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ABSTRACT

The aim of the present study was to evaluate the impact of SEMA4A genetic variants on expression of
sema4A protein and its relation to autoimmunity development in Systemic Lupus Erythematosus and
Rheumatoid Arthritis patients. A total of 541 SLE patients, 390 RA patients and 607 healthy individuals
were genotyped. We also assessed SEMA4A mRNA expression from whole blood cells and the in vitro
protein production from resting and activated T lymphocytes as well as mature dendritic cells from
healthy individuals stratified according to their genotypes for SLE/RA associated SEMA4A variants. Our
results showed that T/T genotype for rs3738581 SNP is associated with both RA and SLE development
(p=.000053, OR = 2.35; p=.0019, OR = 2.07, respectively; statistical power = 100%) and also to an
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increased in vitro sema4A production in active T lymphocytes. Our findings are indicative of a T cell-
specific upregulation of sema4A in the presence of T/T genotype, being a risk factor for SLE and RA.

1. Introduction

Semaphorins, first described as guidance factors that assist
axon pathfinding during neuronal development [1], have
been shown to play important roles in heart morphogenesis
[2,3], vascular growth [2,3], tumour progression [4,5], and
immunoregulation [6]. This group of proteins has been div-
ided into different subclasses I to VII according to their
structure, being the classes III-VII expressed in verte-
brates [7].

The Semaphorin 4 A (sema4A) is highly expressed on the
surface of mature dendritic cells (DC) and active T lympho-
cytes, but poorly expressed on B and resting T cells mem-
brane [8]. DC-derived sema4A showed to be essential for T
cell priming as well as T-cell derived sema4A for T helper
type 1 (Thl) and 17 (Th17) differentiation [9].

Sandrin-Garcia et al. [10] evaluated the expression profile
of 4500 genes in patients with active and inactive systemic
lupus erythematosus (SLE): a total of 156 genes were differ-
entially expressed between patients and healthy controls.
Within them, SEMA4A gene was upregulated (432-fold
change) in active SLE patients. Considering the imbalance
of T helper cell subsets in SLE pathogenesis and the

involvement of sema4A on the immune cell regulation [11],
we considered the SEMA4A gene as a potential target gene
in susceptibility to SLE and autoimmunity development.

In this study, we have investigated the hypothesis that
genetic variants in SEMA4A result in an altered expression
of sema4A and are involved in autoimmunity development.
Therefore, we investigated the impact of SEMA4A genetic
variants in SLE and rheumatoid arthritis (RA) development
in Brazilian populations. Following, to functionally under-
stand the impact of the associated genetic variants, we
assessed SEMA4A mRNA expression in whole blood cells
and the in vitro protein production from resting and acti-
vated T lymphocytes as well as mature DC cells from
healthy individuals stratified according to their genotypes
for SLE and RA associated polymorphism.

2. Material and methods
2.1. SEMA4A genotyping study

2.1.1. Subjects
For this study, we enrolled patients and controls from three
Brazilian cohorts (a Northeastern cohort from state of
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Pernambuco, a Southeastern cohort from Sao Paulo and a
South-Brazilian cohort from Rio Grande do Sul), comprising
541 SLE patients, 390 RA patients and 607 healthy controls.
The northeastern sample comprised 123 SLE patients, 118
RA patients and 158 healthy individuals from the state of
Pernambuco (Northeast of Brazil). The Southeastern sample
comprised 158 SLE patients, 89 RA patients and 189 healthy
controls from state of Sao Paulo (Southeast of Brazil) and
the Southern sample comprised 260 SLE patients, 183 RA
patients and 260 healthy controls from state of Rio Grande
do Sul (South of Brazil). Patients from Northeast of Brazil
were under care of the Division of Rheumatology of Clinical
Hospital from Federal University of Pernambuco, whereas
patients from Southeast and South’s Brazil were recruited
from Division of Clinical Immunology of University
Hospital of the School of Medicine of Ribeirao Preto,
University of Sao Paulo and Division of Rheumatology of
Clinical Hospital from Federal University of Rio Grande do
Sul, respectively. All patients were diagnosed according to
the American College of Rheumatology (ACR) criteria for
the classification of SLE [12] and RA [13]. As control group,
we enrolled healthy blood donors without previous family
history of autoimmune diseases, as reported in an appropri-
ate questionnaire. Clinical and laboratory data from all
patients were collected from medical records and are shown

Table 1. Controls and patients’ characteristics.

Northeastern ~ Southeastern Southern
Controls (n =607) n=158 n=189 n=260
Females 86.4% 51.6% 35.8%
Males 13.6% 48.4% 64.2%
Age® 40.8 £ 14.65 374+£11.31 42.1+89
Rheumatoid arthritis (n = 390) n=118 n=289 n=183
Females 95.3% 92.2% 81.5%
Males 4.7% 7.8% 18.5%
Age® 51.2+11.6 55.7+10.8 64+12.7
Age at diagnosis® 421£11.7 448+13.2 46 +13.7
Positive rheumatoid factor 71.2% 73.4% 89.7%
Bone erosions 75.8% 89.9% 86.1%
DAS28° 4.53 (0-7.84) 5.59 (2.87-7.89) 3.88 (0.84-7.45)
HAQ® 1.42 (0-3) NA 122 (0-3)
Systemic lupus n=123 n=158 n=260
erythematosus (n = 541)
Females 99% 94.4% 90.8%
Males 1% 5.6% 9.2%
Age? 37.5+104 39.8+11.9 49.7 £15.1
Age at diagnosis® 312177 NA 33+14
Malar rash 58.9% 55% 56.7%
Discoid rash 17.8% 16% 13.5%
Photosensitivity 67.3% 29.4% 79.3%
Ulcers 19.6% NA 36.5%
Arthritis 72% 42.6% 83.7%
Serositis 22.4% 25.2% 31.3%
Nephritis 50.5% 55.9% 39.9%
Neurological alterations 7.5% 20.3% 10.6%
Hematological alterations 68.2% 61.8% 70.7%
Positive ANA 93.5% 80.4% 99.5%
Anti-DNA 24.4% 19.6% 46.6%
Anti-Sm 8.42% NA 17.8%
Antiphospholipid syndrome 5.6% 21% 6.3%
SLEDAIP 3.6 (0-16) NA 3(0-37)
sLicc® 0.9 (0-5) NA 1(0-7)
*Mean + SD.

®Mean (minimum-maximum).

DAS28: disease activity score in 28 joints; HAQ: health assessment question-
naire; ANA: antinuclear antibody; SLEDAI: systemic lupus erythematosus disease
activity index; SLICC: systemic lupus international collaborating clinics; NA:
not available.

in Table 1. All the participants provided a written informed
consent according to the Declaration of Helsinki and
approved by the local Research Ethics Committee
(Southeast: CAAE 34636013.9.3001.5440 (SLE and RA),
Northeast: CAAE 03065312.3.0000.5208 (SLE and RA) and
South: CAAE 01731012.0.0000.5327 (SLE) and HCPA 08-
366 (RA)).

2.1.2. DNA isolation

Genomic DNA was isolated from peripheral blood samples,
using DNA Wizard Genomic DNA Purification Kit
(Promega, Madison, WI) according to the standard protocol
from the manufacturer or using a salting out method [14].

2.1.3. SNPs selection and gene genotyping

Polymorphisms were selected crossing and merging data
from SNP Browser software 4.0 (Applied Biosystems, Foster
City, CA) and HapMap database (hapmap.ncbi.nlm.nih.gov)
in order to cover most of the SEMA4 gene (1q22). The
selected tag SNPs - rs3738581 (intronic region, near 3'UTR),
rs7695 (3'UTR), rs12401573 (exonic region) and rs3738582
(intronic region)—presented at least 10% minimum allele
frequency (MAF) (Figure 1).

Genotyping was performed with fluorogenic allele spe-
cific probes (Tagman Probes, Applied Biosystems, Foster
City, CA), using an ABI7500 sequence detection system
(Applied Biosystems, Foster City, CA). Initially, the four tag
SNPs were genotyped in SLE patients and controls and then
after analysis, the SLE-associated SNP (rs3738581) was gen-
otyped in RA patients.

2.1.4. Statistical analysis

Genotype frequencies were compared for Hardy-Weinberg
(HW) expectations using Genotype Transposer [15]. In a
preliminary analysis, the allele and genotype frequencies
from healthy controls and RA and SLE patients were com-
pared using chi-square test. Binary logistic regression was
used to evaluate the association between the polymorphisms
and SLE and RA, adjusting for origin of sample and sex.
Bonferroni’s correction for multiple comparisons was
applied when p-value was significant (N=4). The signifi-
cance level was set at o =.05 (two-tailed). All statistical anal-
yses were performed with SPSS 15.0 (SPSS, Inc., Chicago,
IL). The eventual presence of linkage disequilibrium
between SEMA4A polymorphisms and the association of
haplotypes with SLE susceptibility were evaluated by using
the online tool SNPStats [16]. The power of the analyses
was verified using G*Power software 3.1.9.2 (Kiel
University, Germany).

2.2. SEMA4 mRNA and protein expression assays

2.2.1. Subjects

We assessed the SEMA4A mRNA expression levels in whole
blood cells and the sema4A protein levels from resting and
stimulated T cell as well as mature DCs of 28 healthy
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Figure 1. SEMA4 gene (1922
5’ UTR).

individuals stratified according to their genotypes for the
SLE/RA associated SEMA4A polymorphism.

2.2.2. Whole blood RNA extraction and cDNA synthesis
Peripheral blood samples were collected and immediately
used for RNA isolation, which was performed using the
Qiagen Whole Blood RNAse kit, following the manufac-
turer’s instructions. The samples were stored at —80 °C until
used and RNA integrity analysis was performed by gel elec-
trophoresis and quantification by Nanodrop 2000 (Thermo
Scientific USA).

For c¢cDNA synthesis, we followed the SuperScript III
First-Strand Synthesis System for RT-PCR kit (Invitrogen,
USA) standard protocol, employing for each sample a stand-
ard RNA input of 500ng for each reaction of 20pL of
cDNA. Oligo(dT) was used as primers in all samples. cDNA
was stored at —20 °C until qPCR assays.

2.2.3. mRNA expression analysis

Gene expression assays for SEMA4A cDNA was performed
using the ABI 7500 SDS platform (Applied Biosystems,
USA). Glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was the reference gene used for normalization
(SEMA4A: Hs00223617_m1 and GAPDH: Hs02758991_gl).
Gene expression analyses were performed with technical
triplicates. The calculation of 2" was performed for each
subject [17]. Student’s t-test was applied to compare the
quantitative expression between different genotypes.

2.2.4. Cells culture and immunophenotype analysis

Peripheral blood (10mL) was collected in EDTA tube by
venipuncture and isolated by density gradient using Ficoll-
Paque (Sigma-Aldrich, USA). After centrifugation, the
PBMCs ring was collected and washed twice in 1x PBS
saline. The cell pellet was suspended in 1 mL of RPMI-1640
(Sigma-Aldrich, St. Louis, MO) supplemented with 10% of
FBS (Fetal Bovine Serum, Sigma-Aldrich). Cells were

SEMA4A
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rs12401573
rs3738581

structure and studied Tag SNPs; rs3738581 (intron, near 3'UTR), rs7695 (3'UTR), rs12401573 (exon 15) and rs3738582 (intron, near

counted by means of microscopy in a Neubauer Chamber
and the viability always exceeded 95%, as judged from their
ability to exclude Trypan Blue (Sigma-Aldrich, St. Louis,
MO). PBMCs were culture on 96-well plate “U bottom” at a
concentration of the 200,000 cells/well for subsequent stain-
ing with antibodies.

T lymphocytes were cultured in nonstimulated and
stimulated conditions. For stimulation, T cells were cultured
with phytohemaglutinin 1%. Following 18h, cells were har-
vested and analyzed by flow cytometry.

DCs were generated from monocytes isolated by adher-
ence after 7days of culture. The following cytokines were
used: 50ng/mL of human granulocyte-macrophage colony
stimulating factor (GM-CSF) and recombinant human IL-4
(Sigma-Aldrich, USA) for 5days. On day 5, the DCs were
maturated through 500ng/ml of lipopolysaccharide (LPS;
Sigma-Aldrich). Following two days, DCs were harvested
and analyzed by light microscopy and by flow cytometry.
The phenotype of the cultured DC was confirmed by the
expression of HLA-DR, CD1lc, CD80 and CD86, and low
levels of CD14 [18,19].

Cells were incubated with conjugated mAb or isotype
controls for 30 min protected from light at room tempera-
ture. The monoclonal antibodies used were: SEMA4A-FITC,
CD80—PE-CY7, CD86—APC, CD14—Texas Red, CD1lc—
PE and HLA-DR—PerCP-Cy5.5 for DCs; CD3—APCH7
and CD4—PerCP-Cy5.5 for resting T cells; and CD3, CD4
and CD25—FITC for stimulated T lymphocytes. All pur-
chased from BD Biosciences, San Diego, CA. The stained
cells were washed twice with PBS, fixed with 2% parafor-
maldehyde in PBS. Cells were kept at 4°C and protected
from light until analysis by flow cytometry. The frequency
of positive cells was calculated from lymphocyte gates from
PBMCs and 10,000 events were acquired by size (FSC) and
granularity (SSC) using the BD FACSAria™ III cell-sorter
flow cytometer (BD Biosciences, San Diego, CA). For DC,
at least 20,000 events were acquired and analyzed.
Compensation was made with non-stained and single
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Table 2. SEMA4A rs3738581 SNP allele and genotype frequencies in controls and SLE and RA patients.

Controls SLE RA
SNPs N (%) N (%) p OR 95% Cl N (%) p OR 95% Cl
rs3738581
C 780 (64.3) 596 (55.1) OR =1 434 (55.6) OR =1
T 434 (35.7) 486 (44.9) .000009 OR = 147 1.23-1.73 346 (44.4) .00014 OR = 143 1.19-1.72
C/C 252 (41.5) 156 (28.8) OR =1 121 (31.1) OR =1
) 276 (45.5) 284 (52.5) .0001? OR = 1.66 1.27-2.17 192 (49.2) 011¢ OR = 145 1.1-1.95
T 79 (13) 101 (18.7) .0007° OR = 2.06 1.42-2.99 77 (19.7) .0003¢ OR = 2.03 1.36-3.03
HWE 0.80 0.16 0.95

“Binary logistic regression, adjusted by gender and origin of sample: p=.00018, OR = 1.76, 95% Cl = 1.31-2.36; p-value after Bonferroni correction =.0007.
bBinary logistic regression, adjusted by gender and origin of sample: p =.000053, OR = 2.35, 95% Cl = 1.55-3.55; p-value after Bonferroni correction =.0002.
“Binary logistic regression, adjusted by gender and origin of sample: p=.019, OR = 1.49, 95% Cl = 1.1-2.09; p-value after Bonferroni correction =.076.

dBinary logistic regression, adjusted by gender and origin of sample: p=.0019, OR = 2.07, 95% Cl = 1.31-3.27; p-value after Bonferroni correction =.0076.

SLE: systemic lupus erythematosus; RA: rheumatoid arthritis; p: chi-square test p-value; OR: odds ratio; Cl: confidence interval; HWE: Hardy-Weinberg equilibrium.
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Figure 2. SEMA4A gene expression in 28 healthy controls stratified by geno-
types (T/T genotype: 7 individuals; C/T: 14; C/C:7). The results were normalized
to GAPDH expression. The calculation of 22 was performed for each subject.
Student’s t-test was applied to compare the quantitative expression between
different genotypes.

stained controls. All analyzes were performed by FlowJo
7.5.5 (Tree Star Corporation, Ashland, OR).

All variables were tested for normality of distribution by
means with the Kolmogorov-Smirnov test. Statistical ana-
lysis of data was performed using One-way ANOVA.
Bonferroni’s correction was applied for multiple compari-
sons among individuals stratified by genotypes. Data are
presented as mean fluorescence intensity (MFI) of SEMA4A.
The significance level was set at o=0.05 (two-tailed).
Analyses of data were performed through the SPSS 15.0
Software Inc. (Chicago, IL).

3. Results
3.1. Genotyping study

Genotype distributions were in Hardy-Weinberg equilib-
rium for the assessed SNPs with exception of SEMA4A
rs12401573 in SLE group (p =.04) (Supplementary Table 1).

Considering patients and controls independently of their
geographical origin, we found a significant association of
SEMA4A rs3738581 SNP [C > T] with RA and SLE suscepti-
bility with a statistical power = 1.0 for both groups. The T
allele and C/T and T/T genotypes were significantly more
frequent in SLE (44.9%, p value =.000009, OR = 1.47, 95%

CI = 1.23-1.73; 52.5%, p-value =.0001, OR = 1.66, 95% CI
= 1.27-2.17; and 18.7%, p-value=.0007, OR = 2.06, 95%
CI = 1.42-2.99, respectively) and RA patients (44.4%, p-val-
ue=.00014, OR = 1.43, 95% CI = 1.19-1.72; 49.2%, p-val-
ue=.011, OR = 145, 95% CI = 1.1-1.95; and 19.7%, p-
value =.0003, OR = 2.03, 95% CI = 1.36-3.03, respectively)
than in controls (35.7%, 45.5%, and 13%, respectively).
When we performed a binary logistic regression adjusting
for gender and geographical origin of sample, the associ-
ation between C/T and T/T genotypes and susceptibility to
SLE (p-value =.00018, OR = 1.76, 95% CI = 1.31-2.36; p-
value =.000053, OR = 2.35, 95% CI = 1.55-3.55, respect-
ively) and RA (p-value=.019, OR = 149, 95% CI =
1.1-2.09; p-value=.0019, OR = 2.07, 95% CI = 1.31-3.27,
respectively) remained statistically significant. After applying
Bonferroni’s correction, the associations still remained stat-
istically significant (pBonf<.05) with exception of C/T
genotype for RA group (pBonf=.076). SEMA4A rs3738581
genotype and allele frequencies are shown in Table 2.

When we assessed the influence of SEMA4A polymor-
phisms on SLE and RA clinical and laboratorial features, the
association between T/C and C/C genotypes for rs12401573
SNP [T >C] and hematological alterations in SLE patients
was observed (p-value=.007, OR = 2.01, 95% CI =
1.21-3.32; p-value=.018, OR = 2.09, 95% CI = 1.14-3.84,
respectively) (Supplementary Table 2). Linkage disequilib-
rium was not observed for the studied SEMA4A
polymorphisms.

3.2. SEMA4A expression analyses

To determine whether SLE and RA associated SEMA4A
rs3738581 SNP differentially affects gene expression, we
compared SEMA4A mRNA levels of C/C healthy individuals
with heterozygous (C/T) and homozygous (T/T) individuals
for the risk allele in whole blood cells. Our findings indi-
cated C/T and T/T genotypes do not impact SEMA4A gene
regulation (p-value > .05) (Figure 2). To explore if any
genotype-associated down or upregulation of SEMA4A
could be cell type or stimulus dependent, we evaluated the
in vitro sema4A expression in mature DCs as well as resting
and active T lymphocytes. We found a significantly
increased expression of sema4A on the surface of stimulated
T cells (CD3*CD4"CD25%) from individuals homozygous
for the risk allele when compared to the expression of C/C
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Figure 3. Sema4A production in 28 healthy controls stratified by genotypes (T/
T genotype: 7 individuals; C/T: 14; C/C:7). Data are presented as mean fluores-
cence intensity (MFI) of sema4A. *p-value < .05.

T cells (MFI 682.85+25.03 vs. MFI 217.14 +14.05 respect-
ively, p-value =.04) (Figure 3).

4. Discussion

The development of SLE and RA autoimmunity is related to
both environmental and genetic factors, the latter involving
immune response-related genes variants and differential
expression [20,21]. In this study we evidenced for the first
time an increased sema4A expression in active T cells
related to the SLE and RA-associated polymorphism
rs3738581 [C > T]. The SEMA4A rs3738581 T allele seems
to confer a similar augmented risk for the development of
both RA and SLE when in homozygous condition (OR =
2.07 and 2.35, respectively) with a power of 100%. When
considering SEMA4A SNPs in SLE clinical and laboratorial
manifestations we observed the association between T/C
and C/C genotypes for rs12401573 SNP [T > C] and hema-
tological alterations.

The polymorphism rs3738581 is located within an
intronic region near 3’ UTR of SEMA4A gene, which could
interfere with the binding of miRNAs. In whole blood cells,
we did not observe statistically significant changes in
SEMA4A mRNA expression in heterozygous or homozygous
healthy individuals for rs3738581 risk allele. When we eval-
uated the in vitro sema4A production in mature DCs and T
cells, in nonstimulated and stimulated conditions, to further
explore if any genotype-associated down or upregulation of
SEMA4A could be cell type or stimulus dependent, an
increased sema4A production was observed in active T lym-
phocytes of risk allele homozygous subjects.

Our results are indicative of a T cell-specific upregulation
of sema4A after activation in the presence of T/T genotype.
The risk allele in homozygous individuals may have an
impact on amplified sema4A production in T cells, being a
susceptibility factor for the autoimmunity development. The
specific mechanism by which the sema4A manifests greater
production due to T/T genotype remains unknown.

Studies on the roles of sema4A have observed this mol-
ecule as critical immune regulators in Thl and Th17 differ-
entiation [9]. SLE and RA are inherited as complex traits, in
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which no single gene variant is sufficient to cause disease.
Due to the moderate value of OR, the high risk SEMA4A
allele is not sufficient by itself to result in disease develop-
ment. Rather, increased sema4A levels may contribute to
the pathogenesis of autoimmunity, perhaps by functioning
as an adjuvant, exacerbating Thl and Th17 response.

It is important to point out that increased levels of
sema4A have already been observed in the synovial tissue
and serum of RA patients compared to osteoarthritis.
Further, increased sema4A levels were also correlated with
RA activity [22]. Moreover, as before mentioned, Sandrin-
Garcia et al. [10] observed the upregulation of SEMA4A
gene in active SLE patients. Wang et al. [22] observed the
in vitro upregulated expression of matrix metalloproteinases
and proinflammatory cytokines interleukin-1p and tumour
necrosis factor (TNF)-o through the treatment with human
recombinant sema4A. High levels of metalloproteinases as
well as the pro-inflammatory cytokines IL-1 and TNF-o
have been involved in SLE and RA pathogenesis, revealing
an important role in autoimmunity and inflammation
[23-27]. Sema4A is also considered a player in experimental
autoimmune encephalomyelitis as increased expression of
sema4A was shown to cause neuroinflammation that leads
to demyelination [28]. These findings together with our
results indicate a relationship between altered expression of
sema4A and the beginning of autoimmunity, which may
culminate in the development of autoimmune diseases such
as SLE and RA.

5. Conclusion

In conclusion, our results support a role of SEMA4A gene
in the susceptibility to RA and SLE. To the best of our
knowledge, this is the first association study between
SEMA4A SNPs and RA and SLE. We also showed an impact
of rs3738581 SNP on increased sema4A expression levels
and their potential correlation with SLE and RA develop-
ment and worsening. Further studies in different cohorts
and mechanistic studies are required to confirm and fully
understand the role of SEMA4A in autoimmunity
development.

Disclosure statement

The authors have declared no conflicts of interest.

Funding

This work was supported by the following Brazilian funding agencies:
CAPES (Coordenacao de Aperfeicoamento de Pessoal de Nivel
Superior), CNPq (Conselho Nacional de Desenvolvimento Cientifico e
Tecnoldgico), FAPESP (Fundagao de Amparo a Pesquisa do Estado de
Sao Paulo), FAPERGS (Fundagao de Amparo a Pesquisa do Estado do
Rio Grande do Sul), FACEPE (Fundagao de Amparo a Ciéncia e
Tecnologia de Pernambuco), and FIPE/HCPA (Fundo de Incentivo a
Pesquisa e Eventos do Hospital de Clinicas de Porto Alegre).



70 (&) C.A.J. CAVALCANTI ET AL.

References

(1]

(2]

(5]

(10]

(11]

[12]

[13]

(14]

Kolodkin AL, Matthes DJ, Goodman CS. The semaphorin
genes encode a family of transmembrane and secreted growth
cone guidance molecules. Cell. 1993;75(7):1389-1399.

Gitler AD, Lu MM, Epstein JA. PlexinD1 and semaphorin sig-
naling are required in endothelial cells for cardiovascular devel-
opment. Dev Cell. 2004;7(1):107-116.

Gu C, Rodriguez ER, Reimert DV, et al. Neuropilin-1 conveys
semaphorin and VEGF signaling during neural and cardiovas-
cular development. Dev Cell. 2003;5(1):45-57.

Tomizawa Y, Sekido Y, Kondo M, et al. Inhibition of lung can-
cer cell growth and induction of apoptosis after reexpression of
3p21.3 candidate tumor suppressor gene SEMA3B. Proc Natl
Acad Sci USA. 2001;98(24):13954-13959.

Tse C, Xiang RH, Bracht T, et al. Human Semaphorin 3B
(SEMA3B) located at chromosome 3p21.3 suppresses tumor
formation in an adenocarcinoma cell line. Cancer Res. 2002;
62(2):542-546.

Kikutani H, Suzuki K, Kumanogoh A. Immune semaphorins:
increasing members and their diverse roles. Adv Immunol.
2007;93:121-143.

Eichmann A, Makinen T, Alitalo K. Neural guidance molecules
regulate vascular remodeling and vessel navigation. Genes Dev.
2005;19(9):1013-1021.

Kumanogoh A, Marukawa S, Suzuki K, et al. Class IV sema-
phorin Sema4A enhances T-cell activation and interacts with
Tim-2. Nature. 2002;419(6907):629-633.

Kumanogoh A, Shikina T, Suzuki K, et al. Nonredundant roles
of Sema4A in the immune system: defective T cell priming and
Th1/Th2 regulation in Sema4A-deficient mice. Immunity. 2005;
22(3):305-316.

Sandrin-Garcia P, Junta CM, Fachin AL, et al. Shared and
unique gene expression in systemic lupus erythematosus
depending on disease activity. Ann NY Acad Sci. 2009;1173(1):
493-500.

Kleczynska W, Jakiela B, Plutecka H, et al. Imbalance between
Th17 and regulatory T-cells in systemic lupus erythematosus.
Folia Histochem Cytobiol. 2012;49(4):646-653.

Hochberg MC. Updating the American College of
Rheumatology revised criteria for the classification of systemic
lupus erythematosus. Arthritis Rheum. 1997; 40 (9):1725.

Kay J, Upchurch KS. ACR/EULAR 2010 rheumatoid arthritis
classification criteria. Rheumatology. 2012;6(Suppl):vi5-vi9.
Lahiri DK, Numberger JI. A rapid non-enzymatic method for
the preparation of HMW DNA from blood for RFLP studies.
Nucl Acids Res. 1991;19(19):5444.

(15]

(16]

(17]

(18]

[19]

[20]

[21]

[22]

(23]

(24]

[25]

[26]

[27]

(28]

Cox DG, Canzian F. Genotype transposer: automated genotype
manipulation for  linkage disequilibrium analysis.
Bioinformatics. 2001;17(8):738-739.

Solé X, Guind E, Valls J, et al. SNPStats: a web tool for the ana-
lysis of association studies. Bioinformatics. 2006;22:1928-1929.
Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2(-Delta
DeltaC(T)) method. Methods. 2001;25(4):402-408.

Sallusto F, Lanzavecchia A. Efficient presentation of soluble
antigen by cultured human dendritic cells is maintained by
granulocyte/macrophage colony-stimulating factor plus inter-
leukin 4 and downregulated by tumor necrosis factor alpha. ]
Exp Med. 1994;179(4):1109-1118.

Romani N, Gruner S, Brang D. Proliferating dendritic cell pro-
genitors in human blood. ] Exp Med. 1994;180(1):83-93.

De Azevédo Silva J, Addobbati C, Sandrin-Garcia P, et al.
Systemic lupus erythematosus: old and new susceptibility genes
versus clinical manifestations. Curr Genomics. 2014;15(1):
52-65.

Suzuki A, Yamamoto K. From genetics to functional insights
into rheumatoid arthritis. Clin Exp Rheumatol. 2015;33(4 Suppl
92):540-543.

Wang L, Song G, Zheng Y, et al. Expression of Semaphorin 4A
and its potential role in rheumatoid arthritis. Arthritis Res
Ther. 2015;17(1):227.

Joosten LA, Helsen MM, Saxne T, et al. IL-1 alpha beta block-
ade prevents cartilage and bone destruction in murine type II
collagen-induced arthritis, whereas TNF-alpha blockade only
ameliorates  joint inflammation. ] Immunol. 1999;163:
5049-5055.

Gheita TA, Abdel Rehim DM, Kenawy SA, et al. Clinical sig-
nificance of matrix metalloproteinase-3 in systemic lupus eryth-
ematosus patients: a potential biomarker for disease activity
and damage. Acta Reumatol Port. 2015;40(2):145-149.

Klein T, Bischoff R. Physiology and pathophysiology of matrix
metalloproteases. Amino Acids. 2011;41(2):271-290.

Postal M, Lapa AT, Sinicato NA, et al. Depressive symptoms
are associated with tumor necrosis factor alpha in systemic
lupus erythematosus. ] Neuroinflammation. 2016;13(1):5.
Moelants EA, Mortier A, Van Damme J, et al. Regulation of
TNF-o with a focus on rheumatoid arthritis. Immunol Cell
Biol. 2013;91(6):393-401.

Chakravarti S, Sabatos CA, Xiao S, et al. TIM-2 regulates T
helper type 2 responses and autoimmunity. ] Exp Med. 2005;
202(3):437-444.



	Abstract
	Introduction
	Material and methods
	SEMA4A genotyping study
	Subjects
	DNA isolation
	SNPs selection and gene genotyping
	Statistical analysis

	SEMA4 mRNA and protein expression assays
	Subjects
	Whole blood RNA extraction and cDNA synthesis
	mRNA expression analysis
	Cells culture and immunophenotype analysis


	Results
	Genotyping study
	SEMA4A expression analyses

	Discussion
	Conclusion
	Disclosure statement
	References


