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Background/Aim:
from systemic lupus erythematosus (SLE) patients plays an important role in the pathogenesis 

2S) has been recognized as a crucial gaseous 
signaling molecule, involved in regulation of cell proliferation. However, the role of H2S in 
regulating the abnormal activation of lymphocytes from SLE patients has not been established. 
This study was conducted to investigate the effect of H2S on lymphocytes and to explore 
the mechanisms involved. Methods: The lymphocytes were isolated from SLE patients with 
or without renal disease and healthy controls. The cells were treated as indicated in each 
experiment. Cell viability was analyzed by CCK-8. Cell cycle distribution was determined 

Kip1 and p21 . Results:
proliferation of lymphocytes was stimulated following treatment with NaHS (a H2S donor) at 
low NaHS concentrations (<1mM) but inhibited at high NaHS concentrations (>2mM). Similar 
results were observed using GYY4137, which is a slow-releasing H2S donor. Pretreatment 
of lymphocytes from SLE patients with NaHS at high concentrations prior to exposure to 

viability and S phase distribution of cell cycle. Pretreatment with NaHS decreased PHA-induced 

the expression of p27Kip1 and p21 . Moreover, pretreatment with NaHS blunted the 
Conclusion: 

These results demonstrate that H2S inhibits the abnormal activation of lymphocytes from SLE 
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Systemic lupus erythematosus (SLE) is an autoimmune disease characterized by various immunological abnormalities. Although the cause of SLE remains incompletely understood, the abnormal activation and proliferation of lymphocytes have been proven important in the pathogenesis of SLE [1]. It has been established that cell proliferation depends on the interactions between cell cycle regulatory proteins, such as cyclin-dependent kinases (CDKs), p27Kip1 and p21WAF1/CIP1. 
lymphadenopathy and splenomegaly with accumulation of CD4+ and CD8+cells in such transgenic mice [4, 5]. We previously found that the proportions of lymphocytes 0 1 phase and 

Kip1 and p21WAF1/CIP1 were decreased in lymphocytes from the patients [6]. It indicates that the lymphocytes in SLE patients. In recent years, H2S has been considered as a biologically relevant signaling molecule cellular signals, protecting vascular endothelium and so on [7-10]. Previous evidence indicates that H2at low concentrations while inhibiting at high concentrations. Little work has been focused on the impact of H2S to the proliferation of lymphocytes from SLE patients, and whether 
2S on the abnormal activation and proliferation of lymphocytes from 

Reagents

(San Diego, CA, USA). Antibodies against p27Kip1, p21WAF1/CIP1

Republic of China). 
Patients, controls and blood samplesSLE patients were recruited from the outpatient clinics and inpatient services at the Sun Yat-sen 
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approved by the Clinical Research Ethics Committee of Sun Yat-sen University and signed informed consent was obtained from the healthy volunteers and the patients. 
Cell culture

2. After cultured for 4 
Measurement of H2S levels.H2 2S sensors (ISO-H2S-100, World Precision Instruments, Sarasota, FL, USA) were used for the real-time measurement of dissolved H2S concentration in the medium. 
Flow cytometry

Proliferation assays

Cell proliferation (%) = (OD treatment group – OD blank) / (OD control group – OD blank) ×100
Western blot analysis , 20 

Statistical analysisStatistical comparisons were performed using independent-samples t tests or one-way analysis of 

H2S had biphasic effects on the proliferation of lymphocytesIt is reported that H2S regulates the proliferation and apoptosis of many kinds of cells 2S on lymphocytes from SLE patients, lymphocytes 
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were isolated from healthy controls, SLE and RSLE patients respectively, then treated with increasing concentration of NaHS (a H2S donor, including concentrations of 0.25, 0.5, 1, 2, 2S released by 0.25-8mM NaHS at different time points were measured and shown as in Fig. 1. We observed that when treated by NaHS in low concentrations (0.25-1mM), the cell viability of lymphocytes from SLE and RSLE 
the concentration of 2 mM (Fig. 2A). Lymphocytes from SLE and RSLE patients proliferated obviously after treated with PHA. Pretreatment with NaHS at 4 mM inhibited the cell viability of PHA-induced lymphocytes from SLE and RSLE patients. However, the cell viability was harmed with pretreatment of NaHS at 8 mM (Fig. 2). Interestingly, we observed similar 2results indicated that H2S in different concentration showed different effects on proliferation needed to inhibit the abnormal proliferation of lymphocytes from lupus patients was higher than that needed for the lymphocytes from healthy controls.

H2S pretreatment changed cell cycle distribution of PHA-induced lymphocytes from SLE 
patientsLymphocytes from patients and healthy controls were distributed into three cell 0 1 2after treatment with PHA for 48 hours, the percentage of lymphocytes from SLE and RSLE 0 1 phase compared with those from healthy controls. In addition, lymphocytes from RSLE in S phase increased more 

0 10 1 and S phase of lymphocytes in the pretreatment with NaHS group were similar to the untreated group respectively. Additionally, we found that NaHS at 4mM didn't 2S altered the abnormal cell cycle distribution of PHA-induced lymphocytes from SLE and RSLE patients. 
H2S altered expressions of CDK2, p27Kip1 and p21WAF1/CIP1 in stimulated lupus lymphocytes1/S transition. It has been proven that the upregulation of CDK2 and downregulation of p27Kip1 and p21WAF1/CIP1 correlated with the abnormal proliferation of lymphocytes from lupus patients in our 2S pretreatment would affect the shown in Fig. 6, after treatment of lymphocytes from RSLE patients with PHA for 48 hours, Kip1 and p21WAF1/CIP1 decreased. and without PHA treatment) showed no obvious differences to those in the untreated group 

Fig. 1. 2S in the culture medium released by NaHS (0.25-8mM) at different 2S have been measured using the Amperometric H2S sensors at the indicated time points. 
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lymphocytes from SLE were similar to those from RSLE, but the changes were less obvious 2S against proliferation Kip1 and p21WAF1/CIP1 in lymphocytes of SLE patients. 
H2S changed the phosphorylation levels of AK  and SK  in lupus lymphocyteslupus lymphocytes, especially in those from RSLE, as what was demonstrated in our previously 

Fig. 2. Different concentration of NaHS showed different effects on lymphocytes. Lymphocytes harvested from healthy controls (A), SLE patients (C) were pretreated with different concentrations of NaHS in the absence or presence of PHA. After 48 hours, the cell viability of lymphocytes was 
p p<0.01, compared with 

p<0.05, 
p<0.01, compared with NaHS 0mM without PHA treatment group.

different effects on lymphocytes. Lymphocytes harvested from healthy controls (A), SLE patients (C) were pretreated with different concentrations of hours, the cell viability of lymphocytes was measured by CCK-8. Results are for three independent 
p p<0.01, compared with 

http://dx.doi.org/10.1159%2F000350097


Cell Physiol Biochem 2013;31:795-804
DOI: 10.1159/000350097
Published online: May 31, 2013

© 2013 S. Karger AG, Basel
www.karger.com/cpb 800

Han et al.:  H2S inhibits Proliferation of Lymphocytes in SLE Patients

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

PHA. Pretreatment with NaHS in the absence of PHA attenuated the phosphorylation levels 

Fig. 4. H2S pretreatment changed cell cycle distribution of PHA-induced lymphocytes from SLE patients. Lymphocytes from healthy controls (A), SLE patients without renal patients (C) were pretreated with or without NaHS the presence or absence of 48 hours after different treatments, Cells were collected and analyzed by 

hours. N=5. 
Fig. 5. from healthy controls, SLE and RSLE patients after treatment with or without NaHS at the indicated time isolated from heparinized venous blood by Ficoll-seeded at 1,000,000 cells per well in 24-well plates and treated with or without NaHS (4mM). Cells were collected at the indicated time points for apoptosis 

 Distribution of cells according to cell cycle phase. * p < 0.05 compared with Control with PHA 
p< 0.05 compared with SLE with PHA treatment group. Lymphocytes from healthy 

for 48 hours. N=5.

differences of apoptosis percentages of lymphocytes from healthy controls, SLE and RSLE patients between 
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in the pretreatment with NaHS groups (either with or without PHA-induced). In order to further clarify the relation between H2absence or presence of NaHS pretreatment, and the cell viability was analyzed using CCK-
2S in the abnormal activation of lymphocytes from SLE patients. 

H2 2S is produced by tissue-
an important signaling molecule, regulating multiple cellular functions during normal and pathophysiological states. As a gasotransmitter, H2S, which travels through the and apoptosis in a variety of cells [7, 15]. NaHS is used as a common donor of H2

peripheral blood lymphocytes [11], while recently W. Miller et al. showed that H2S enhanced 2S at 

Fig. 6. Changes in the regulatory proteins in lymphocytes from RSLE. Lymphocytes separated from RSLE patients were treated with or without PHA for 48 hours in the presence or absence min. Cell lysates were blot analysis using CDK2, p27Kip1 and p21WAF1/CIP1 
of 5 individual samples are plotted (* p<0.05, ** 
p<0.01 compared with untreated group (NaHS/
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low concentrations slightly stimulated the viability of lupus lymphocytes, but inhibited the abnormal proliferation of lupus lymphocytes stimulated by PHA in higher concentration. 2effect achieved with pretreatment of NaHS at 4 mM group. Such discrepancies can be due used after PHA-stimulation in the study of Mirandola et al, while NaHS treated cells before 
blood lymphocytes were separated from healthy volunteers, while in W. Miller et al. cells were from SLE or RSLE proliferated more obviously than that from healthy controls in the present was needed to inhibit the PHA-stimulated proliferation of lymphocytes from lupus patients. Pretreatment with NaHS in 4 mM didn't induce more apoptosis of lymphocytes from lupus patients than those from healthy controls (as shown in Fig. 5). However, the viability of lymphocytes was damaged when treated with NaHS at higher concentration in both healthy controls and lupus patients. It has been established that H2S acted as a cyclin dependent kinase inhibitor in cell 

Fig. 7. H2S inhibited the abnormal proliferation of lymphocytes from pathway. Lymphocytes separated from RSLE patients were treated with or without PHA for 48 hours in the presence or absence of 
blot analysis using phospho-

samples are plotted (* p<0.05, ** p<0.01 compared with NaHS/separated from patients and controls were cultured for 48 hours with LiCl (12.5mM) with or without pretreatment of NaHS of lymphocytes was measured by 
p<0.05.

http://dx.doi.org/10.1159%2F000350097


Cell Physiol Biochem 2013;31:795-804
DOI: 10.1159/000350097
Published online: May 31, 2013

© 2013 S. Karger AG, Basel
www.karger.com/cpb 803

Han et al.:  H2S inhibits Proliferation of Lymphocytes in SLE Patients

Cellular Physiology 
and Biochemistry

Cellular Physiology 
and Biochemistry

2S pretreatment (at the concentration of 4 mM) changed cell cycle distribution of PHA-stimulated lymphocytes from SLE and RSLE patients. Kip1 and p21WAF1/CIP1 previous studies, which indicates that treatment of H2cell cycle regulatory proteins in lymphocytes from SLE and RSLE patients, and then prevents the entering of the S phase. 

were consistent with these reports and our previously study [6]. H2S in high concentration with H2 2S pretreatment induces the stable state of lupus lymphocytes through this signal pathway. As the progression in the studies of H2S, more and more therapeutic potential of H2S 2S ameliorates myocardial dysfunction associated with the 
2S in buffer and did not affect plasma H2H2S-donating drugs have been synthesized and tested in vivo and in vitro [21]. Chattopadhyay 

0 1 

2S treatment to SLE, such as gastrointestinal protection, for therapeutic prospect of H2S to SLE, suppressing the abnormal proliferation of lupus 
in vivo and the effects of H2S to different subsets of lymphocytes or organs from SLE and so on. In conclusion, H2S inhibited the abnormal activation and proliferation of lupus 

1 
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