
Vol.:(0123456789)1 3

Clinical and Experimental Medicine (2019) 19:183–190 
https://doi.org/10.1007/s10238-019-00549-8

ORIGINAL ARTICLE

High BAFF expression associated with active disease in systemic lupus 
erythematosus and relationship with rs9514828C>T polymorphism 
in TNFSF13B gene

M. Marín‑Rosales1,2,3 · A. Cruz1 · D. C. Salazar‑Camarena1 · E. Santillán‑López1,2 · N. Espinoza‑García1 · 
J. F. Muñoz‑Valle1 · M. G. Ramírez‑Dueñas4 · E. Oregón‑Romero1 · G. Orozco‑Barocio3 · C. A. Palafox‑Sánchez1 

Received: 3 November 2018 / Accepted: 6 February 2019 / Published online: 11 February 2019 
© Springer Nature Switzerland AG 2019

Abstract
B cell-activating factor (BAFF) promotes the survival, proliferation and maturation of B lymphocytes, which are key ele-
ments in the pathogenesis of systemic lupus erythematosus (SLE). This cytokine is encoded on TNFSF13B gene, and diverse 
single-nucleotide polymorphisms have been associated with susceptibility in different autoimmune disorders. In this study, 
the relationship of TNFSF13B gene rs9514827T>C, rs1041567T>A and rs9514828C>T polymorphisms, mRNA expres-
sion and soluble BAFF levels was investigated in 175 SLE patients and 208 healthy controls (HC). The TNFSF13B poly-
morphisms were evaluated by PCR–RFLP technique. The TNFSF13B gene expression was quantified through the RT-PCR 
assays. The soluble BAFF (sBAFF) levels were measured with ELISA test. There were no differences in genotype and allele 
frequencies for the three TNFSF13B polymorphisms, between SLE patients and HC. SLE patients showed 3.15-fold more 
TNFSF13B gene expression than HC. The patients who displayed most mRNA expression were those with active disease 
and the carriers of rs9514828 T variant allele. The sBAFF serum levels were higher in SLE patients compared to HC (2.083 
vs. 0.742 ng/mL, p < 0.001). The SLE patients with active disease showed the higher sBAFF serum levels (2.403 ng/mL), 
mainly patients with lupus nephritis and hematological manifestations. In addition, a correlation of sBAFF with disease 
activity was found (r = 0.32, p < 0.001). In conclusion, the TNFSF13B gene polymorphisms were not found to be associated 
with SLE susceptibility in Mexican mestizos. Nevertheless, rs9514828C>T polymorphism seems to increase TNFSF13B 
gene expression. High BAFF expression is related to active disease, renal and hematological involvement; therefore, it could 
be considered as follow-up biomarker in SLE patients.
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Introduction

Systemic lupus erythematosus (SLE) is a prototype of auto-
immune disease, characterized by loss of immune tolerance, 
overproduction of autoantibodies, immune complex depo-
sition and a wide pool of clinical manifestations. SLE has 
highly heterogeneous physiopathology; however, B lympho-
cyte hyperactivity is a key element in the pathogenesis of 
SLE. B cell-activating factor (BAFF, also known as BLyS, 
TALL-1, THANK) belongs to the TNF superfamily [1]. 
This cytokine is implicated in survival, proliferation and 
maturation of B lymphocytes [2, 3] and T cell-independ-
ent antibodies class switching [4]. BAFF is encoded on 
TNFSF13B gene localized on chromosome 13q.32-34. The 
TNFSF13B gene is composed of 40,245 base pairs with six 
exons and seven introns [2, 5]. BAFF is a transmembranal 
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protein expressed on myeloid lineage and some epithelial 
cells, through different stimuli such as IFN-γ, IFN-α, inter-
leukin (IL)-10, Toll-like receptors (TLR)-3, TLR-4 and 
TLR-7 [5–7]. The soluble BAFF (sBAFF) form is obtained 
as consequence of proteolytic cleavage of transmembranal 
protein by a furin protease. It has been shown that under 
physiologic conditions sBAFF protein forms trimers, as well 
as oligomeric complexes [8, 9]. BAFF and their homologue 
a proliferation-inducing ligand (APRIL) which is another 
TNF superfamily member [10] can bind to the receptors 
transmembrane activator and calcium modulator and cyclo-
philin ligand interactor (TACI) and B cell maturation anti-
gen (BCMA), with variable affinity based on stoichiometry 
[11, 12], while BAFF receptor (BR3) is specific to BAFF 
[13]. An excessive BAFF and APRIL production has been 
associated with development of autoimmune and clinical 
characteristics of SLE in murine models, as well as with 
others autoimmune diseases [13–16]. Multiple single-nucle-
otide polymorphisms (SNPs) in the TNFSF13B gene have 
been described and associated with different conditions, 
such as hepatic inflammation in hepatitis B virus infection 
[17], risk to develop mixed cryoglobulinemia in hepatitis 
C virus infection [18] and risk of cardiovascular disease in 
SLE [19]. Furthermore, TNFSF13B gene polymorphisms 
have been associated with susceptibility to develop differ-
ent autoimmune diseases, such as immune thrombocyto-
penic purpura [20], rheumatoid arthritis and Sjögren’s syn-
drome [21–24]. The rs9514827T>C, rs1041567T>A and 
rs9514828C>T polymorphisms are localized in the promoter 
of TNFSF13B gene, and very little data have examined their 
association with mRNA expression in SLE. Therefore, the 
main objective of this study was to analyze the association 
between the TNFSF13B gene polymorphisms that includes 
the rs9514827T>C, rs1041567T>A and rs9514828C>T, 
and disease susceptibility, as well as the relationship with 
TNFSF13B gene expression, sBAFF serum levels and clini-
cal parameters in SLE patients from western Mexico.

Materials and methods

Subjects

A total of 383 Mexican mestizos’ subjects were included 
in this study. The human ethics committee of West Gen-
eral Hospital approved the protocol under the next number 
449/16. All the subjects signed an informed consent accord-
ing to the Declaration of Helsinki [25] and Health Ministry 
of Mexico. One hundred seventy-five SLE patients were 
included in the study. All patients fulfilled the American 
College of Rheumatology 1997 classification criteria for 
SLE [26, 27]. The Mexican version of the Systemic Lupus 
Disease Activity Index (MexSLEDAI) [28] and Systemic 

Lupus International Collaborating Clinics (SLICC) damage 
index [29] was applied to all SLE patients at the enrollment 
of the study. Patients were classified according to the pres-
ence of disease activity in: inactive (MexSLEDAI < 2) and 
active (MexSLEDAI ≥ 2). A total of 208 Mexican mestizos 
were considered healthy controls (HC), recruited from the 
Department of Blood Transfusion Center from West General 
Hospital. The HC have no family history of autoimmune 
diseases.

DNA extraction and genotyping

Genomic DNA was purified through peripheral blood leu-
kocytes using the Miller’s technique [30]. To identify the 
rs9514827T>C, rs1041567T>A and rs9514828C>T geno-
types, the polymerase chain reaction (PCR)–restriction frag-
ment length polymorphisms (RFLP) technique was used. 
In rs9514827T>C and rs1041567T>A polymorphisms, 
the nucleotide sequence of the primers was: forward 5′ 
ATT CCC TGT CAG AAT TTT CTCT3′ and reverse 5′CCT 
ATA ACT CCC ACA ATA AGG TGA C3′ [21], whereas in 
rs9514828C>T, the nucleotide sequence of primers was : 
forward 5′TTG TAC ACC GAC CTG TTA GG 3′ and reverse 
5′TGG AAG TAA GTC CAC TGG GAAT3′ [21]. The PCR 
conditions were: initial denaturation cycle at 94 °C for 3 min; 
35 cycles of denaturation for 30 s at 94 °C; annealing for 
20 s at 57 °C; extension for 30 s at 72 °C; and final extension 
for 1 min at 72 °C. The 468-bp PCR product rs9514827T>C 
was digested with three units of Aci-I enzyme (New England 
 BioLabs®, Ipswich, Massachusetts, USA) at 37 °C for 2 h. 
The digestion fragments were TT: 468 bp, TC: 468, 308 and 
160 bp, and CC: 308 and 160 bp. The 468-bp PCR prod-
uct rs1041567T>A was digested with three units of DpnII 
enzyme (New England  BioLabs®, Ipswich, MA, USA) at 
37 °C for 1 h. The digestion fragments were TT: 263 and 
205 bp, TA: 263, 205, 169 and 94 bp, and AA: 205, 169 
and 94 bp. Finally, the 398-bp PCR product rs9514828C>T 
was digested with three units of Aci-I enzyme (New England 
 BioLabs®, Ipswich, MA, USA) at 37 °C 6 h. The diges-
tion fragments were CC: 261 and 137 bp, CT: 398, 261 and 
137 bp, and TT: 398 bp.

RNA extraction and reverse transcription

Total RNA was extracted from peripheral blood leukocytes 
using Trizol reagent (Invitrogen Life Technologies, Carls-
bad, CA, USA) as per manufacturer’s protocol. The RNA 
concentration and OD260/280 were determined by spectro-
photometry (NanoDrop lite, Thermo Scientific, USA), and 
the ratio was used to provide an estimate of the purity of 
the nucleic acid, in all samples ranged between 1.7 and 2.0. 
The RNA integrity was corroborated on 1X TBE agarose 
gel. The samples with low-quality or degraded RNA were 
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excluded from the study. Complementary DNA (cDNA) 
was synthesized from 1 μg of total RNA using oligo-dT and 
GoScript™ Reverse Transcription System (Promega Corp., 
Madison, WI, USA) following the manufacturer’s protocol. 
The cDNA samples were stored at − 80 °C until the real-
time PCR assays. The TNFSF13B mRNA expression was 
determined in forty SLE patients and fifteen HC carrying 
different genotypes for the rs9514827T>C, rs1041567T>A 
and rs9514828C>T TNFSF13B polymorphisms.

Quantitative PCR (qPCR)

The RT-qPCR followed the guidelines of the Minimum 
Information for Publication of Quantitative Real-Time PCR 
Experiments (MIQE) [31]. Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was used as a reference gene 
in order to determine relative quantification. The primers 
and hydrolysis probes were designed on the Roche Uni-
versal Probe Library software (TNFSF13B: probe cat. no. 
4688988001, GAPDH: probe cat. no. 05190541001), and 
the primers were validated by gel electrophoresis. The 
TNFSF13B gene expression quantification (NM_006573.4) 
was performed by quantitative real-time PCR (qPCR) using 
the Nano Light Cycler 2.0 (Roche Applied Science, Penz-
berg, Germany). All samples were run as triplicates. After 
validation of PCR efficiencies for both genes, the obtained 
data were analyzed.

Serum BAFF levels

The sBAFF levels were quantified from sera of 101 HC 
and 167 SLE patients, with quantitative ELISA test (R&D 
 systems®, Minneapolis, MN, USA) performed according to 
manufacturer’s recommendations. The samples were read at 
450 nm by Multiskan™ Go Microplate Spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA).

Statistical analysis

The data were analyzed using IBM SPSS statistics version 
22 and GraphPad Prism version 6.0. The variables were 
expressed as median ± interquartile range (IQR) and fre-
quencies according to the case. The frequencies of alleles 
and genotypes were compared using the Chi-square test 
and Fisher’s exact test, when appropriate. The haplotype 
inference was performed by EM algorithm using SHEsis 
software platform [32, 33]. A comparative threshold cycle 
(Ct) method with a cutoff of 40 cycles was used to deter-
mine TNFSF13B mRNA copy number relative to GAPDH 
based on  2−ΔΔCt method [34]. sBAFF serum levels were 
compared using Mann–Whitney U and Kruskall–Wal-
lis tests according to the case. To analyze the relation of 

quantitative variables, Spearman’s correlation coefficient 
was used. p values < 0.05 were considered statistically 
significant.

Results

Demographic and clinical features

Two hundred eight HC, all women with a median age of 
32 [interquartile range (IQR) 16–40] years old, and 175 
SLE patients with a median age of 34 (IQR 24–44) years 
old (p = 0.449) were included. The SLE patients had 5 
(IQR 2–11) years of disease evolution and 96% of them 
were women. The median of MexSLEDAI score was 2 
(IQR 1–4, minimum 0, maximum 18), and SLICC damage 
score was 0 (IQR 0–1, minimum 0, maximum 7). The main 
clinical features of SLE patients were as follows: lym-
phopenia (54%), fatigue (27%), renal involvement (26%), 
which included active lupus nephritis (16%) and chronic 
kidney disease (10%), leukopenia (24%), arthritis (19%) 
and malar rash (17%). The less frequent affection was in 
the central nervous system (6%). The antinuclear antibody 
(ANA) was positive in 94% and anti-dsDNA antibody in 
57% of SLE patients. The treatment of SLE patients at the 
time of the enrollment was prednisone in 72%, at median 
dose of 10 (IQR 5–20) mg/day, azathioprine in 58% and 
antimalarial in 54%.

Allele, genotype and haplotype frequencies 
of TNFSF13B gene polymorphisms

The control group was found in Hardy–Weinberg equilib-
rium for the three TNFSF13B gene polymorphisms. The 
allele and genotype frequencies for the rs9514827T>C poly-
morphism in the SLE patients were similar to HC (TT 64%, 
TC 34.3% and CC 1.7% vs. TT 63.9%, TC 33.7% and CC 
2.4%, respectively), and no statistical difference was found 
(p > 0.05). Similarly, in rs1041567T>A polymorphism 
there were no differences in allele and genotype frequen-
cies between groups (TT 1.7% TA 21.7% and AA 76.6% 
vs. TT 0.5%, TA 18.3% and AA 81.2%, respectively). In 
rs9514828C>T polymorphism, the allele and genotype fre-
quencies were similar in SLE patients and HC (CC 51.4% 
CT 44% TT 4.6% vs. CC 55.2%, CT 39.1% and TT 5.7%, 
respectively). As result of haplotype analysis, moderate 
linkage disequilibrium was found (D′ = 0.737, p < 0.001, 
Fig. 1a). The distribution of all haplotype frequencies was 
similar in both HC and SLE patients (p > 0.05). Table 1 
shows the allele, genotype and haplotype frequencies in both 
studied groups.
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TNFSF13B gene expression and sBAFF serum levels

The TNFSF13B gene expression was 3.15-fold more in 
the SLE patients than HC (Fig. 1b). Likewise, the SLE 
patients had higher levels of sBAFF than HC (p < 0.001, 
Fig. 1c). When analyzed the sBAFF serum levels accord-
ing to TNFSF13B gene SNPs, no differences were found 
(Fig. 1d). However, in SLE group the TNFSF13B gene 
expression was higher in carriers of rs9514828 T polymor-
phic allele compared to C/C homozygous genotype carriers 
(p < 0.05, Fig. 1e). Although those carriers of rs9514828 T 
variant allele showed higher TNFSF13B gene expression, 
differences in sBAFF serum levels were not found (p > 0.05, 
Fig. 1f). Furthermore, the higher TNFSF13B gene expres-
sion was observed in active patients that shown 2.94-fold 
more expression than inactive patients (Fig. 2a); similar to 
that observed with sBAFF serum levels.

sBAFF serum levels and SLE disease activity

The sBAFF serum levels were evaluated in SLE patients 
according to disease activity. The SLE patients with active 

and inactive disease had higher sBAFF serum levels in 
comparison with HC [2.403 (IQR 1.506–4.426, minimum 
0.209, maximum 20.6) ng/mL and 1.707 (IQR 1.267–2.496, 
minimum 0.456 maximum 7.309) ng/mL vs. 0.742 (IQR 
0.663–0.867, minimum 0.04, maximum 1.532) ng/mL, 
respectively, p < 0.001, Fig.  2b]. Likewise, the sBAFF 
serum levels were correlated with disease activity (r = 0.320, 
p < 0.001, Fig. 2c). Finally, the sBAFF serum levels were 
higher in SLE patients with lupus nephritis and hematologi-
cal manifestations (p < 0.05) compared to those who did not 
have these clinical manifestations (Fig. 3).

Discussion

Systemic lupus erythematosus is an autoimmune disease, 
characterized by autoantibodies production and the tissue 
immune complex deposition [35]. The physiopathology 
involves several factors; however, B lymphocyte hyperac-
tivity plays a key role. Therefore, factors that promote B 
lymphocyte survival, proliferation and maturation could 
have relevance in onset or progression of the disease. 

Fig. 1  TNFSF13B gene expression and soluble BAFF levels. a Hap-
lotype analysis of TNFSF13B gene polymorphisms (D′ = 0.737, 
p < 0.001). b TNFSF13B gene expression in HC and SLE patients. 
c sBAFF levels in HC and SLE patients. d sBAFF levels according 
to rs9514828C>T genotypes. e TNFSF13B gene expression in SLE 
patients according to dominant model of rs9514828C>T polymor-
phism, *p value was obtained by Mann–Whitney U test using quan-

titative gene expression data from  2−ΔCt method. f sBAFF levels in 
SLE patients according to dominant model of rs9514828C>T poly-
morphism. Qualitative gene expression data are shown through  2−

ΔΔCt method. Mann–Whitney’s U test data are shown in median and 
IQR. HC, healthy controls; IQR, interquartile range; sBAFF, soluble 
BAFF; SLE, systemic lupus erythematosus
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Table 1  Frequencies of 
genotypes, alleles and 
haplotypes of the TNFSF13B 
gene polymorphisms

Statistical difference p < 0.05
CI, confidence interval; HC, healthy controls; SLE, systemic lupus erythematosus; OR, odds ratio, χ2, Chi-
square test
a Haplotype analysis included the rs9514827T>C, rs1041567T>A and rs9514828C>T polymorphisms of 
TNFSF13B gene and all those with a frequency < 0.03 were ignored in the analysis

SLE n = 175 (%) HC n = 208 (%) p value (χ2) OR (CI 95%) p value

rs9514827T>C-2841 T>C
 TT 112 (64.0) 133 (63.9) 0.892 (0.227) 1 –
 TC 60 (34.3) 70 (33.7) 0.982 (0.641–1.505) 1.000
 CC 3 (1.7) 5 (2.4) 1.404 (0.328–6.005) 0.731
 T 284 (81.1) 336 (80.8) 0.896 (0.017) 1.025 (0.713–1.472) –
 C 66 (18.9) 80 (19.2)

rs1041567T>A-2701 T>A
 TT 3 (1.7) 1 (0.5) 0.330 (2.216) 0.264 (0.272–2.571) 0.327
 TA 38 (21.7) 38 (18.3) 0.793 (0.479–1.312) 0.366
 AA 134 (76.6) 169 (81.2) 1 –
 T 44 (12.6) 40 (9.6) 0.192 (1.701) 0.739 (0.469–1.165) –
 A 306 (87.4) 376 (90.4)

rs9514828C>T-871 C>T
 CC 90 (51.4) 106 (55.2) 0.761 (0.544) 1 –
 CT 77 (44.0) 75 (39.1) 0.827 (0.541–1.264) 0.380
 TT 8 (4.6) 11 (5.7) 1.167 (0.450–3.029) 0.813
 C 257 (73.4) 310 (74.5) 0.945 (0.117) 0.945 (0.684–1.306) –
 T 93 (26.6) 106 (25.5)

Haplotypea

 TAC 230.48 (65.9) 285.77 (68.7) 0.438 (0.601) 0.887 (0.654–1.202) –
 TAT 11.98 (3.4) 11.78 (2.8) 0.633 (0.229) 1.220 (0.539–2.763) –
 TTC 13.46 (3.8) 9.29 (2.2) 0.187 (1.739) 1.758 (0.752–4.107) –
 TTT 28.09 (8.0) 29.17 (7.0) 0.586 (0.296) 1.161 (0.677–1.991) –
 CAC 10.61 (3.0) 14.94 (3.6) 0.673 (0.178) 0.842 (0.378–1.874) –
 CAT 52.93 (15.1) 63.51 (15.3) 0.972 (0.001) 0.993 (0.668–1.476) –

Fig. 2  BAFF expression and clinical disease activity in SLE patients. 
a TNFSF13B gene expression in inactive and active SLE patients. 
b sBAFF levels in inactive and active SLE patients. c Correla-
tion between sBAFF levels and MexSLEDAI score in SLE patients. 
Qualitative gene expression analysis; data are shown through  2−ΔΔCt 

method. Kruskall–Wallis test, Dunn’s post hoc test; data are shown in 
median and IQR. Spearman’s correlation test. HC, healthy controls; 
IQR, interquartile range; sBAFF, soluble BAFF; SLE, systemic lupus 
erythematosus
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Experimental studies have shown that BAFF is a critical B 
cell survival factor; BAFF absence or neutralization leads to 
reduced matured B cells, whereas excessive BAFF expres-
sion is associated with increased survival and expansion of 
autoreactive B cells [14, 36, 37].

Several studies have focused on TNFSF13B genetic 
variants as susceptibility markers in different autoimmune 
diseases. However, very little data have examined the 
TNFSF13B genetic variants in SLE, and there are no stud-
ies in Mexican population. In this study, three TNFSF13B 
gene polymorphisms (rs9514827T>C, rs1041567T>A 
and rs9514828C>T) were determined in SLE patients. In 
addition, the relationship between gene expression, sBAFF 
serum levels and clinical parameters was analyzed. There 
were no differences in the distribution of genotype and 
allele frequencies between SLE patients and HC, in the three 
evaluated TNFSF13B gene polymorphisms. Therefore, these 
genetic variants do not increase the risk of SLE develop-
ment in western Mexican population. These TNFSF13B 
gene variants have been analyzed in Norwegian, Japanese 
and Greek SLE patients with different results [19, 22, 23, 
38]. A recent study reported that TNFSF13B gene vari-
ants rs12583006T>A, rs9514828C>T and rs1041567T>A 
increase the susceptibility for SLE in Greek population 
[19]. However, similar to that found in this study, other 
reports have found no associations of TNFSF13B gene 

polymorphisms with the risk of SLE in Norwegian and 
Japan populations [23, 38].

In addition, the frequencies for the variant genotypes of 
rs9514827T>C and rs9514828C>T polymorphisms in west-
ern Mexico population were minor to those reported in Euro-
pean populations (rs9514827 CC genotype 2.4% vs. 11% and 
rs9514828 TT genotype 5.7% vs. 23%, respectively). It has 
been shown that western Mexican population is conformed 
mainly by European and Native American ancestry in 64.9 
and 30.8% [39], which could explain these differences.

Furthermore, TNFSF13B TAC and CAT haplotypes were 
the most frequent in Mexican population, and no differences 
were observed between SLE patients and HC. Nossent et al. 
[24] reported that the CTA T and TTT T haplotypes of the 
TNFSF13B gene were associated with the increase in disease 
susceptibility and higher serum sBAFF levels, respectively, 
in Australian Sjögren’s syndrome patients. Interestingly, 
both haplotypes associated with these findings contained 
the rs9514828 T variant allele, which has been associated 
with increased TNFSF13B mRNA expression [23], higher 
sBAFF levels and autoantibodies in SLE and Sjögren’s syn-
drome [22, 24, 40]. In our study, SLE patients displayed 
3.15-fold more TNFSF13B gene expression than HC. In 
addition, TNFSF13B gene expression was more significant 
in those SLE patients with active disease, as well as in car-
riers of rs9514828 T variant allele. In a previous study, the 
presence of rs9514828 T allele was associated with high 
TNFSF13B expression (2.6-fold) in a human promyelocytic 
cell line [41]. It has been suggested that the presence of 
rs9514828 T allele in a promoter consensus sequences could 
alter the binding of the transcription factor myeloid zinc 
finger protein (MZF1) and thus influence the TNFSF13B 
gene expression [42].

On the other hand, SLE patients with active disease dis-
played higher BAFF expression (2.94-fold more) compared 
with inactive SLE patients. Previously, it has been shown by 
Kawasaki et al, who found 11-fold more TNFSF13B gene 
expression in SLE patients in comparison with controls [23]; 
however, association with sBAFF levels was not observed. 
The relevant study by Zollar et al. reported that the BAFF 
transcript was associated with clinical and serological SLE 
activity. Also the high TNFSF13B expression would be pre-
dictive of disease activity over the ensuing year [43]. In this 
study, a relationship between high TNFSF13B gene expres-
sion and disease activity was found; however, it has no pro-
spective data, which could be important to emphasize the 
use of mRNA expression, as disease biomarker.

The alterations in the BAFF/APRIL system have been 
described with development of autoimmune diseases. In 
murine models and humans, BAFF overproduction has 
been associated with development of autoimmunity with 
similar features of SLE [2]. Interestingly, in this study SLE 
patients had higher sBAFF levels (2.083 ng/mL) than HC 

Fig. 3  Soluble BAFF levels according to SLE phenotypes. The 
sBAFF levels according to the main clinical manifestation in SLE 
patients are shown. Renal disorder included only active lupus nephri-
tis (LN). Articular involvement (ART), included ≥ 2 joints with 
synovitis. Hematological disorder (HEM) included lymphopenia 
(< 1.4 × 103/uL), leukopenia (< 4.0 × 103/uL), hemolytic anemia and 
thrombocytopenia (< 100 × 103/uL). Mucocutaneous disorder (MUC) 
included malar rash, discoid lupus, mouth ulcers and alopecia. Mann–
Whitney U test. Data are shown in median and IQR. ART, articular 
involvement; HEM, hematological disorder; IQR, interquartile range; 
LN, lupus nephritis; MUC, mucocutaneous; sBAFF, soluble BAFF
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(0.742 ng/mL). Even those SLE patients with inactive 
disease (1.707 ng/mL) displayed higher sBAFF levels 
than HC. In addition, sBAFF levels were correlated with 
disease activity (r = 0.32, p < 0.001). The sBAFF levels 
reported in healthy population is close to 0.9 ng/mL; it 
has been suggested that sBAFF levels could be useful for 
monitor disease activity in SLE patients [19, 38, 44–47]. 
Additionally, sBAFF levels have been associated with anti-
DNA antibodies titers and SELENA-SLEDAI score; serum 
BAFF concentration ≥ 2 ng/mL has been proposed as a 
predictor of SLE flare [48, 49]. However, it must be con-
sidered that the sBAFF levels could be affected by treat-
ment of SLE, mainly the use of the glucocorticoids [50], 
so the treatment must be taken into account when perform-
ing an evaluation of this cytokine. Furthermore, BAFF 
family has been associated with autoimmune disease. In 
a previous study by our group, SLE patients showed high 
BAFF and APRIL levels associated with disease activ-
ity and decreased BCMA expression on B cells. These 
findings suggest that the alterations in BAFF receptors 
expression lead to homeostasis deregulation and failures 
in control to excess of this cytokines in active SLE patients 
[51]. Moreover, the soluble BAFF and APRIL levels have 
been associated with clinical phenotypes of SLE, includ-
ing arthritis, mouth ulcers, central nervous system involve-
ment, hematological disorders, lupus nephritis, microal-
buminuria and atherosclerosis related to lupus [19, 44, 45, 
52, 53]. In this study, soluble BAFF levels were associated 
with active lupus nephritis and hematological disorder, as 
previously reported [51].

In conclusion, the rs9514827T>C, rs1041567T>A and 
rs9514828C>T polymorphisms in TNFSF13B gene are not 
associated with the high risk of SLE development in west-
ern Mexican population. Nevertheless, the rs9514828C>T 
polymorphism alters the TNFSF13B gene expression. The 
BAFF expression is associated with active disease, lupus 
nephritis and hematological affections. Therefore, BAFF 
expression can be considered as biomarker of disease 
activity in SLE. However, prospective studies in subgroups 
with specific phenotypes of disease are necessary to con-
firm these findings.
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