 
defects induce the occurrence and development of autoimmune disease (McKarns and 
Schwartz, 2005; Wang et al., 2010). The results of this study suggest a significant decrease in 
the CD4+CD25+-regulatory T cell expression in the active stage group (P < 0.05); however, the 
difference in CD4+CD25+-regulatory T cell expression between the stable-stage and control 
groups did not differ significantly (P > 0.05), which was consistent with the results reported by 
Habibagahi et al. (2011). This indicated the involvement of CD4+CD25+-regulatory T cells in 
the onset of autoimmune disease, and its close correlation with disease activity.

Previous studies have also suggested a correlation between the expression of adhesion 
molecules and the occurrence of rheumatoid arthritis, SLE, and psoriasis; moreover, the pathogenic 
mechanism was thought to be associated with the activation of leukocytes and the invasion of 
inflammatory cells (Lim et al., 2005; Lowes et al., 2008). Our results showed a significant increase 
in the expression of TNF-a, IL-10, IL-17, IFN-g, ICAM-1, VCAM-1, and E-selectin in the cells 
of the active-stage group (P < 0.05); however, this difference was not significant between the cells 
of the stable-stage and control groups (P > 0.05), suggesting a correlation between the imbalance 
between cell and regulatory factors and the occurrence of autoimmune disease.

In conclusion, immune dysfunction and inflammatory reactions play important roles 
in the different stages of the occurrence and development of autoimmune disease; specifically, 
abnormalities in immune indices, such as inflammatory factor, T lymphocyte subpopulation, and 
Ig expression, during the active stage of the disease can be indicative of poor prognosis. Monitoring 
the changes in immune index and inflammatory reaction can play a major role in understanding 
the immunological state of the disease, thereby guiding the course of clinical treatment.

Study limitations

We observed a significant decrease in the CD4+CD25+-regulatory T cells in the active-
stage group compared to the control group. However, van Amelsfort et al. (2004) reported a 
significant increase in the expression of CD4+CD25+-regulatory T cells in the peripheral blood 
of patients with rheumatoid arthritis, compared to the complete lack of expression observed in 
the normal people included in the active-stage group. This inconsistency in the results might 
be correlated with the differences in analyzed disease categories or the degree of active-stage 
of the disease in the different stages. The regulatory T cell phenotype and the functional status 
of patients with autoimmune disease are unstable and complex, and remain to be elucidated.
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