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Abstract

Background: Autoimmune diseases are syndromes characterized by an immune response against self-antigens.
They are complex pathologies associated with a variety of genetic determinants, but these genes cannot fully
explain the aetiology of autoimmune disorders. lkaros is a transcription factor that plays a major role in lymphoid
differentiation.

Methods: In this study, we characterized the expression profiles of lkaros isoforms by quantifying the interexonic
regions of patients diagnosed with Sjogren’s syndrome, systemic lupus erythaematosus, systemic sclerosis and
rheumatoid arthritis in RNA extracted from peripheral blood. REST software was used for relative quantification and
Hierarchical clustering analysis was performed using Cluster and TreeView.

Results: The expression of Ikaros was altered in all diseases examined. Significant differences were found in all of
the interexonic regions between the comparison groups. Decreased expression of the IE3-4, 4-5 and 5-6 regions
in all of the autoimmune pathologies was associated with the presence of dominant negative isoforms. Differences
in the expression of several exons in rheumatoid arthritis and systemic lupus erythaematosus indicated the
presence of different isoforms, which could serve as biomarkers for these diseases.

Conclusion: This study is the first conducted in Latinamerica that sought to determine the relationship between
lkaros and autoimmune diseases and is the first description of Ikaros in patients with rheumatoid arthritis, Sjogren'’s
syndrome and systemic sclerosis. Furthermore, we confirmed that /karos expression is altered in systemic lupus
erythaematosus.
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Significance & innovation which generate tissue damage [1]. Overall, these diseases
1. It is a pioneering study in relating the Ikaros family =~ occur in 3 to 5% of the population, with an incidence of 90
to autoimmune diseases. cases per 100,000 people. They occur more frequently in

2. For the first time the Ikaros gene is used to women and may appear at any life stage [2]. In the present
discriminate autoimmune diseases. study, we analysed the expression of Ikaros, an important

3. We describe a simple method that can help regulator of immune function, in four systemic diseases:
diagnose and monitor diseases. rheumatoid arthritis (RA), systemic lupus erythaematosus
(SLE), Sjogren’s syndrome (SS) and systemic sclerosis (SSc).

Background AIDs are complex diseases with environmental and

Autoimmune diseases (AIDs) are clinical syndromes caused polygenic components. Environmental factors have been
by the loss of immunological tolerance that are character- ~ associated with the development of AID, such as smoking;
ized by the production of antibodies against self-antigens,  drugs; exposure to UV radiation, different chemicals or in-
fectious agents; and hormonal factors [3—6]. The most im-
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coding for HLA DR [7-9]. However, these genes cannot
explain the aetiology of all types of AID.

Ikaros is the key member of a family of transcription
factors involved in lymphopoiesis. Ikaros is characterized
by two domains comprising highly conserved zinc fin-
gers [10]. The first domain binds to specific DNA se-
quences depending on how many zinc fingers contains
by alternative splicing [11]. The high level of alternative
splicing can generate multiple isoforms from each gene,
including isoforms that arise from non-canonical spli-
cing due to insertions and deletions [12—14]. Some of
these, such as Ik6, act as dominant negative (DN) iso-
forms and have been associated with certain haemato-
logical pathologies [15-17]. These isoforms can kidnap
functional isoforms (Ik1, Ik2, Ik3, etc.) in the cytoplasm,
inhibiting their action on its target genes and thus
restricting their role as transcription factors [18].

Ikaros plays a fundamental role in the differentiation
of haematopoietic stem cells into lymphoid lineages [19],
but, the relationships between the presence of dominant
negative isoforms and different types of haematological
neoplasias have been described, suggesting that Ikaros
plays an important role as a tumour supressor [20—22].
The function of Ikaros in proper lymphocyte maturation
and interferon production [23-25] clearly indicate that it
could play an important role in the origin of auto-
immune diseases, as it does in the development of leu-
kaemias. However, members of the Ikaros transcription
factor family are not currently used as susceptibility
and/or diagnostic markers because of their numerous
isoforms and expression level variations as well as the
technical difficulties associated with obtaining quantita-
tive data. The correlations found in different studies be-
tween the overexpression of dominant negative isoforms
and different types of leukaemias were determined using
RT-PCR, agarose gel electrophoresis and subsequent
sequencing of fragments of interest [15, 16, 26-28]. Al-
though these kinds of studies provide information about
the expression of specific isoforms, they cannot elucidate
complete gene expression patterns for different types of
diseases [29].

Given the technical inability to obtain real quantitative
data for the expression levels of all Ikaros isoforms, a dif-
ferent protocol was used to characterize the expression
profile of each interexon based on qRT-PCR. Though this
method does not provide accurate information about each
isoform, qualitative changes in gene expression can be ob-
served and associated with a profile, which can then be
linked to a disease. The use of this technique in a previous
study allowed different types of haematological malignan-
cies to be distinguished, demonstrating that the expression
of Ikaros is disease-specific [21].

In this study, we characterized the expression profiles
of the exons of the Ikaros gene in Whole blood samples
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from patients diagnosed with Sjogren’s syndrome, systemic
lupus erythaematosus, systemic sclerosis and rheumatoid
arthritis by qRT-PCR. This method could be of great diag-
nostic and monitoring value for these diseases.

Material and methods

Individuals and samples

One hundred eighty individuals of both sexes who were
diagnosed in the Rheumatology Department at the Hos-
pital Fundacién Santa Fe de Bogota with rheumatoid
arthritis (RA; 47), systemic lupus erythaematosus (SLE;
26), systemic sclerosis (SSc; 43) or Sjogren’s syndrome
(SS; 25) and were in the active stage of their disease were
included in this study. Thirty-nine healthy controls
were established in the same age range (Table 1). We
excluded patients who had undergone organ trans-
plantation (including bone marrow), had any type of
cancer, were pregnant or were diagnosed with other
autoimmune diseases.

RNA extraction and cDNA synthesis

Peripheral blood samples were taken after each patient
signed the informed consent form approved by the eth-
ics committees at the Universidad de los Andes (Act No.
176 approved under resolution No. 008430 of 1993 of
the Ministry of Health). RNA extraction was performed
using whole blood, following the protocol of the manufac-
turer for the TRIzol reagent (Invitrogen). RNA quality and
integrity were analysed through quantification by spectro-
photometry. Only samples with ODy40/OD,gy ratios be-
tween 1.8-2.0 were used for reverse transcription. cDNA
was synthesized from 1 pug of RNA following the protocol
of the ImProm-II Reverse Transcription System (Promega).
¢DNA was quantified spectrophotometrically.

Quantitative RT-PCR (qRT-PCR)

Several Ikaros isoforms that were previously cloned
into plasmids and digested were used to standardize
the qRT-PCR method and to construct standard
curves. Appropriate efficiencies in the range of 90—
110% (R* = 0.996) were obtained using serial dilutions
(25, 50, 100 and 200 ng) of these cloned isoforms to
confirm the reproducibility of our data.

Table 1 Patients and controls included in this study

Controls RA SLE SS SSc

N 39 47 26 25 43

Age (years) 46.1 55.1 39.7 579 519
(22-79) (24-77) (19-63) (33-80) (20-80)

Female 23 40 23 25 41
(59%) (85.1%) (88.5%) (100%) (95.3%)

RA rheumatoid arthritis, SSc systemic sclerosis, SLE systemic lupus
erythaematosus, SS Sjogren’s syndrome
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The efficiency of the qRT-PCR method was also moni-
tored in every experiment using standard curves from
the different PCRs randomly. This efficiency and the nor-
malized gene values were calculated for each of the
qRT-PCR assemblies. To assess the specificity of the
primers and the qRT-PCR method, we studied the melting
curve of each amplicon with cloned material, which
proved that the qRT-PCR was specific (data not shown)
[30, 31]. The glyceraldehyde 3-phosphate dehydrogenase
gene (GAPDH) was used for normalization of the
qRT-PCR data. The mean threshold cycle (Ct) for GAPDH
was 27.42 + 1.35, very robust data for an internal control.

The PCRs were performed with primers designed in
interexonic region 2-3 (2F 5'- GATCCCCGAGGACC
TCTC-3’, and 3R, 5'- CGTAAATCCTCCGCACATT
C-3"), interexon 3-4 (3F, 5'- TGTGATATCTGTGGGAT
CATTTG-3, and 4R, 5'- GGAATGCAGCTTGATGTG
C-3’), interexon 4-5 (4F, 5'- CCCTTCAAATGCCACCT
CT-3’, and 5R, 5'- GCAGCGCTCTTTATGTTCCT-3"),
interexon 5-6 (5F, 5'- GGCGACGTTACTTGCTAGT
CT-3’, and 6R, 5-GGCGACGTTACTTGCTAGTCT-3’)
and interexon 6—7 (6F, 5-AGCAAGTAACGTCGCCAAA
C-3', and 7R, 5- CGTTGTTGATGGCTTGGTC-3’)
(Fig. 1). We designed forward primers at the end and re-
verse primers at the beginning of each exon. Interexon 1-
2 was not considered because no splicing variants have
been reported in this region. The primers were designed
based on the Ikaros sequence BT009836.1 obtained from
the National Center for Biotechnology Information
(NCBI) GenBank database. Some of the primer parame-
ters, such as the primer affinity for the target sequence,
annealing temperature and specificity between pairs, were
assessed using the web program IDT SciTools Primer-
Quest SM (www.idtdna.com).

The experiments were conducted using a 7500 Fast
Real-Time PCR instrument (Applied Biosystems). Detec-
tion of the amplicons was evaluated with the Power
SYBR® Green PCR Master Mix (Applied Biosystems).
The standard protocol was conducted according to the
manufacturer instructions as follows: activation of the
enzyme at 95 °C for 10 min and 40 cycles of denaturation
at 95°C for 15s and annealing and extension at 55°C
for 1 min. The melting curve was standardized with the
following parameters: temperature range of 65-95°C
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with temperature increases in 0.5°C increments and
measurements in 3-min intervals.

Statistical analysis

Relative quantitation and standardization was performed
with the software REST 2009 version 2.0.13, which is based
on the AACt method and incorporates the PCR efficiency
information [32, 33]. The patient samples were paired with
controls by sex and age range. Statistical tests were con-
ducted using the “R” statistical package version 3.3.1. The
assessment of data normality was determined with the
Shapiro-Wilk test, followed by the nonparametric methods
of Kruskal-Wallis and Dunn multiple comparison tests for
expression level comparisons. The Wilcoxon test was used
to compare the expression levels with patient sex. Inter-
exon expression differences were determined to be signifi-
cant at p-values less than 0.05.

For the hierarchical clustering analysis, a logarithmic
(base 2) transformation was performed for the expres-
sion and non-canonical splicing data, which were ana-
lysed with the Cluster 3.0 (Clustering Library 1.5)
program using the following parameters: similarity mea-
sures, absolute correlation decentralized and complete
linkage method. Java TreeView 1.1.6r2 software was used
to visualize the results.

Results

The expression of Ikaros interexonic regions in AlDs
When we analysed the expression of the Ikaros interexonic
regions, significant differences were observed in regions
IE2-3 (x* = 16.5; p < 0.01), [E3—4 (x° = 17.1; p < 0.01), IE4—5
(*® = 32.8; p < 0.0001) and IE6—7 (x* = 30.8; p < 0.0001). The
Kruskal-Wallis analysis showed that there was a significant
difference between at least two groups of comparisons
in the expression level of each interexon, except for
region IE5-6.

These results were confirmed by comparing each dis-
ease in pairs. The expression of IE2—3 was characteristic
and significantly higher in RA patients compared to the
other pathologies and controls (Fig. 2a). For IE3—4, indi-
viduals diagnosed with SLE had lower levels and individ-
uals with RA had the highest expression levels of this
region with respect to the controls and SLE and SS pa-
tients, and the differences were significant in both cases

presence of non-canonical splicings
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IE2-3 IE3-4 IE4-5 IE5-6 IE6-7

Fig. 1 Diagram of the location of the primers and the amplified regions in each PCR. Each PCR was designed between the final part of the
preceding exon and the initial part of the next one. This design allows to avoid genomic contamination and also gives us information about the
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Fig. 2 Expression level of every interexon (IK) in the assessed pathologies: inter-exon 2-3 (a), inter-exon 3-4 (b), inter-exon 4-5 (c), inter-exon 5-6
(d) and inter-exon 6-7 (e). RA, rheumatoid arthritis; SSc, systemic sclerosis; SLE, systemic lupus erythaematosus; SS, Sjogren’s syndrome. * p < 0.05,
**p <001, **p <0.001, ***p < 0.0001

(Fig. 2b). No difference was found between the RA and
SSc individuals.

For interexon 4-5, an important region for the DNA
binding domain (DBD), we observed a higher expression
level in the controls than in patients. This finding was re-
lated to the presence of DN isoforms with non-functional

DBDs. SS was the only disease that was not significantly
different from the controls (Fig. 2¢).

For interexonic region 5-6, similar expression levels
were observed between all of the disease groups and the
controls, indicating that this region may not be involved
in these pathologies (Fig. 2d).
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For interexon 6-7, we found higher expression levels
in individuals with RA and the lowest expression levels
in SLE patients compared with other pathologies and
controls, and the differences were significant in both
cases (Fig. 2e), which may suggest that Ikaros has an al-
tered the carboxyl terminus in patients with SLE that
could affect its interaction with other proteins and/or
transcription factors.

Detection of splicing variants

Detection of non-canonical splicing was performed by
melting curve dissociation. Unlike in leukaemias [21],
non-canonical splicing was frequent in the AIDs exam-
ined (28% of the samples present non-canonical spli-
cing). A curve of an interexonic region with two or
more peaks indicates the presence of different amplicons
or isoforms generated by non-canonical splicing, and we
would thus expect certain insertions or deletions. In all
of the pathologies, there were cases that showed two melt-
ing peaks for interexons IE2-3, IE3-4, IE5-6 and 1IE6-7,
indicating the presence of isoforms with splicing variants
for all of the Ikaros exons. In addition, we detected three
melting peaks for IE2-3 in a patient with SS and for IE3—
4 in 5 patients, 4 with RA and 1 with SSc, which suggests
the existence of three possible isoform variants in these
regions (Fig. 3 and Additional file 1: Table S1).

In rheumatoid arthritis and systemic Sclerosis pa-
tients, higher levels of isoforms (64.9%) generated by
non-canonical splicing were detected, with the majority
of the variants occurring in interexons IE2-3 and IE3-4
(Fig. 3 and Additional file 1: Table S1). These variants in-
volved exons encoding the DNA binding domain and, in

B 1 peak

2 peaks [l 3 peaks

100 %

75 %

50 %

25 %

0%
Controls RA SLE SSc

Fig. 3 Percentage of splicing variants detected in each exon. Most
of the samples present canonic splicing (72% of all splicing).
However, there is a 26% of cases in which two peaks are found. This
phenomenon, with the standardized technique, is associated with
the presence of non-canonical splicing. This percentage is especially
important in the 13-4, IE5-6 and IE6-7 regions. Triple peaks were
also detected in a total of 10 samples (Additional file 1: Table S1)

SS Total
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the case of splicing between exons 6 and 7, exons in
the dimerization domain of the transcription factor, which
may be relevant in these diseases.

The control group individuals also had more than one
peak for all of the interexonic regions except for IE4-5,
which mostly corresponded to IE2—3 (22 cases). Further-
more, three melting peaks were detected for IE3—4 in 4
control individuals (Fig. 3 and Additional file 1: Table S1).
These splice variants may result in functional Ikaros iso-
forms for those observed in the 2-3 region; conversely,
the IE3—4, IE5—6 and IE6-7 variants could be susceptibil-
ity variants, but the individuals who harbour them may
not have developed a disease yet.

Expression profile of each pathology

The expression patterns of all of the Ikaros interexons
were analysed together for the pathologies and for the
control group. The control group had a very homoge-
neous profile with an equal proportion of expression for
each region, mainly reflecting the presence of complete
and functional isoforms. (Fig. 4a).

RA and SS patients had higher overall expression
levels, which were accompanied by a higher proportion
of DN isoforms. This presence of DN isoforms was espe-
cially important in RA, where a very characteristic pro-
file was observed with exaggerated expression and the
presence of isoforms lacking regions IE3-4, IE4-5
and I[E5-6. Meanwhile, SLE and SSc individuals had
lower overall expression and a more balanced profile,
with a minimum of DN isoforms. SLE patients had
the greatest presence of functional isoforms, indicat-
ing that lack of Ikaros expression may be the possible
cause of this disease and not an imbalance of iso-
forms (Fig. 4a).

For a complete profile of Ikaros expression, the patients
and controls were clustered, and the expression level of
each interexonic region and the presence or absence of
non-canonical splicing were considered. Although the dis-
ease groups could not be clearly differentiated from each
other, three clusters were apparent (Fig. 4b). The first
cluster comprised predominantly RA patients, who had
higher expression levels of Ikaros and higher numbers
of DN isoforms. The second group was characterized
by homogeneous expression and was composed of the
controls and the SSc and SS patients. The final cluster
contained SLE samples, which had lower expression
levels of Ikaros (Fig. 4b).

Expression levels of Ikaros interexonic regions according
to sex

Given that autoimmune diseases are more common in
women, we determined whether there were any differ-
ences between the expression levels of the distinct inter-
exonic regions and the sex of the patients. The only
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significant difference in expression levels between the con-
trols and patients with autoimmune diseases was in the
IE4-5 region, which showed low expression in men and
women with AIDs (Fig. 5 and Additional file 2: Figure S2).

The analysis by disease showed that expression
levels were increased in men diagnosed with RA
and SLE compared to women (Fig. 5a, b). The ex-
pression patterns of patients with SSc were similar,
but women had higher expression levels. (Fig. 5c).
The only significant differences in the expression
levels according to sex were for IE2-3 in patients
diagnosed with RA (p =0.003) and for IE5-6 in pa-
tients with SLE (p =0.026); no significant differences
were found for individuals diagnosed with SSc. This
analysis was not possible for the patients with SS as
all of these individuals were female.

Discussion

This study is the first in Latin America to determine the
relationship between Ikaros and autoimmune diseases
using a different methodological approach. The expres-
sion of Ikaros, almost exclusively in lymphoid line in the
peripheral blood, makes any kind of purification un-
necessary and facilitates the implementation of this tech-
nique in a simple and effective way. The technique in
the present study, which was standardized by Orozco et
al. (2013) for haematological malignancies, showed that
there were differences in the expression levels of Ikaros
between individuals in the control group and those with
different AID pathologies. Moreover, these differences
were not only in terms of overall expression but also in-
cluded clear differences in the distribution of isoforms in
each of the diseases. These differences indicate that a
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specific Ikaros profile exists for each disease. Further
studies are needed to define the role of Ikaros as a cause
or effect of disease development, but our data clearly
show its value as a biomarker for some of these diseases
(Fig. 2 and Additional file 3: Figure S1).

In 2009, the Ikaros transcription factor was established
as a new susceptibility gene for SLE through a GWAS
study (Genome-wide association study) in a Chinese
population, and it was identified as risk loci for Asian and
Caucasian populations [34-39]. Before this study, there
was no indication of the relationship between the Ikaros
family and these diseases, although its role in lymphoid
development made the connection somewhat plausible.

The methodology used in this study for the indirect
quantification of isoforms has allowed us to corroborate
alterations in the expression of Ikaros in SLE [40]. In
this case, we not only confirmed that this disease is
characterized by a low level of Ikaros expression but also
demonstrated that, unlike other diseases, including
haematological malignancies, there was not a significant
presence of dominant negative isoforms in SLE. This
difference may indicate that the molecular alteration is
different and is based on promoter regulation, whereas
the alternative splicing system seems to be altered in
other diseases for reasons that are still unknown.

For other autoimmune diseases such as RA, SS and SSc,
no association with Ikaros have been reported; thus, our
study is the first to describe alterations in the expression

of Ikaros. At this point, it should be noted that great
differences were found in RA, and as IE3—4 or IE6-7 in
SLE, the expression of IE2-3 or IE6-7 was sufficient to
differentiate these diseases from the other diseases and
the controls (Fig. 2 and Additional file 3: Figure S1).

The study of the IE4-5 region is particularly interest-
ing in both autoimmune diseases and haematological tu-
mours. This region is essential in the Ikaros protein
structure because exons 4 and 5 contain three of the
four zinc fingers motifs that comprise the DNA binding
domain of the protein. For this reason, the lack of ex-
pression of this region is directly associated with the
presence of dominant negative isoforms of Ikaros. The
expression of a dominant negative isoform was charac-
terized in murine models in a study by Wojcik et al.
(2009) in which Ik-7 (DN) led to lymphocyte deregula-
tion even in presence of functional isoforms, such as
Ik-1 and Ik-3, resulting in a characteristic autoimmune
disease phenotype. In this case, the decreased function
of lkaros and the presence of dominant negative iso-
forms on B cells did not result in leukaemia, likely due
to activation of the Notch signalling pathway, which
regulates T cell development and proliferation, in the
presence of reduced Ikaros activity [41].

Our results showed a clear decrease in the expression
of the IE4-5 region in all of the diseases; however, these
results must be analysed in conjunction with those of
the remaining exons. Thus, only the RA samples showed
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a clear presence of DN isoforms, while those of the SS
and SSc patients were not substantially different from the
controls. Conversely, the minimal expression of IE4-5 in
individuals with SLE was associated with a general lack of
expression and not the presence of DN isoforms (Fig. 4).

For the splicing variants, the two and three peak pro-
files detected in the [E2-3, IE3—4, IE5-6 and IE6-7 re-
gions with the melting curve analysis indicated the
presence of different non-canonical isoforms involving
exons 3, 4 and 5 of the DNA binding domain, which
could correspond to dominant negative isoforms (espe-
cially the IE3—4 variants). This non-canonical splicing
could due to insertions and/or deletions that result in
isoforms already known, such as IK1+ [13, 14], which
has an insertion between exon 2 and 3, or IK1- [15],
whose deletion at the 3" end of exon 6 produces a trun-
cated isoform. Moreover, variants in exons 6 and 7 could
affect the domain that interacts with other proteins.

In control group individuals, the detected IE2-3 vari-
ants may be functional isoforms, as is the case with the
single nucleotide variant (SNV) that harbours a change
of G to T in position 501 (rs4917014) of the Ikaros DNA
sequence and is considered a protector factor associated
with IK-1 and IK-2 isoforms. The interaction of
rs4917014 with other SNVs is believed to counteract its
negative effects, reducing the risk of SLE [42]. IE3—4 and
IE5-6 variants could be susceptibility variants, but the
individuals who harbour them may not have developed
an autoimmune disease yet or may not have demon-
strated clear signs and symptoms of an AID yet. They
may also correspond to SNVs that lead to non-germ
constituent deletions of Ikaros exons 4 and 5, which
have been previously reported in healthy populations
[43], or Ikaros variants associated with other pathologies
that have not been detected in these individuals, such as
primary immunodeficiencies characterized by hypogam-
maglobulinemia and decreased B cell counts [43, 44]. In
all of these cases, sequence-based studies that provide
more detailed information about the insertions and/or
deletions that occur in these diseases is needed.

Definitive conclusions could not be drawn regarding
gene expression differences according to sex due to the
low proportion of men in this study. However, curiously,
the profiles of RA and SLE were clearly defined by one
of the two sexes. For RA, men had profiles characterized
by the high expression and abundance of DN isoforms;
in SLE, women demonstrated a lack of total Ikaros ex-
pression with the disease. These findings are important
because they indicate that including sex in any future
nomogram that contains Ikaros as a predictive value of a
disease is critical.

Although the role of Ikaros has been studied in cancer
for a long time, for autoimmune diseases, data regarding
the Aiolos gene are more prevalent. The deregulation of

(2018) 3:11
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Aiolos appears to cause autoimmune effects, which lead
to the formation of autoreactive lymphocytes that can
deleteriously affect the organism. Aiolos is normally
expressed at high levels in mature B cells, and Aiolos-de-
ficient adult mice developed glomerulonephritis medi-
ated by immune complex formation in the kidney,
which is characteristic of systemic lupus erythaematosus
[45]. These mice had elevated serum levels of IgG and
IgE, and their B lymphocytes exhibited surface markers
that indicate cellular activity and the spontaneous pro-
duction of autoantibodies, such as anti-DNA, which are
common in SLE [46].

The importance of Aiolos and Helios in the develop-
ment of AIDs necessitates their inclusion in expression
analyses, which will provide more information on the
molecular mechanisms of these diseases and allow better
discrimination between groups of pathologies, thus cre-
ating specific and complete expression profiles.

Conclusion

This study is the first conducted in Latinamerica that
sought to determine the relationship between Ikaros and
autoimmune diseases and is the first description of
Ikaros in patients with rheumatoid arthritis, Sjogren’s
syndrome and systemic sclerosis. Furthermore, we con-
firmed that Ikaros expression is altered in systemic lupus
erythaematosus. The use of interexonic PCR for the
Ikaros gene allows the creation of distinctive expression
profiles for some of the pathologies studied.
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