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Abstract

Background: The increased expression of B cell-activating factor (BAFF) has
been linked to autoantibody production in autoimmune diseases (ADs). The aim
of this study was to investigate the association among TNFSF13B gene (OMIM:
603969) single nucleotide polymorphisms (SNPs), TNFSF13B mRNA, and solu-
ble BAFF (sBAFF) expression in patients with rheumatoid arthritis (RA) and
primary Sjogren’s syndrome (pSS). The diagnostic value of SBAFF also was evalu-
ated by the area under the curve (AUC) of receiver operating characteristic or
receptor (ROC) curves.

Methods: Genotypes of the TNFSF13B rs9514827 (—2841T>C), rs1041569
(=2701 A>T) and rs9514828 (—871 C >T) SNPs were determined by PCR-RFLP
assay. TNFSF13B mRNA and sBAFF expression were performed by RT-qPCR
and ELISA, respectively. The study included 320 RA patients, 101 pSS patients,
and 309 healthy subjects (HS).

Results: The rs9514828 T allele and the TAT haplotype were associated with an
increased risk to develop RA. In both ADs, the TNFSF13B mRNA levels were
increased in comparison with HS. The rs9514828 (—871 C>T) polymorphism
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1 | INTRODUCTION

B cell-activating factor (BAFF), a member of TNF fam-
ily ligands, has been shown to modulate B cell biology as
it is involved in processes such as survival, proliferation
(Schneideretal., 1999), maturation (Schneideretal., 2001),
and immunoglobulin secretion (Moore et al., 1999). BAFF
can be recognized by three receptors: BAFF-R also known
as BR3, B cell maturation antigen (BCMA), and trans-
membrane activator and calcium modulating cyclophilin
ligand interactor (TACI) (Mackay & Schneider, 2009). The
BAFF receptors are differentially expressed regarding the
B cell maturation stages (Zhou et al., 2020). The increased
expression of BAFF has been linked to autoimmune dis-
eases (ADs); in systemic lupus erythematosus (SLE) pa-
tients' high levels of BAFF have been associated with high
disease activity and increased autoantibody production
(Carter et al., 2013; Petri et al., 2008; Salazar-Camarena
et al., 2015) Therefore, therapeutic BAFF inhibition is one
approved treatment indicated for active, autoantibody-
positive SLE patients who are receiving standard therapy
(Stohl, 2012), and recently approved for active lupus ne-
phritis treatment (Furie et al., 2020). Furthermore, some
studies have found elevated serum levels of BAFF in re-
sponse to therapy with IFN-f (Smets et al., 2021) and rit-
uximab (Cornec et al., 2016), which has been associated
with an increase in B transitional subsets and clinical re-
sponse, respectively.

Despite the importance of BAFF in the B cell pop-
ulation, the association of BAFF with other rheumatic
autoantibody-positive diseases has been poorly explored.
Increased BAFF levels were observed in serum (Bosello
et al., 2008; Cheema et al., 2001; Geng & Zhang, 2012;
Moura et al., 2010; Pers et al., 2005; Tan et al., 2003) and
synovial fluid (Moura et al., 2010; Tan et al., 2003) of
rheumatoid arthritis (RA) patients and were associated
with autoantibody production and the severity of the dis-
ease. RA is a heterogeneous disease, it can be presented
with high clinical variability, and various pathogenic

was associated with increased gene expression in RA patients. Also, SBAFF levels
were higher in both ADs, however pSS patients showed the highest SBAFF lev-
els. SBAFF showed higher diagnostic performance for pSS with an AUC of 0.968,
with a similar accuracy of anti-SSA/Ro antibody diagnosis (AUC = 0.974).
Conclusions: Our findings demonstrate that the TNFSF13B rs9514828 (—871
C>T) polymorphism is a risk factor for RA in the western Mexican population.
SsBAFF levels may be a potential diagnosis biomarker in pSS.

primary Sjogren's syndrome, rheumatoid arthritis, SBAFF levels, TNFSF13B polymorphisms

mechanisms are implicated. The disease can be subdi-
vided into seropositive and seronegative RA, based on the
presence of rheumatoid factor (RF) and anti-citrullinated
protein antibodies (ACPA) (Derksen et al., 2017), and
therefore, the underlying autoreactive B and T lympho-
cytes responses play a crucial role in the pathogenesis of
the disease. In primary Sjogren's syndrome (pSS) the hall-
mark of the immunopathology is characterized by T and B
lymphocytes infiltration in the exocrine glands, identified
as lymphocytic sialadenitis in the minor salivary gland
(MSG) biopsy, which is an important tool for disease di-
agnostic in addition to anti-Ro/SSA and anti-La/SSB an-
tibodies presence (Mariette et al., 2003). Also, increased
BAFF levels have been reported associated with the ecto-
pic germinal center’s formation and maintenance in pSS
(Carrillo-Ballesteros et al., 2020).

The TNFSF13B gene encodes for BAFF protein and
has been mapped to chromosome 13q32-34 (Schneider
et al,, 1999). Three single nucleotide polymorphisms
(SNPs) in the 5’ untranslated region have been associ-
ated with disease susceptibility in autoimmune diseases:
1$9514827(—2841T > C)located 2841 bp upstream from the
start of the transcription site on cDNA, rs1041569 (—2701
A>T) located 2701 bp upstream from the start of the tran-
scription site on cDNA (Andreou et al., 2021;Theodorou
et al., 2018; Zayed et al., 2013) and rs9514828 (—871 C>T)
located 871 bp upstream from the start of the transcription
site on cDNA (Abdel-Hamid & Al-Lithy, 2011; Kawasaki
et al., 2002; Nezos et al., 2014; Zayed et al., 2013).

In addition, the TNFSF13B mRNA BAFF expression
has been associated with the rs9514828 (—871 C>T) in
healthy subjects (Almeida & Petzl-Erler, 2013; Kawasaki
et al., 2002) and SLE patients (Marin-Rosales et al., 2019).
The TNFSF13B polymorphisms have been associated with
disease susceptibility in different autoimmune disorders
suchasimmune thrombocytopenic purpura(Abdel-Hamid
& Al-Lithy, 2011), Sjogren’s syndrome (Nezos et al., 2014;
Nossent et al., 2008), SLE (Kawasaki et al., 2002; Marin-
Rosales et al., 2019; Zayed et al., 2013), and RA (Kawasaki
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et al., 2002; Ruyssen-Witrand et al., 2012). Also, a recent
report has associated the rs1041569 (—2701 A>T) with
an increased risk of inflammatory bowel disease in the
Greek population (Andreou et al., 2021). However, the
TNFSF13B SNPs have not been analyzed in Mexican pa-
tients with RA and pSS, and the BAFF relationship with
clinical variables and autoantibodies in both diseases re-
mains unclear.

The aim of this study was to analyze the TNFSF13B
1s9514827 (—2841T>C), rs1041569 (—2701 A>T), and
rs9514828 (—871 C>T) SNPs, TNFSF13B mRNA, and
soluble BAFF levels expression in two groups with dif-
ferent rheumatic ADs: rheumatoid arthritis and primary
Sjogren's syndrome. Also, the clinical utility of SBAFF as a
biomarker was evaluated.

2 | MATERIALS AND METHODS

2.1 | Subjects

For the genotyping analysis of the study, we included a
total sample of 730 Mexican mestizo subjects from west-
ern Mexico. Three hundred and nine healthy subjects (HS)
with no family history of autoimmune diseases, 320 sub-
jects that fulfilled the American College of Rheumatology/
European League Against Rheumatism (ACR/EULAR)
2010 classification criteria for Rheumatoid Arthritis
(Aletaha et al., 2010) and 101 subjects that fulfilled the
classification criteria of the ACR/EULAR 2016 for primary
Sjogren's syndrome (Shiboski et al., 2017). All included
subjects were from western Mexico with at least three
generations of ancestors. At the enrollment of the study,
for RA patients the disease activity score in 28 joints with
erythrocyte sedimentation rate (DAS28-ESR) (England
et al., 2019) and the Health Assessment Questionnaire
(HAQ) (Bruce & Fries, 2003) were assessed. For the
pSS patients, the Sjogren's Syndrome Disease Activity
Index (SSDAI) and Sjogren's Syndrome Disease Damage
Index (SSDDI) were also obtained (Herndndez-Molina &
Sanchez-Hernandez, 2013). According to the DAS28-ESR
equation, RA patients were classified into four groups:
remission (<2.6), low activity (2.6 to <3.2), moderate
(>3.2 to <£5.1), and severe (>5.1). The human ethics com-
mittee of the Hospital General de Occidente approved the
protocol under the number 560/18. All the participants
signed an informed consent adapted by us and developed
by the Research Ethics Review Committee of the World
Health Organization (WHO, 2020). All procedures were
performed following the ethical standards of the institu-
tional and national research committee and according to
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.
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2.2 | DNA extraction and genotyping
Genomic DNA was obtained from peripheral blood leu-
kocytes using a modified Miller's technique (Miller
et al., 1988). DNA purity and concentration were deter-
mined by UV spectrophotometry (A260/A280 ratio of
1.8-2.0 and 260/230 ratio of 2.0-2.2) (NanoDrop lite,
Thermo Scientific, Massachusetts, USA) and stored at
—20°C until used for polymerase chain reaction (PCR)
amplification. To identify the genotypes of the single
nucleotide polymorphisms rs9514827 (—2841T>C),
rs1041569 (—2701 A>T), and rs9514828 (—871 C>T), we
conducted PCR coupled to the restriction fragment length
polymorphisms (RFLP) technique as previously described
(Marin-Rosales et al., 2019). The 468bp PCR product
rs9514827 (—2841T>C) was digested with three units
of Acil enzyme (New England BioLabs, Massachusetts,
USA) at 37°C for 2 hours. The digestion fragments were
TT: 468 bp, TC: 468, 308, 160bp, and CC: 308 and 160bp.
The 468-bp PCR product rs1041569 (—2701 A >T) was di-
gested with three units of DpnlIl enzyme (New England
BioLabs, Massachusetts, USA) at 37°C for 1 hour. The di-
gestion fragments were AA: 205, 169, and 94 bp, TA: 263,
205, 169, and 94bp and TT: 263 and 205bp. Finally, the
398-bp PCR product rs9514828 (—871 C>T) was digested
with three units of Acil enzyme (New England BioLabs,
Massachusetts, USA) at 37°C for 6 hours. The digestion
fragments were CC: 261 and 137bp, CT: 398, 261 and
137bp, and TT: 398 bp.

2.3 | RNA extraction and reverse
transcription

For the quantitative expression of the TNFSF13B gene, 36
healthy subjects, 39 RA and 32 pSS patients were selected
from the whole total sample, considering the different
genotypes of the rs9514828 (—871 C>T) polymorphism.
Leukocytes from peripheral blood were obtained by os-
motic lysis of red blood cells and preserved at —80°C with
Trizol reagent (Invitrogen Life Technologies, California,
USA) until use. Total RNA was extracted from these pe-
ripheral blood leukocytes by the phenol/chloroform
technique described in the Trizol manufacturer protocol.
RNA concentration and purity were assessed by UV spec-
trophotometry (A260/A280 ratio of 1.8-2.0 and 260/230
ratio of 2.0-2.2) (NanoDrop lite, Thermo Scientific,
Massachusetts, USA). Complementary DNA (cDNA)
was synthesized from 1 pg of total RNA using oligo-dT
and GoScript™ Reverse Transcription System (Promega
Corporation, Wisconsin, USA) following the manufac-
turer's protocol. The cDNA samples were stored at —80°C
until the real-time PCR assays.
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2.4 | Quantitative PCR (qPCR)

The RT-qPCR assays followed the guidelines of the
Minimum Information for Publication of Quantitative
Real-Time PCR Experiments (MIQE) (Bustin et al., 2009).
Glyceraldehyde-3-phosphate  dehydrogenase (GAPDH)
was used as a reference gene to determine relative quan-
tification. The primers and hydrolysis probes were de-
signed on the Roche Universal 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 quan-
tification (NM_006573.4) was performed by quantitative
real-time PCR (qPCR) using the Nano Light Cycler (Roche
Molecular Systems Inc, California, USA). All samples were
run as duplicates. After validation of PCR efficiencies for
both genes, the obtained data were analyzed.

2.5 | Serum BAFF and
autoantibodies levels

The sBAFF levels were quantified from sera of 101 HS,
and 156 RA and 96 pSS patients with a quantitative ELISA
test (R&D systems, Minneapolis, USA) performed ac-
cording to the manufacturer's recommendations. The
test reported an analytic sensitivity of 1.01 to 6.44 pg/ml.
Furthermore, anti-citrullinated protein antibody (ACPA)
levels were also quantified from sera of 314 RA patients
by quantitative ELISA test (Orgentec Diagnostika GmbH,
Mainz, Germany), performed according to the manufac-
turer's recommendations. The test reported an analytic
sensitivity of 1 U/ml with a cut-off value of 20 U/ml. The
samples were read at 450/540nm in the Multiskan™ Go
Microplate Spectrophotometer (Thermo Fisher Scientific,
Massachusetts, USA), absorbance measurements were
obtained, and data were analyzed. The anti-SSA/Ro and
anti-SSB/La levels were quantified in serum from pSS pa-
tients by the ORG 208 and ORG 209 ELISA kits (Orgentec
Diagnostika GmbH, Mainz, Germany) respectively, ac-
cording to the manufacturer's instructions. A cutoff value
of 25.0U/ml, with a range detection of 0-200U/ml, was
employed in both ELISA kits. The samples were read at
450nm by Multiskan™ Go Microplate Spectrophotometer
(Thermo Fisher Scientific, Massachusetts, USA).
Antinuclear antibodies (ANA) and rheumatoid factor ti-
ters were obtained through the clinical files of patients.

2.6 | Statistical analysis

The data were analyzed using GraphPad Prism 9.0
(GraphPad Software, California, USA) and MedCalc

(MedCalc Software Ltd, Ostend, Belgium). Normal
data distribution was tested, parametric variables were
expressed as mean +standard and non-parametric
variables were expressed as median and percentiles
(25-75). The frequencies of alleles and genotypes
were compared using the Chi-square test or Fisher's
exact test, when appropriate. The haplotype inference
was performed using the partition, ligation, combi-
nation, subdivision, expectation maximization (PL-
CSEM) algorithm by the SHEsis software platform (Li
et al., 2009; Yong & He, 2005). sBAFF serum levels
were compared among groups using Kruskal-Wallis
H tests. A comparative threshold cycle (Ct) method
with a cut-off of 40cycles was used to determine the
TNFSFI13B mRNA expression relative to GAPDH
based on the 27T and the 2744°T methods (Livak &
Schmittgen, 2001; Schmittgen & Livak, 2008). To ana-
lyze the relationship between quantitative variables,
Spearman's correlation coefficient was used. The di-
agnostic performance of SBAFF was obtained through
to Receiver Operating Receptor (ROC) curves and
the area under the curve (AUC). The AUC of sBAFF
and anti-SSA/Ro were compared according to the
DeLong et al. methodology (DeLong et al., 1988). A
p-value <0.05 was considered statistically significant.
Statistically significant differences were considered
when p-values were <0.05.

3 | RESULTS

3.1 | Demographic and clinical features
Table 1 describes the demographic and clinical features
of all subjects included in this study. HS presents the
median age of 36years old compared to RA and pSS pa-
tients at 49 and 58years old, respectively. RA patients
had a median disease evolution of 42 months. Of the
whole RA patients included in the study, 88.4% of them
were female. Most of the patients showed moderate dis-
ease activity with a DAS28-ESR median of 4.33, whereas
10.37% of the RA patients were in remission. According
to the HAQ, these patients had mild to moderate diffi-
culty in their functional ability with a median of 0.760.
RF and ACPA autoantibodies were positive in 70% of
the RA patients. pSS patients had a median disease evo-
lution of 36 months. Antinuclear antibodies (63%), as
well as anti-SSA/Ro (24%) and anti-SSB/La (13%), were
positive in pSS patients. The pSS disease indexes SSDAI
and SSDDI were low, with median values of 2 and 1,
respectively. The treatment that RA and pSS patients
were taking at the time of enrollment is also presented
in Table 1.
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TABLE 1 Demographic, clinical, and serological features of RA and pSS patients

Variable

Demographics

Age, years®

Female gender (%)
Disease status

Disease evolution, months®
DAS28-ESR?

Remission (%)

LDA (%)

MDA (%)

HAD (%)

HAQ?

SSDATI*

SSDDI*

Inflammation markers
ERS, mm/h?

CRP, mg/L*

Negative (%)

Positive (%)
Autoantibody status
Rheumatoid factor, Ul/ml?

Positive (%)

High positive (%)
ACPA, U/ml*

Positive (%)

High positive (%)
Anti-SSA/Ro (%)

U/ml*
Anti-SSB/La (%)

U/ml*

Antinuclear antibodies (%)

Titer
Treatment
NSAIDs (%)

Steroids (%)
DMARD:s (%)

MTX (%)

Sulfasalazine (%)

Antimalarial (%)
Multitherapy

MTX + Sulfasalazine (%)

MTX + Antimalarial (%)

SSZ + Antimalarial (%)

Triple therapy (%)

HS

n =309

36 (28-49)
87

RA

n =320

49 (40-58)
88.4

42 (18-120)
4.33(3.23-5.32)
10.37

12.71

48.49

28.43

0.76 (0.22-1.43)

35 (23-46)

15.89 (4.23-43.11)
27.24

72.76

94.20 (38.50-263.2)
89.96
66.41
69.43 (18.69-272.2)
70.25
54.14

48
1:320 (1:160 - 1:640)

72.81
35.94

84.69
53.44
35.94

25.94
10
2.19
22.50
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PSS

n =101

58 (48-64)
100

36 (12-96)
2(0-3)
1(0-2)

23 (14-36)

3.80 (1.84-7.23)
54.7

453

13 (7.00-32.00)
44.6

24
107 (72.3-200)

13

87 (45.7-219)

63

1: 320 (1:160 - 1:640)

19

61

11

(Continues)
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TABLE 1 (Continued)
HS
Variable n =309
Azathioprine (%) -
SBAFF (ng/ml)* 0.742 (0.663-0.867)

RA PSS
n =320 n =101
7.5 17.8

1.093 (0.875-1.333) 1.792 (1.381-2.483)

Abbreviations: ACPA, anti-citrullinated protein antibodies; CRP, C-Reactive protein; DAS28-ESR, disease activity score—erythrocyte sedimentation rate;
DMARDs, disease-modifying anti-rheumatic drugs; HAQ, Health Assessment Questionary; MTX, methotrexate; NSAIDs, non-steroidal anti-inflammatory
drug; sBAFF, soluble BAFF; SSDAI, Sjogren’s Syndrome Disease Activity Index; SSDDI, Sjogren’s syndrome disease damage index.

“Data provided in median and percentile (25-75).

3.2 | Genotype, allele, and haplotype
frequencies of TNFSF13B gene
polymorphisms

HS were found in Hardy-Weinberg equilibrium for
the three TNFSF13B gene polymorphisms (rs9514827,
74 =0.2567, p = .6123; 151041569, y* = .0172, p = .8955,
and rs9514828, ;(2 = .1894, p = .6633). Table 2 shows
the genotype, allele, and haplotype frequencies in all
groups of study as well as genetic models. Differences
in allele and genotype frequencies were found only
between RA and HS for the rs9514828 (—871 C>T)
polymorphism. The CT genotype and T allele carriers
showed increased susceptibility for RA, with an OR of
1.495 [95% CI (1.079-2.070), p., = .030] and an OR of
1.299, [95% CI (1.014-1.665), p = .038], respectively.
Also, we found significant associations in the domi-
nant and overdominant genetic models, which empha-
size the role of the rs9514828 T allele. In contrast, no
associations were found between TNFSF13B SNPs and
pSS.

The evaluated TNFSFI3B SNPs were found in
high to moderate linkage disequilibrium (rs9514827
vs 151041569, D’ = 0.854; rs9514827 vs rs9514828,
D’ = 0.746 and rs1041569 vs 1s9514827 D’ = 0.776).
The most common haplotypes in HS and RA were TAC
(69.2% vs. 65.5%), CAT (15.2% vs. 12.2%), TTT (7.3% vs.
6.9%). The TAT (2.4% vs 10%) haplotype was associated
with high susceptibility to RA disease with an OR of
4.358 [95% CI (2.445-7.770), p.<.001]. In contrast, the
TTC haplotype was associated with less susceptibility to
the disease with an OR of 0.180, [95% CI (0.052-0.620),
p. = .020]. No association were found between any of
the calculated haplotypes and pSS.

3.3 | TNFSF13B gene expression and
SBAFF serum levels

The TNFSF13B expression at the mRNA level was in-
creased in both autoimmune diseases compared to HS,

being pSS patients those with higher levels (5.04-fold
more). RA patients showed 2.43-fold more TNFSF13B
gene expression than HS (Figure 1a). According to 274"
analysis, HS has a lower TNFSF13B mRNA expression
than subjects with autoimmune diseases [median of rela-
tive expression units (REU), HS = 21.49, RA = 44.16,
pSS =91.41, (HSvs RA p =.035 and HS vs pSS p = <.001)],
and no difference was observed between RA and pSS pa-
tients (p = .081) (Figure 1b).

To evaluate the risk of the rs9514828 (—871 C>T)
polymorphism and their influence on the TNFSF13B
gene expression in RA patients, we evaluated the genetic
models using the 2724°T and the 2727 analysis for each
of them (Figure 1d-i). Codominant model showed that
rs9514828 TT (6.82-fold more) and rs9514828 CT (2.77-
fold more) genotype carriers had higher TNFSFI3B
mRNA expression compared to rs9514828 CC genotype,
(TT = 6.82 and CT = 2.77) (Figure 1d). Similar differ-
ences were observed in dominant and recessive genetic
models (Figure 1le,f). Also, a higher TNFSF13B mRNA
expression was found according to 274" analysis in
carriers of the rs9514828 TT genotype (Figure 1g-i).
Differences were not found between TNFSF13B mRNA
expression and pSS (Figure 1k).

In addition, we analyzed the sBAFF levels, the pSS
patients showed the highest values (median of 1.792ng/
ml) compared to RA patients (median of 1.093ng/ml,
p<.001) and HS (median 0.742ng/ml, p = <.001). Also,
RA patients had increased levels of SBAFF compared to
HS (p<.001) (Figure 1c). However, codominant genetic
model did not showed difference between genotypes
and sBAFF levels in RA patients (rs9514828 median
CC = 0.874ng/ml, CT = 1.259ng/ml and TT = 1.097ng/
ml, p = .2602) (Figure 1j). Also, for pSS no difference in
SBAFF levels was appreciated according dominant ge-
netic model (rs9514828 median CC = 1.471ng/ml and
CT+TT = 1.821ng/ml, p = .1214) (Figure 11). No correla-
tions were found between REU of the TNFSFI3B gene
and sBAFF expression neither HS, RA, or pSS patients
with the CC or the CT genotypes of the rs9514828 (—871
C>T) (data not shown).
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3.4 | sBAFF and clinical
characteristics of RA and pSS

A correlation matrix between some of the variables as-
sessed in RA patients is shown in Figure 2a. A low positive
correlation was observed between levels of RF and ACPA
autoantibodies, as well as between sBAFF levels and dis-
ease evolution. Despite RA patients had higher sBAFF
levels than HS, we did not find an association between
SBAFF levels and RA autoantibodies status. Rheumatoid
arthritis patients seropositive to ACPA autoantibodies
showed sBAFF median levels of 1.089ng/ml compared
to seronegative patients that had median sBAFF levels of
1.134ng/ml (Figure 2b). Moreover, we analyzed sBAFF
levels according to high or low levels of both autoantibod-
ies (ACPA and RF). Opposite of how we expected RA pa-
tients with low levels of ACPA/RF showed higher sSBAFF
levels in comparison with patients with high levels of both
autoantibodies (median 1.071 vs 1.225ng/ml, p = .027)
(Figure 2c).

On the contrary, pSS patients did not show an asso-
ciation between sBAFF levels and TNFSF13B mRNA
expression, SSDDI score, or the focus score (Figure 2d).
However, correlation between SSDAI score and pSS auto-
antibodies, anti-SSA/Ro (r = 0.307, p = .003), and anti-
SSB/La (r = 0.324, p = .002) were found (Figure 2e).
Primary Sjogren's syndrome with seropositive anti-SSA/
Ro antibodies had a higher focus score than anti-SSA/Ro
seronegative (Figure 2f).

3.5 | Evaluation of sBAFF levels as
potential biomarkers for RA and pSS

Because in our study we find the highest SBAFF levels in
ADs, we analyzed the performance of sSBAFF levels as a
biomarker. Rheumatoid arthritis showed an AUC value
of 0.811 (p <.001) (Figure 2g) and pSS showed an AUC of
0.968 (p <.001) (Figure 2h). As sBAFF showed high per-
formance according to ROC analysis in pSS, we analyzed
this in comparison with anti-SSA/Ro antibody. The AUC
value for anti-SSA/Ro was 0.974 (Figure 2i), similarly to
SBAFF.

4 | DISCUSSION

Rheumatoid arthritis and primary Sjogren's syndrome
are characterized by an exacerbated response of the im-
mune system. RA is a chronic, inflammatory disease char-
acterized by synovial hyperplasia that could lead to joint
destruction and physical dysfunction (Tanaka, 2020).
pSS is characterized by focal lymphocytic infiltration of

Mol I . ic Medici 9 of 16
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the exocrine glands which can lead to glandular atrophy
(Bowman, 2018). Even when etiology is unknown it is
well documented that diverse risk factors are involved in
their development. Both diseases involve the interplay of
genetic (Deane et al., 2017; Imgenberg-Kreuz et al., 2019)
and environmental factors (Bjork et al., 2020), which con-
ducts to a loss of immunological tolerance with the sub-
sequent establishment and perpetuation of the disease
(Fayyaz et al., 2016; Scott et al., 2010).

BAFF has a main role among the factors that promote
humoral responses and autoantibody production. This
cytokine has been demonstrated to induce B cell survival
(Moore et al., 1999), proliferation (Schneider et al., 1999),
maturation (Schneider et al.,, 2001), extrafollicular re-
sponses (MacLennan & Vinuesa, 2002), and T-independent
class-switch recombination (Castigli et al., 2005). Multiple
studies had associated high levels of sBAFF with several
autoimmune diseases, being SLE one of the most consis-
tently associated (Ospina et al., 2016). BAFF is encoded
TNFSF13B gene and several SNPs have been reported
in association with increased risk for ADs (Gottenberg
et al., 2006; Kawasaki et al., 2002; Nezos et al., 2014).
In the present study, we analyzed the TNFSF13B SNPs
1s9514827 (—2841T> C), rs1041569 (—2701 A>T), and
rs9514828 (—871 C>T) in HS, RA, and pSS patients from
western Mexico.

The distribution of the allelic and genotypic frequen-
cies of rs9514827 (—2841T>C) and rs1041569 (—2701
A>T) were similar in HS and patients with ADs. In our
study, the rs9514828 (—871 C>T) allele frequency was in
concordance with those reported in the American popu-
lation (C = 75.2 and T = 24.8) (1000 Genomes Project -
Rs9514828 Allele Frequency, 2021, p. 1000 genomes
project), as well as, in the western Mexican population
(Marin-Rosales et al., 2019). In this study, we did not find
an association between the rs9514828 (—871 C>T) poly-
morphism and the risk to develop pSS in our population.
In contrast, an increased risk for developing RA was found
in T allele carriers of the rs9514828 (—871 C>T) polymor-
phism, in the western Mexican population. To date, one
previous study has investigated the association between
the rs9514828 (—871 C>T) polymorphism and RA risk
in the Japanese population, without finding a significant
difference (Kawasaki et al., 2002). This difference can be
explained in part by ancestry. The ancestry in the western
Mexican-Mestizos population has been reported with a
composition of 64% European, 24% Amerindian and 15%
African (Martinez-Cortés et al., 2012; Rangel-Villalobos
et al., 2008).

Haplotype analysis of TNFSF13B SNPs 1s9514827
(—2841T>C), rs1041569 (—2701 A>T), and rs9514828
(—871 C>T) polymorphisms showed moderate link-
age disequilibrium (rs9514827 vs rs1041569, D’ = 0.854;



10 of 16
4|_Wl LEY—

Molecular Genetics & Genomic Medicine

SANTILLAN-LOPEZ ET AL.

(a) (b)
AFdkk
% ns
4000 |
3000
2000
67 508 & 1000
% '
—r
N 4+ Q 300
Q o
2 243 uU). 200
& 2- 2
=
w 1 100
2
= 0
0= 0 * =
HS RA pSS HS (n=36) RA (n=39) pSS (n=32)
(d) (e)
8 6.82 “ 3.51
= =
3] 3]
3 e g 3+
8 8
8 4 8 2
E 277 ‘l.l:
7 7] 1
£ £
~ ~
[ 0-
cc CT TT cc CT+TT
-871 C>T Codominant Model -871 C>T Dominant Model
RA RA
(9) (h)
Bk
| ns ns dok
400~ i 1 400
§ 300~ % 300+
Q 8
g 200 g 200
'S 'y
[ (7
% 100 % 100
~ ~
0~ d 0-
cC CT TT cC CT+TT
-871 C>T Codominant Model -871 C>T Dominant Model
RA RA
{1)] (k)
ns
ns
ns ns 4000 _
A 10 3000
¢ &~ 2000
3 g, 1000 o
£ o °
=)
< ] ° g 200
w 2 -
w [ ° 4 w
g ° olo @ (lf
» 1= %o d 100
Sl R 3
[ ] [ ] [ ]
o U 1 1 o T I
cC CT TT cC CT+TT
-871 C>T Dominant Model

-871 C>T Codominant Model
RA

pSS

(c)

6™

sBAFF ng/mL

ook
Hkok .
1]
. "
. g
£
$ 'y

(f)

A

TNFSF13B (244
- N
1

o
L

HS (1=101) RA (n=156) pSS (n=96)

CC+CT TT
-871 C>T Recessive Model
RA
(i)
sk
400 |
2 300
)
Q
‘E 200
7
‘é 100-
[~
o a8 T
CC+CT TT
-871 C>T Recessive Model
RA
(U]
ns
5
L]
4
-
£
2 ] .
'S
% 21 9o
LJbd
g T
1_
o T T
cC CT+TT
-871 C>T Dominant Model

pSS



SANTILLAN-LOPEZ ET AL.

Molecular Genetics & Genomic Medicine_Wl LEY 110f16

Open Access,

FIGURE 1 Association of TNFSF13B gene expression according to rheumatic diseases and -871C > T polymorphism. The TNFSF13B
gene expression was higher in RA and pSS than in HS (a and b). When comparing the gene expression between both rheumatic diseases

no statistical difference was found (b). The SBAFF concentration was higher in both autoimmune disorders than in HS, mainly in pSS (c).
TNFSF13B expression showed high expression in RA patients with CT and TT genotypes of the -871C > T polymorphism [2.77 and 6.82-fold
more, respectively (d)]. RA patients were classified according to dominant and recessive genotyping models, the carriers with the mutant
alleles showed 3.51 and 4.43-fold more expression (e and f). Also, TNFSF13B gene expression according to genetic models, showed that
being a carrier of two copies of the T allele was associated with higher TNFSF13B mRNA expression (g-i). SBAFF concentration did not
show a difference in RA patients, independently of genotypes (j). The TNFSF13B gene expression and sBAFF levels were similar in patients
with pSS carriers of the risk allele with respect to the most frequent (k and 1). Qualitative and quantitative TNFSF13B gene expression
analysis was evaluated through the 2722 and 27" methods. Data are shown in median and percentiles (25-75). HS: Healthy subjects, pSS:
Primary Sjogren's syndrome, RA: Rheumatoid arthritis. p-Values were obtained through the Mann-Whitney U tests or Kruskal-Wallis H test
(Dunn's post hoc test, when appropriate) according to the case. p-Value < .05 *, p-value < .01 **, p-value < .001***, Statistically significant

difference, p-value < .05

rs9514827 vs rs9514828, D’ = 0.746, and rs1041569 vs
rs9514827 D’ = 0.776). The most prevalent haplotype
was TAC in HS and patients with ADs. The TAT haplo-
type which includes the rs9514828T polymorphic allele
was associated with an increased risk of developing RA.
This is the first study that associates the TAT haplotype of
the TNFSF13B gene with RA susceptibility. Furthermore,
we found the TTC haplotype associated with a decreased
risk of developing RA in the western Mexican population.
Contrary to reported by Nossent et al., we did not find
an association between TNFSF13B haplotypes and pSS
risk. The CTAT haplotype was found associated with pSS
positive to SSA/Ro and SSB/La antibodies, in the French
population (Nossent et al., 2008). pSS patients analyzed by
Nossent reported a higher frequency of Ro/La autoanti-
bodies (77%) in contrast, our pSS patients showed a lower
Ro/La seropositivity (24% for Ro and 13% for La antibod-
ies), being an important limitation in our study.
Additionally, the rs9514827 (—2841T>C) polymor-
phism has been associated with treatment response in RA
patients. The rs9514827T allele carriers, non-responders to
therapy with TNF inhibitors also showed a poor response
to Rituximab treatment (Ruyssen-Witrand et al., 2012). In
our study, patients with biological therapy were not in-
cluded and the response to treatment was not considered.
On the contrary, we analyzed the association of the
TNFSF13B 159514828 (—871 C>T) polymorphism and
TNFSF13B mRNA expression in both RA and pSS pa-
tients. An increased TNFSF13B mRNA expression was
found in both ADs. In comparison with HS, RA patients
showed 2.43-fold more TNFSF13B mRNA expression
whereas pSS patients had 5.04-fold more TNFSFI13B
mRNA expression. The increased gene expression levels
were in concordance with sSBAFF protein, SBAFF levels
were highestin RA and pSS patients. Also, RA carriers of
the rs9514828TT genotype showed increased TNFSF13B
mRNA expression, which suggests a functional effect of
this variant. In contrast, in the pSS group, the TNFSF13B
transcript levels did not correlate with the rs9514828
polymorphism. This discrepancy can be explained in

part because pSS patients have been described as overex-
pression of type I interferons, which indeed was associ-
ated with increased TNFSF13B mRNA expression (Brkic
et al., 2013). Also, diverse mechanisms at the epigenetic,
transcriptional, and post-transcriptional level can affect
gene expression (Bao & Cao, 2016; Lahiri et al., 2012;
Sjostrand et al., 2015), however, none of this were ex-
plored in our study.

Previously, the 1s9514828 (—871 C>T) polymorphism
was associated with an increase in TNFSFI13B mRNA ex-
pression (Kawasaki et al., 2002). According to in-silico anal-
ysis, the presence of the rs9514828T variant can modify the
binding affinity for the transcription factor myeloid zinc
finger protein (MZF1) and thus influence the TNFSF13B
gene expression (Kawasaki et al., 2002). However, is well
known that gene expression is regulated by several post-
transcriptional factors (Alsaleh et al., 2014). Similar to the
reported by Gottenberg et al., in the pSS French population,
we did not find an association between rs9514828 (—871
C>T) polymorphism and TNFSF13B mRNA expression in
PSS patients from western Mexico.

A consistent finding in our study was the increased
SBAFF levels in RA and pSS patients. As BAFF is a cyto-
kine involved directly in B cell response and autoantibody
production, we analyzed if the SBAFF levels were associ-
ated with autoantibodies and disease activity in both ADs.
In contrast, we did not find associations between sBAFF
levels and SNPs or mRNA expression, we hypothesize
that serum sBAFF levels could be influenced by the local
BAFF production. It has been described that fibroblast-
like synoviocytes contributes to local BAFF production in
RA (Yoshitomi, 2019). Also, in pSS has been determined
a local BAFF expression in ectopic GC-like structures in
minor salivary glands (Carrillo-Ballesteros et al., 2020).
Regarding sBAFF levels and autoantibodies, we could not
establish an association when comparing sBAFF levels ac-
cording to ACPA and RF positive vs negative. However,
we found higher sBAFF levels in patients with low ACPA/
RF levels in comparison with high ACPA/RF antibodies.
The above, contrasts with two previous reports, where
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FIGURE 2 Association and correlation of sSBAFF levels, autoantibodies, and clinimetric measures in RA and pSS patients. RA patients
showed positive correlation between ACPAs and RF with a statistical difference (r = 0.380, p = .001). Also, the clinimetric tools had a
positive correlation with variables directly related to its calculation (a). RA patients classified according to ACPAs and RF status did not
show statistical difference (b). Otherwise, classified as low or high, the formers showed higher sBAFF levels (p <.05), (c). No statistical
differences were found in pSS patients among TNFSF13B mRNA relative expression units (REU), sBAFF, FS, and clinimetrical tools

(d). However, anti-SSA/Ro and anti-SSB/La showed a positive correlation with SSDAI (e), and the focus score (FS) was higher in pSS
seropositive to anti-SSA/Ro (f). The diagnostic performance of SBAFF was evaluated in RA (g) and pSS (h), with higher efficiency in pSS
than in RA (AUC = 0.968 vs 0.811, respectively). Also, the diagnostic efficiency of SBAFF was compared with anti-SSA/Ro and sBAFF
showed a similar performance with no statistical difference (i). Data is shown in median and percentiles (25-75). REU was obtained through
the 272 method. ROC curves with AUC were used and compared through the Delong method. ACPA: Anti-citrullinated protein antibodies,
AUC: Area under the curve, DAS28: Disease activity score of 28 joints, ESR: Erythrosedimentation rate, FS: Focus score, HAQ: Health
assessment Questionary, RA: Rheumatoid arthritis, pSS: Primary Sjogren's syndrome, REU: Relative expression units, RF: Rheumatoid
factor, SSDALI: Sjogren's syndrome disease activity index, SSDDI: Sjogren's syndrome disease damage index. p-Values were obtained through
the Mann-Whitney U tests and Spearman's rank-order correlation test. p-value < .01 **, p-value < .001***, Statistically significant difference,
p-value < .05

a positive correlation between sBAFF levels and ACPA/
RF autoantibodies was found (Bosello et al., 2008; Pers
et al., 2005). These differences can be explained in part
because RA patients included in those studies, were ac-
cording to 1987 ACR classification criteria (Bergling

et al., 2013), which mainly classify established RA. In
fact, we found that RA patients with very early disease
(<3 months) showed higher sBAFF levels than the estab-
lished disease (data not shown). It has been suggested that
RA treatment with glucocorticoids and antirheumatic
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drugs can modify BAFF (Reyes et al., 2008) and autoan-
tibodies (Bugatti et al., 2018) expression. Similarly, we
did not find an association between the sBAFF levels and
anti-SSA/Ro and anti-SSB/La antibodies, in pSS patients.
A previous report on Caucasian pSS patients observed a
positive correlation between sBAFF levels and anti-SSA/
Ro and anti-SSB/La antibodies (Quartuccio et al., 2013).
Despite low frequencies of anti-SSA/Ro and anti-SSB/La
antibodies found in our pSS patients, we observed a posi-
tive correlation between anti-SSA/Ro antibody and SSDAI
score, as well as anti-SSA/Ro antibody and Focus score.
In addition, the majority of pSS patients included in our
study, show positive MSG biopsies, which emphasized
the predominant role of the local inflammatory environ-
ment in the disease. Because we measure serum soluble
BAFF levels the cellular source of this cytokine in each
condition was unknown, which could be considered a
limitation of this study. Finally, we explored the potential
of sBAFF levels as a diagnostic biomarker in RA and pSS.
The AUC obtained for RA and pSS were 0.811 and 0.968,
demonstrating higher diagnostic performance for pSS.
The cutoff for SBAFF of >1.08 ng/ml in pSS showed 89.6%
of sensibility and 92.08% of specificity, with a likelihood
ratio of 11.31, with a similar accuracy of anti-SSA/Ro an-
tibody diagnosis. Other authors have previously reported
sBAFF as a useful tool for SLE diagnosis, their use was
able to predict flares and could be associated with lupus
nephritis (Petri et al., 2008). Based on the low frequency
of anti-SSA/Ro in pSS patients included in this study and
the high performance of sBAFF, this cytokine could be
considered a diagnostic biomarker in pSS. In conclusion,
our findings demonstrate that the TNFSF13B rs9514828
(—871 C>T) polymorphism is a risk factor for RA in the
western Mexican population. SBAFF levels may be a po-
tential diagnosis biomarker in pSS.
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