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ABSTRACT 
 
Background: Systemic Lupus Eyrythematosus (SLE) is an autoimmune disease charac-
terized by antibodies to nuclear antigens, particularly anti-dsDNA. Imbalance between 
production and destruction of immune cells causes cytopenia. Sex hormones have im-
munomodulatory effects; estrogen increases the production of autoantibodies in SLE 
prone NZB/NZW mice. Objective: To investigate the relationship between sex hor-
mones, anti-dsDNA, and lymphocyte subsets in Iranian patients with SLE. Methods: 38 
SLE patients (28 females and 10 males) meeting 4 of 11 ACR revised criteria for SLE 
classification, and 20 age and sex matched healthy individuals (10 females and 10 
males) participated in this study. Lymphocyte subsets were analyzed using flow cy-
tometric analysis. Serum anti-dsDNA levels and sex hormones concentrations were de-
termined using commercial ELISA and RIA kits, respectively. Results: The absolute 
count of white blood cells, lymphocytes, T lymphocytes (CD3+), T helper cells 
(CD3+CD4+), B cells (CD19+) and Nk cells (CD3- CD16+CD56+) in SLE patients di-
minished significantly in comparison to control group (p<0.05). IgG anti-dsDNA anti-
body levels were significantly higher in patients compared to controls as expected 
(p<0.05). Prolactin increased significantly, while DHEAS showed a significant decrease 
in SLE patients compared with the controls (p<0.05), however the level of estrogen did 
not have any significant difference in SLE patients in comparison to controls. Conclusion: 
Increased concentration of prolactin together with a simultaneous decrease in serum 
DHEAS in SLE patients are associated with anti-dsDNA elevation and a decrease in 
almost all lymphocyte subsets. 
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INTRODUCTION 
 
Systemic Lupus Eyrythematosus (SLE) is a chronic autoimmune disease characterized 
by antibodies to nuclear antigens, especially anti-dsDNA and is accompanied by ab-
normal immunoregulation. The cause of SLE is unknown, but genetic, infectious and 
environmental factors are important and can activate the disease (1, 2). The disease af-
fects women in child bearing ages more than men (3). 
SLE is characterized by recurrent flares and for the laboratory follow-up, parameters 
such as anti-dsDNA antibodies, complements titer and leukocytopenia have been de-
scribed (4). 
Imbalance between the production and destruction of various types of immune cells can 
cause cytopenia. The main reason for cytopenia in SLE is unknown, but it appears that 
an increase of anti-lymphocyte antibodies is involved in cell destruction (5), and most 
patients develop anti-lymphocyte autoantibodies during their illness, and there is a posi-
tive association between disease flare and lymphopenia (6). 
Sex hormones have profound immunomodulatory effects and are the strongest risk 
factor for developing SLE is female gender (7); female sex hormones enhance the 
immune responses, and accelerate the development of SLE and may be involved in 
the pathogenesis of the disease (8). In contrast androgens are immune suppressors 
and have protective effects in NZB/NZW lupus models in mice and inhibit anti-
DNA antibodies production. 
It has been noted that an important effect of female sex hormones is the ability to in-
crease production of autoantibodies in SLE patients and in SLE prone NZB/NZW 
mice (9). Most SLE patients develop anti-lymphocyte autoantibodies and their titer 
increase with disease activity. These patients also have diminished subsets of lympho-
cyte populations. 
In this study we have investigated the relationship between the amounts of sex hor-
mones and lymphocyte subsets in patients with Systemic Lupus Erythematosus. 
 
 
MATERIALS AND METHODS 
 
Study Participants. The study group was comprised of 38 SLE patients (28 females and 10 
males) with mean age of 27 years (16-47 years). All patients met 4 of 11 ACR (American 
College of Rheumatology) revised criteria for the SLE classification. Patients received no 
treatment or less than 10 mg/day prednisolone and/or 200 mg/day hydroxychloroquine, and 
none of them received any cytotoxic drugs. Twenty sex and age matched healthy individu-
als (10 females and 10 males) with a mean age of 28 years (18-42 years) participated as 
controls. All the female patients and controls were in their mid menstrual cycle (days 5-14), 
and none of them were taking birth control drugs. 
This study was approved by Mashhad University of Medical Sciences ethics committee. 
Written informed consent was obtained from all participating patients and controls. 
Detection of Lymphocyte Subsets. Three color antibodies CD4-FITC/CD8-PE/CD3-
PreCP, CD3-FITC/CD19-PE/CD45-PreCP and two color antibody CD3-
FITC/CD16+56-PE were purchased from IQ Products, The Netherlands. For staining 
cell surface markers, 20µl of fluorescent antibodies were added to 100µl of whole blood 
and incubated for 20 minutes at room temperature, then the RBCs were lysed using IQ 
Lyse solution (IQ Products, The Netherlands), and stained cells were washed twice 
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using PBS to exclude excess antibodies. Flow cytometry experiments were performed 
using FACSCalibur (Becton Dickinson, USA). The results were analyzed using 
Cellquest software (Becton Dickinson, USA). 
Determination of Sex Hormones and Anti-dsDNA Concentrations. Sera from pa-
tients were separated and stored at -20◦C until all were tested at the same time. For 
quantitative measurement of IgG anti-dsDNA antibodies, we used a commercial ELISA 
kit (Euroimmun AG, Germany). For determining sex hormones commercial RIA kits 
were purchased from Orion Diagnostica, Finland. The tests were performed according 
to the manufacturer's procedure. 
Statistical Analyses. Data were presented as mean ± standard error of mean (S.E.M.) 
and analyzed using SPSS version 11.5 software. The normal distribution of the investi-
gated subsets was explored by the descriptive statistics test. Significance of differences 
between means was calculated using the Student’s t-test. Mann–Whitney non-
parametric tests were used for comparison of the variables with abnormal distribution. 
Statistically significant differences were accepted at a p <0.05. 
 
 
RESULTS 
 
38 SLE patients (28 females and 10 males) with a mean age of 27 years (16-47 
years) and 20 age and sex matched controls with a mean age of 28 years (18-42 
years) participated in this study. In all patients we quantified the following lympho-
cyte subpopulations: T cells (CD3+), T helper cells (CD3+CD4+), T cytotoxic cells 
(CD3+CD8+), B cells (CD19+) and NK cells (CD3-CD16+56+) (Table 1). The abso-
lute counts of white blood cells, lymphocytes, CD3+ T cells, CD3+ CD4+ T helper 
cells as well as CD19+ B cells, and CD3-CD16+56+ NK cells were significantly 
lower in patients compared to controls. Although the absolute count of CD3+ CD8+ 
T cytotoxic cells had a slight increase in the patients, but the difference was not sig-
nificant compared to controls . The mean level of IgG anti-DNA antibodies in SLE 
patients was considerably higher as expected. The increase of estrogen and proges-
terone levels in patients was not statistically significant, however prolactin concen-
tration was significantly higher and DHEAS level was significantly lower in patients 
in comparison to controls. 
We then analysed the results separately in female and male patients and controls. 
Table 2 shows that differences between female patients and controls are similar to 
differences between all the patients and controls except for a decrease in CD19+ B 
cells in SLE patients which was not statistically significant compared to female con-
trols. When the progesterone level in the male patients and controls was analysed 
separately as shown in Table 3, a significant decrease in progesterone level was 
spotted in the male patients. 
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Table 1. Lymphocyte subsets, and anti-dsDNA and sex hormone levels in  
SLE patients and controls 

 
Sam-
ples 

WBC lymph CD3 CD4 CD8 CD19 NK  CD4/ 
CD8 

Anti-
DNA 

Estr Prog Prola DHEA 

SLE 
patients 

5733.8 
±339.8 
 

1423.6 
±112.2 
 

1096.5 
±93.9 
 

609.8 
± 59.6 
 

432.3 
± 44.3 
 

158.9 
± 18.8 
 

128.6 
± 16.9 
 

1.5 
± 0.15 
 

265.7 
±43.0 
IU/ml 

94.4 
± 19.5 
pmol/l 

1.7 
 ±0.7 
nmol/l 

24.4 
± 3.1 
mIU/l 

576.8 
±117.6 
umol/l 

Normal 
controls 

7919.0 
±445.7 
 

2091.0 
±170.3 
 

1510.5 
±126.1 
 

979.2 
±85.7 
 

413.8 
± 36.5 
 

237.1 
± 31.4 
 

247.4 
± 20.6 
 

2.5 
± 0.19 
 

52.0 ± 
 8.7 
IU/ml 

60.8 ± 
14.2 
pmol/l 

0.57 ± 
0.10 
nmol/l 

11.2 
 ± 1.2 
mIU/l 

1725.3 
±231.1 
umol/l 

 P<0.05 P<0.05 P<0.05 P<0.05  P<0.05 P<0.05 P<0.05 P<0.05   P<0.05 P<0.05 

 
 

Table 2. Lymphocyte subsets, and anti-dsDNA and sex hormone levels in  
female SLE patients and controls 

 
Sam-
ples 

WBC lymph CD3 CD4 CD8 CD19 NK  CD4/ 
CD8 

Anti-
DNA 

Estr Prog Prola DHE
A 

Female 
SLE 
patients 

5497.8 
±448.8 
 

1417.8 
±149.3 
 

1090.7 
±124.1 
 

624.0 
± 78.2 
 

420.0 
±58.2 
 

178.6 
±21.8 

101.2 
±19.2 
 

1.7 
± 0.21 
 

300.6 
±57.04 
IU/ml 

134.6 ± 
27.8 
pmol/l 

2.5 
 ±1.1 
nmol/l 

25.08 
± 4.3 
mIU/l 

613.6 
±160.6 
umol/l 

Female 
controls 

7736.3 
±599.1 
 

2051.9 
±208.3 
 

1503.1 
±159.0 
 

988.3 
±111.9 
 

399.1 
±44.4 
 

243.5 
±38.7 

220.7 
±27.2 
 

2.5 
± 0.20 
 

52.0 
 ± 6.3 
IU/ml 

92.9 
 ± 23.6 
pmol/l 

0.67 
 ±0.18 
nmol/l 

13.7 
± 2.03 
mIU/l 

1646.8 
±340.6 
umol/l 

 P<0.05 P<0.05 P<0.05 P<0.05   P<0.05 P<0.05 P<0.05   P<0.05 P<0.05 

 
 

Table 3. Lymphocyte subsets, and anti-dsDNA and sex hormone levels in  
male SLE patients and controls 

  
Sam-
ples 

WBC lymph CD3 CD4 CD8 CD19 NK  CD4/ 
CD8 

Anti-
DNA 

Estr Prog Prola DHEA 

Male 
SLE 
patients 

6227.2 
±463.7 
 

1321.7 
±125.0 
 

1018.6 
±115.6 
 

580.0 
± 89.4 
 

457.9 
± 65.8 
 

119.4 
± 34.4 
 

183.4 
± 27.4 
 

1.3 
± 0.21 
 

203.9 
± 62.7 
IU/ml 

26.4  
± 4.9 
pmol/l 

0.2  
± 0.02 
nmol/l 

23.0 
 ± 4.2 
mIU/l 

508.8 
±165.9 
umol/l 

Male 
controls 

8120.0 
±692.7 
 

2134.1 
±286.2 
 

1709.6 
±207.9 
 

969.2 
±137.7 
 

429.9 
± 61.3 
 

230.2 
± 52.6 
 

276.9 
± 29.8 
 

2.5 
± 0.36 
 

39.0 
± 8.0 
IU/ml 

25.6 
±1.9 
pmol/l 

0.46  
± 0.04 
nmol/l 

8.6  
± 0.74 
mIU/l 

1803.8
±328.8 
umol/l  

 P<0.05 P<0.05 P<0.05 P<0.05  P<0.05 P<0.05 P<0.05 P<0.05  P<0.05 P<0.05 P<0.05 

 
 
DISCUSSION 
 
Some sex hormones have receptors on immune cell surfaces and modulate immune re-
sponses (10). Estrogen prolongs the survival of autoimmune cells, increases the Th2–
related cytokine production, and stimulates antibody production by B cells. Recent in-
vestigations have suggested that immunostimulatory action of estrogen requires the 
presence of prolactin (11). Estrogen stimulates prolactin secretion and prolactin in-
creases immune responses towards antibody production (12). An association between 
increased prolactin levels with anti-dsDNA antibodies has been reported (13). Our study 
shows a significant increase in prolactin level in patients. High prolactin concentrations 
may in turn suppress estrogen secretion and can explain the slight nonsignificant in-
crease we found in this study. Androgens have suppressive effects on immune responses 
(9, 14), and their decrease correlates with SLE activity. DHEAS has been shown to be 
associated with an increase in Th1 and an inhibition of Th2 immune responses (15). 
Stimulatory effects of prolactin with simultaneous androgenic decrease in SLE patients 
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might be responsible for the increased anti-dsDNA and anti-lymphocytic autoantibodies 
(16). Diminished peripheral blood cell counts are one of the characteristics of patients 
with SLE (17- 21), and leucopenia and lymphopenia are considered as criteria for the 
diagnosis of SLE (17). This study also shows a significant decrease (p<0.05) in the ab-
solute number of white blood cells, lymphocytes, T lymphocytes (CD3+), T helper cells 
(CD3+CD4+), B cells (CD19+), NK cells (CD3-CD16+56+) and CD4/CD8 ratio in SLE 
patients compared to control group. 
Although one characteristic feature of SLE is increased activation of B cells secreting 
autoantibodies, however it has been shown that some SLE sera contain autoantibodies 
to B cells (22, 23). These antibodies might explain why B cells are decreased in our pa-
tients compared to controls (p<0.05). In the patients the absolute number of NK cells 
are decreased in comparison to controls (p<0.05). It has been reported that in active 
SLE, the absolute number of NK cells are decreased (24). This reduction might be due 
to the presence of antilymphocyte autoantibodies and FCRs (CD16) modulation by im-
mune complexes (25). 
CD19+ B cells show a significant decrease in male patients compared to male controls (Ta-
ble 3) which could be explained by the significant lower concentration of progesterone. 
This decrease is not significant in female patients, since the progesterone level does not 
show a significant difference in female patients compared to the controls. 
In conclusion this study shows that increased concentration of prolactin with simultane-
ous decrease in DHEAS level in SLE patients is associated with anti-dsDNA elevation 
and a decrease in lymphocyte subsets which is probably due to the presence of antilym-
phocyte auto-antibodies. 
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