
original articles

 491

IMAJ • VOL 16 • August 2014

Background: Systemic lupus erythematosus (SLE) is an auto- 
immune disease characterized by disturbance of the innate 
and adaptive immune systems with the production of auto- 
antibodies by stimulated B lymphocytes. The BLyS protein 
(B lymphocyte stimulator) is secreted mainly by monocytes 
and activated T cells and is responsible for the proliferation, 
maturation and survival of B cells. 
objectivs: To study sera BLyS level and its clinical significance 
in Israeli lupus patients over time.
methods: The study population included 41 lupus patients 
(8 males, 33 females; mean age 35.56 ± 15.35 years) and 50 
healthy controls. The patients were followed for 5.02 ± 1.95 
years. We tested 221 lupus sera (mean 5.4 samples/patient) 
and 50 normal sera for BLyS levels by a capture ELISA. Disease 
activity was determined by the SLEDAI score. 
results: Sera BLyS levels were significantly higher in SLE 
patients than in controls (3.37 ± 3.73 vs. 0.32 ± 0.96 ng/ml, P 
< 0.05). BLyS levels were high in at least one sera sample in 
80.5% of the patients but were normal in all sera in the control 
group. There was no correlation between sera BLyS and anti-
ds-DNA autoantibody levels. BLyS levels fluctuated over time 
in sera of lupus patients with no significant correlation to 
disease activity. 
conclusions: Most of our lupus patients had high sera BLyS 
levels, suggesting a role for BLyS in the pathogenesis and 
course of SLE. Our results support the current novel approach 
of targeting BLyS (neutralization by antibodies or soluble 
receptors) in the treatment of active lupus patients.
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s ystemic lupus erythematosus is an autoimmune disease 
affecting almost any organ in the body including the 

nervous system, kidneys, lungs, cardiovascular system, skin, 
eyes, digestive system and the hematological system. The dis-

ease appears at any age in both genders but is more common 
in females of reproductive age [1]. Although the precise etiol-
ogy of SLE1 has not yet been determined, it has been shown 
that genetic, environmental and hormonal factors play a role 
in its pathogenesis. SLE is characterized by disturbances of 
both the innate and the adaptive immune systems with dys-
regulation of T and B cells, cytokines and the complement 
system, as well as in the production of autoantibodies [1]. 

The basis for the development of autoimmune diseases, 
like SLE, is the loss of self tolerance by the immune system. 
The latter involves dysregulation of CD4 and CD8 cells with 
upregulation of soluble and intracellular pro-inflammatory 
cytokines (e.g., interleukins-6 and 18 and interferon-gamma), 
and downregulation of suppressive cytokines (e.g., transform-
ing growth factor-beta) [2,3]. Recently, reports from several 
groups demonstrated a low prevalence of CD4+ CD25+ FoxP3+ 
regulatory T cells in mice and humans with SLE [3]. In addi-
tion to the dysregulation of T cells, SLE is characterized by 
the production of autoantibodies by “autoreactive” B cells [2]. 
Thus, antinuclear antibodies can be detected in the sera of 
almost all SLE patients though these autoantibodies are not 
highly specific for lupus [4]. More specific autoantibodies 
such as anti-ds-DNA and anti-Sm autoantibodies were dem-
onstrated in the sera of 80–85% and 20–30% of SLE patients, 
respectively [1]. 

B lymphocyte stimulator (BLyS), also designated B cell-
activating factor (BAFF), is a 250 amino acid protein that 
belongs to the tumor necrosis factor ligand superfamily [5]. It 
is produced and secreted mainly by monocytes and activated 
T cells. The three BLyS2 receptors – BLyS receptor 3 (BR3, also 
known as BAFF-R), transmembrane activator-1 and calcium 
modulator and cyclophilin ligand interactor (TACI), and B 
cell maturation antigen (BCMA) – are expressed by B cells 
[6]. BLyS plays a major role in the stimulation, proliferation 
and maturation of B cells to plasma cells which produce 
immunoglobulins [5,6]. Mice with overexpression of BLyS 
demonstrated high immunoglobulin levels, including high 
levels of autoantibodies and SLE-like disease with immune 

SLE = systemic lupus erythematosus
BLyS = B lymphocyte stimulator
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complex glomerulonephritis [7]. Furthermore, NZB/NZW F1 
mice (murine model for spontaneous SLE) revealed high BLyS 
levels in their sera, while neutralization of BLyS in those mice 
by soluble TACI3 receptor led to amelioration of the disease and 
a reduced mortality rate [8].

Similar to the mice studies, high BLyS levels were reported 
in sera obtained from 40–50% of SLE patients [9,10]. The 
correlation between BLyS levels in the sera of lupus patients 
and disease activity has not yet been defined. It was suggested 
that high mRNA BLyS levels in monocytes of SLE patients 
correlate with disease activity better than BLyS sera levels 
do [11]. 

The present study was aimed at determining BLyS levels 
in the sera of a cohort of SLE patients as compared to healthy 
matched controls over 5 years of clinical and serological 
follow-up and to define the correlation of sera BLyS levels, 
disease activity and levels of anti-ds-DNA autoantibodies. 

Patients and methods

The participants in this study were 41 SLE patients and 50 
healthy volunteers matched for age, gender and ethnic back-
ground. All 41 lupus patients were diagnosed with SLE accord-
ing to at least four diagnostic criteria of the American College 
of Rheumatology [12]. Disease activity score was determined 
according to the Systemic Lupus Erythematosus Disease 
Activity Index [13]. The mean follow-up was 5.02 ± 1.95 years 
(range 2–10 years). All patients (and healthy volunteers) signed 
an informed consent form before entering the study. The study 
was approved by the Kaplan Medical Center ethics committee 
and was performed according to all GCP guidelines. 

Blood samPles

Sera obtained from SLE patients or healthy controls were 
frozen and stored at -70°C prior to BLyS measurement. At 
every time point that we obtained a blood sample, once every 
3–6 months, disease activity was evaluated by SLEDAI4, and 
ANA5 and ds-DNA autoantibodies were also measured. For 
every patient we obtained at least two different samples at 
two different time points during the follow-up. Overall we 
obtained 221 sera samples from our 41 SLE patients during 
the study: the mean number of samples per patient was 5.4 
± 2.18 (range 2–10).

BlYs determination

The sera levels of BLyS were determined by a capture enzyme-
linked immunosorbent assay [14]. Briefly, plates (96 wells, 
Nunc, Waltham, MA, USA) were covered overnight (at least 6 

TACI = transmembrane activator-1 and calcium modulator and  
cyclophilin ligand interactor
SLEDAI = Systemic Lupus Erythematosus Disease Activity Index
ANA = antinuclear antibody

hours) with 50 µl of mice monoclonal antibodies at a concen-
tration of 10 µg/ml directed against human BLyS. After wash-
ing (phosphate-buffered saline Tween 0.001%), blocking with 
fetal calf serum) (10%) (200 µl per well) at room temperature 
for 3 hours, plates were washed again and sera samples were 
added in triplicate at 1:10 to 1:1000 dilutions for one hour at 
room temperature. Following another wash (x 3), polyclonal 
anti-human BLyS rabbit antibodies were added (1 hour, room 
temperature) [14,15]. Known concentrations of recombinant 
BLyS were used as positive controls (standard curve). The 
lower limit for BLyS detection of our capture ELISA6 was 0.32 
ng/ml. Normal upper level (3.2 ng/ml) was defined as mean 
BLyS levels in the sera of 50 healthy volunteers plus 3 standard 
deviations (mean + 3SD). BLyS levels higher than 10 ng/ml, 
about three times the normal level, were (arbitrarily) consid-
ered “very high.”

statistical analYsis

Data are presented as means ± SD. Mann-Whitney, unpaired 
Student’s t-test and chi-square tests were used for statistical 
analysis. Correlation between variables was assessed by the 
Pearson’s coefficient correlation test. A value of P ≤ 0.05 was 
considered statistically significant.

results

The study group comprised 41 SLE patients, 33 (80.5%) females 
and 8 (19.5%) males. Their mean age at study entry was 35.56 ± 
15.35 years (range 9–79). Fifty healthy volunteers matched for 
age, gender and ethnic background served as a control group. The 
mean time of follow-up was 5.02 ± 1.95 years (range 2–10 years). 

clinical and serological characteristics

The 41 lupus patients in our study demonstrated typical SLE-
related serological and clinical disease manifestations [Table 1]. 
Arthritis was present in 78% of the patients, photosensitivity 
was observed in 29%, lupus-related skin involvement (either 
malar rash or discoid lupus erythematosus) in 20%, mucosal 
ulcers in 22%, serositis (pleuritis and/or pericarditis) in 24%, 
and kidney disease (proteinuria > 0.5 g/24 hr or nephritis) in 
48% of the patients. Hematological disease (hemolytic anemia 
and/or leukopenia and/or lymphopenia and/or thrombocy-
topenia) was observed in 42% of our SLE patients and central 
nervous system involvement (psychosis and/or epilepsy) in 
12%. In all 41 lupus patients, significant (≥ 1:320) titers of 
ANA were detected whereas anti-ds-DNA autoantibodies were 
observed in the sera of 33 (85%) (at least at one time point 
during the follow-up period) [Table 1]. SLE disease activity 
(SLEDAI) was determined at every study visit with a mean 
score of 6.95 ± 5.94 (range 0–28).

ELISA = enzyme-linked immunosorbent assay
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least once during a mean follow-up period of 5.02 years. In 
the sera of the other eight patients BLyS levels were within 
the normal range (similar to levels observed in the healthy 
controls) during the entire follow-up period. There was no 
difference in the number of sera samples (tested for BLyS 
levels) between the “positive” and “negative” SLE patients. 

The determination of BLyS levels during the follow-up 
period revealed fluctuations in sera BLyS levels with differ-
ent patterns (e.g., high-normal-high, high-high-normal, 
normal-high-high, etc.). In none of our SLE patients were 
high BLyS levels consistently demonstrated during the 
follow-up period.

correlation Between BlYs sera levels and sle-related 

clinical maniFestations

All lupus males in our study had high BLyS sera levels as com-
pared to 76% of the female patients. However, this difference 
was not statistically significant (P = 0.14). The 33 patients 
who had elevated sera BLyS levels during the course of the 
study (as compared to the 8 SLE patients who had never had 
elevated BLyS levels) had a higher rate of arthritis (P = 0.04). 
In addition, an insignificant higher rate of renal (P = 0.40) 
and hematological (P = 0.29) involvement was observed in 
patients with high BLyS levels. On the other hand, the rate of 
CNS involvement was non-significantly higher (25% vs. 9%, 
P = 0.26) in the 8 patients with normal sera BLyS levels. There 
was no significant difference regarding treatment modality 
(e.g. corticosteroids) between patients with elevated BLyS 
levels and those with normal sera BLyS levels. 

Nine of our lupus patients (27% of patients with elevated 
BLyS levels) demonstrated very high (≥ 10 ng/ml) BLyS lev-
els in their sera at least at one time point during the study. 
There were no significant differences in the demographic, 
clinical or serological manifestations between the 9 patients 
with very high sera BLyS levels and the 24 patients with 
moderately high (3.2-10 ng/ml) levels or the 8 patients with 
normal levels.

correlation Between anti-ds-dna autoantiBodies  

and BlYs levels 

We also looked for a possible correlation between BLyS and 
anti-ds-DNA autoantibody levels in the same sera samples 
of our lupus patients. The anti-ds-DNA autoantibody levels 
were determined by the Crithia luciliae assay. The ds-DNA 
reactivity was set as 0 (negative reaction) to +1, +2, +3, +4 
(semiquantitative estimation of fluorescence intensity). There 
was no correlation (R = 0.06) between BLyS and anti-ds-DNA 
autoantibody levels. Thus, some sera samples demonstrated 
high BLyS levels and low ds-DNA reactivity and vice versa. 
The correlation between BLyS and other ANAs (e.g., anti-SM) 
was not assessed due to the small number of patients in our 
cohort with such autoantibodies.

The patients in our cohort were treated with one or more 
of the following modalities at the time of the study and since 
SLE diagnosis: 
•	 corticosteroids (68% of the patients at the time of the study 

and 85% since SLE diagnosis)
•	 non-steroidal anti-inflammatory drugs) (17% and 46%, 

respectively)
•	 antimalarials (e.g., plaquenil) (66% and 88%, respectively)
•	 cytotoxic agents (e.g., cyclophosphamide or methotexate) 

(39% and 54%, respectively). 

BlYs levels in the sera oF sle Patients

The mean BLyS level in the sera of the 50 healthy volunteers 
was 0.32 ± 0.96 ng/ml. Thus, we defined 3.2 ng/ml (mean 
of normals + 3SD) as the upper normal limit for BLyS sera 
levels. The mean BLyS level in all 221 lupus sera samples (3.37 
± 3.73, range 0.3–22.6 ng/ml) was significantly higher (P < 
0.05) than levels in the normal control group (0.32 ± 0.96 ng/
ml). BLyS levels were high (above the upper limit of normal, 
3.2 ng/ml) in about a third (71/221) of the sera from the SLE 
patients, and within the normal range in the healthy control 
group. At the time of study entry (first blood sample), 20 of 
the 41 SLE patients (49%) had high (> 3.2 ng/ml) BLyS sera 
levels. During the follow-up period an additional 13 patients 
demonstrated high levels (at least in one sera sample). Thus, 
33 (80.5%) of our SLE patients revealed high BLyS levels at 

table 1. Major clinical and serological manifestations in 41 SLE patients

clinical manifestation
no. of 
patients (%)*

Arthritis 32 (78%)

Renal involvement 
(proteinuria > 0.5 g/day or cellular casts) 20 (48%)

Photosensitivity 12 (29%)

Serositis
(Pleuritis or pericarditis documented by ECG, rub, or 
evidence of effusion) 10 (24%)

Vasculitis 8 (20%)

Mucosal ulcers 9 (22%)

Malar rash 5 (15%)

Central nervous system 
(seizures or psychosis without other cause) 5 (12%)

Reynaud’s phenomenon 4 (10%)

Discoid lupus erythematosus 2 (5%)

Thrombocytopenia
(< 100,000/L in the absence of an offending drug) 13 (32%)

Hemolytic anemia 7 (17%)

Antinuclear antibodies 41 (100%)

ds-DNA autoantibodies 33 (85%)

Anticardiolipin antibodies 15 (36%)

*Clinical and serological involvement at any time since SLE diagnosis.  
A patient can have more than one major organ involvement
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In another SLE male patient whose major SLE-related manifes-
tation was renal disease, we observed a similar significant (R = 
0.70) correlation between sera BLyS levels and disease activity 
(SLEDAI) during 9.5 years of follow-up [Figure 3A & B].

discussion

The main finding of this study was the high prevalence of 
elevated serum BLyS levels in the SLE patients (80.5%). BLyS 
levels fluctuated over time in the patient sera without signifi-
cant correlation to lupus disease activity. The SLE cohort in 
our study is typical in terms of age, organ involvement, mod-
erate disease activity (SLEDAI 0–28, mean 6.95 ± 5.94) and 
serological markers (ANA, anti-ds-DNA) [Table 1]. Similarly, 

correlation Between sera BlYs levels and sledai

For the evaluation of SLE activity we used the SLEDAI score 
[13] and erythrocyte sedimentation rate. Overall, there was no 
significant correlation between sera BLyS levels and ESR7 (R = 
0.127) or SLEDAI scores (R = 0.26) (at the same visit) [Figure 
1A & B]. Nevertheless, in some patients (4 of 33), close follow-
up revealed a significant correlation between sera BLyS levels 
and disease activity (SLEDAI). Thus, a female SLE patient 
aged 20 whose major clinical problem was vasculitis demon-
strated a close correlation (R = 0.65) between sera BLyS levels 
and lupus-related disease exacerbations (presented as high 
SLEDAI scores) during 10 years of follow-up [Figure 2A & B]. 

ESR = erythrocyte sedimentation rate

Figure 1. Correlation between BLyS sera levels and erythrocyte sedimentation rate (ESR). [a] (R = 0.26) or SLE disease activity index 
(SLEDAI). [B] (R = 0.127) in 41 SLE patients (221 samples) 

Figure 2. Correlation between sera BLyS levels and SLE disease activity (in a 20 year old female lupus patient) determined by SLEDAI 
during a follow-up period of 10 years [a]. The correlation is statistically significant (R = 0.65) [B] 
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the treatment modalities – which included NSAIDs8, steroids, 
plaquenil and cytotoxic agents (especially cyclophosphamide) 
– used during both the study period and the entire course of 
the disease were not different from those in other SLE cohorts 
[14,16]. Our cohort, however, included a relatively high propor-
tion of males (19.5%) as compared to others (about 10%) [1]. 

The upper normal limit of BLyS sera levels in the present 
study (3.2 ng/ml) was relatively high (3SD above the mean 
in 50 healthy matched controls). If a lower normal limit for 
BLyS was determined (e.g., mean +2SD) the proportion of SLE 
patients with sera BLyS levels above the normal range would 
be even higher. It is important to note that in all samples from 
the healthy matched control volunteers, BLyS levels were within 
the normal range. Thus, the mean sera BLyS levels in our SLE 
cohort (3.37 ± 3.73 ng/ml) were significantly higher (P < 0.05) 
than those in the control group (0.32 ± 0.96 ng/ml). At the time 
of study entry, high BLyS sera levels were noted in only 49% 
of our SLE patients, but this rose to 80.5% by the end of the 
follow-up period (mean 5.02 years). Only 8 patients (19.5%) 
demonstrated normal BLyS sera levels during the entire follow-
up period. Since fluctuations (negative-positive levels) occurred 
in all our lupus patients with high BLyS levels during the follow 
up period, it is essential to test BLyS levels periodically in order 
to define the prevalence of lupus patients with high sera BLyS 
levels (currently without any clinical significance). 

The prevalence of SLE patients with elevated BLyS levels 
was higher in our study than in previous studies (80.5% vs. 
40–50% respectively) [9,17,18]. The relatively long follow-
up period (5 years) as compared to previous reports [14-16] 
and the repeated measurements performed in our study may 

NSAIDs = non-steroidal anti-inflammatory drugs

explain this difference. In addition, the high prevalence of 
males in our study, all with elevated BLyS levels, may also 
have contributed to the high rate of patients with high BLyS 
levels. It is also possible that SLE patients in Israel are geneti-
cally different and/or have different environmental exposure 
(e.g., to the sun) which would result in higher BLyS levels. 
More studies with a larger number of SLE patients (including 
males) with longer follow-up periods are needed in Israel and 
in other parts of the world to define the exact prevalence of 
lupus patients with elevated BLyS levels.

Similar to previous studies [15,16,18], we did not find a 
significant correlation between the high sera BLyS levels and 
disease manifestations or disease activity. Recently, Vincent et 
al. [9] reported the presence of high BLyS levels in 44% of their 
lupus cohort. Similar to our results, there was no significant 
correlation between lupus-related disease activity and BLyS lev-
els. Nevertheless, we observed several patients (4 of 33) [Figures 
2 & 3] whose high sera BLyS levels correlated significantly with 
disease activity (flares and remissions). It should be noted that 
the reduction in BLyS levels, which was correlated with clini-
cal improvement, may be due to the treatment (corticosteroids 
or cytotoxic agents) given to the patients at the time of lupus 
flares. Some studies suggested a better clinical correlation for 
BLyS mRNA levels (rather than the sera protein levels) [19], 
but this was not confirmed by other studies, mainly in pediatric 
lupus [20]. Interestingly, anti-BLyS treatments were shown to 
be effective in lupus patients with moderate disease activity 
regardless of sera BLyS levels. Thus, there is no clinical need to 
measure BLyS levels in the sera of lupus patients prior to the 
initiation of anti-BLyS treatment [21]. 

Previous studies [14] reported a significant correlation 
between BLyS levels and anti-ds-DNA autoantibodies in the 

Figure 3. Correlation between sera BLyS levels and SLE disease activity (in an 11 year old male lupus patient) determined by SLEDAI during 
a follow-up period of 9.5 years [a]. The correlation is statistically significant (R = 0.70) [B] 
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sera of lupus patients. Although the prevalence of anti-ds-
DNA autoantibodies in patient sera in our study (85%) was 
similar to other reports [4,22], we did not observe any correla-
tion between these autoantibodies and BLyS levels. Different 
methods for detection of anti-ds-DNA autoantibodies (ELISA 
vs. Crithidia luciliae) may explain the different observations. 

To conclude, we were able to demonstrate that a high pro-
portion of Israeli lupus patients have elevated BLyS levels in 
their sera. BLyS levels fluctuated during the follow-up period 
without significant correlation to disease activity. Our results 
support the rationale for the current novel therapeutic approach 
aimed at neutralizing BLyS in lupus patients (either by mono-
clonal antibodies or by specific soluble receptor) [21,23-25]. 

correspondence
dr. Z. sthoeger
Head, Dept. of Internal Medicine B and Clinical Immunology, Allergy and 
Neve-Or AIDS Center, Kaplan Medical Center, Rehovot 76100, Israel
Phone: (972-8) 944-1917/403 
Fax: (972-8) 941-0461
email: Zev_S@clalit.org.il

references
1. Rahman A, Isenberg DA. Systemic lupus erythematosus. N Engl J Med. 2008; 

358: 929-39. 
2. Mok CC, Lau CS. Pathogenesis of systemic lupus erythematosus. J Clin Pathol 

2003; 56: 481-90. 
3. Osnes LT, Nakken B, Bodolay E, Szodoray P. Assessment of intracellular cyto- 

kines and regulatory cells in patients with autoimmune diseases and primary 
immunodeficiencies – novel tool for diagnostics and patient follow-up. Autoimmun 
Rev 2013; 12 (10): 967-71. 

4. Lauwerys BR, Houssiau FA. Cytokines: clues to the pathogenesis of SLE. 
Lupus 1998; 7: 211-13.

5. Moore PA, Belvedere O, Orr A, et al. BLyS: member of the tumor necrosis factor 
family and B lymphocyte stimulator. Science 1999; 285: 260-3. 

6. Marsters SA, Yan M, Pitti RM, Haas PE, Dixit VM, Ashkenazi A. Interaction 
of the TNF homologues BLyS and APRIL with the TNF receptor homologues 
BCMA and TACI. Curr Biol 2000; 10: 785-8.

7. Khare SD, Sarosi I, Xia X-Z, et al. Severe B cell hyperplasia and autoimmune 
disease in TALL-1 transgenic mice. Proc Natl Acad Sci USA 2000; 97: 3370–5.

8. Stohl W, Xu D, Kim KS, et al. BAFF overexpression and accelerated glomerular 
disease in mice with an incomplete genetic predisposition to systemic lupus 
erythematosus. Arthritis Rheum 2005; 52: 2080-91.

9. Vincent FB, Northcott M, Hoi A, Mackay F, Morand EF. Association of serum 
B cell activating factor from the tumour necrosis factor family (BAFF) and a 
proliferation-inducing ligand (APRIL) with central nervous system and renal 
disease in systemic lupus erythematosus. Lupus 2013; 22 (9): 873-84. 

10. Cheema GS, Roschke V, Hilbert DM, Stohl W. Elevated serum B lymphocyte 
stimulator levels in patients with systemic immune-based rheumatic diseases. 
Arthritis Rheum 2001; 44: 1313-19.

11. Collins CE, Gavin AL, Migone TS, Hilbert DM, Nemazee D, Stohl W. B lymphocyte 
stimulator (BLyS) isoforms in systemic lupus erythematosus: disease activity 
correlates better with blood leukocyte BLyS mRNA levels than with plasma BLyS 
protein levels. Arthritis Res Ther 2006; 8: R6.

12. Tan EM, Cohen AS, Fries JF, et al. The 1982 revised criteria for the classification 
of systemic lupus erythematosus. Arthritis Rheum 1982; 25: 1271-7.

13. Bombardier C, Gladman DD, Urowitz MB, Caron D, Chang DH, and the 
Committee on Prognosis Studies in SLE. Derivation of the SLEDAI: a disease 
activity index for lupus patients. Arthritis Rheum 1992; 35: 630-40.

14. Petri M, Stohl W, Chatham W, et al. Association of plasma B lymphocyte stimulator 
levels and disease activity in systemic lupus erythematosus. Arthritis Rheum 2008; 
58: 2453-9.

15. Stohl W. B lymphocyte stimulator protein levels in systemic lupus erythematosus 
and other diseases. Curr Rheumatol Rep 2002; 4: 345-50.

16. Stohl W, Metyas S, Tan SM, et al. B lymphocyte stimulator overexpression 
in patients with systemic lupus erythematosus: longitudinal observations. 
Arthritis Rheum 2003; 48: 3475-86.

17. Cancro MP, D’Cruz DP, Khamashta MA. The role of B lymphocyte stimulator 
(BLyS) in systemic lupus erythematosus. J Clin Invest 2009; 119: 1066-73.

18. Stohl W. Systemic lupus erythematosus and its ABCs (APRIL/BLyS complexes). 
Arthritis Res Ther 2010; 12: 111.

19. Ju S, Zhang D, Wang Y, Ni H, Kong X, Zhong R. Correlation of the expression 
levels of BLyS and its receptors mRNA in patients with systemic lupus 
erythematosus. Clin Biochem 2006; 39: 1131-7. 

20. Hong SD, Reiff A, Yang HT, et al. B lymphocyte stimulator expression in pediatric 
systemic lupus erythematosus and juvenile idiopathic arthritis patients. Arthritis 
Rheum 2009; 60: 3400-9.

21. Bezalel S, Asher I, Elbirt D, Sthoeger ZM. Novel biological treatments for 
systemic lupus erythematosus: current and future modalities. IMAJ 2012; 14 (8): 
508-14.

22. Sthoeger ZM, Chiorazzi N, Lahita RG. Regulation of immune response by 
sex hormones. I. In vivo effects of estradiol and testosterone on pokeweed 
mitogen-induced human B cell differentiation. J Immunol 1988; 141: 91-8.

23. Toubi E, Kessel A, Rosner I, Rozenbaum M, Paran D, Shoenfeld Y. The reduction 
of serum B-lymphocyte activating factor levels following quinacrine add-on 
therapy in systemic lupus erythematosus. Scand J Immunol 2006; 63: 299-303.

24. Hahn BH. Belimumab for systemic lupus erythematosus. N Engl J Med 2013; 
368: 1528-35. 

25. Toubi E, Shoenfeld Y. BLyS/BAFF: a potential target in the treatment of active 
systemic lupus erythematosus. IMAJ 2004; 6: 99-102.

Although you might not think it, it’s hard to catch HIV. Less 
than 1% of unprotected sexual exposures result in infection. 
What then leads to transmission? Carlson et al. determined 
the amino acid sequence of viruses infecting 137 Zambian 
heterosexual couples in which one partner infected the 
other. The authors then used statistical modeling and found 

that transmitted viruses are typically the most evolutionarily 
fit. That is, compared to other viral variants in the infected 
person, the transmitted virus most closely matches the most 
common viral sequence found in the Zambian population. 
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hiv needs to be fit to transmit

“the best way to be more free is to grant more freedom to others”
Carlo Dossi (1849-1910), Italian writer, politician and diplomat 




