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ABSTRACT: Systemic lupus erythematosus (SLE) is a systemic autoimmune disease characterized by the production of autoantibodies against self-

antigens, which occurs most often in women between 15 and 40 years of age. The innate immunity is involved in the pathogenesis of SLE through TLR-

7. Genetic factors such as copy number variation (CNV) of target genes may contribute to disease development, but this possible risk has not yet been

studied in SLE patients from Yucatan, Mexico. The CNV of TLR-7 gene was determined by quantitative polymerase chain reaction assay using TagMan

probes in 80 SLE women and 150 control subjects. The results showed that 10% of SLE patients exhibited more than two copies of 7LR-7 gene, whereas

no mRNA overexpression was detected. These data suggested that increased CNV of the 7LR-7 gene in Yucatan SLE women can be a risk factor for

this disease.
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Introduction

Systemic lupus erythematosus (SLE) is a prototype autoim-
mune disease with diverse clinical manifestations and is char-
acterized by the presence of various autoantibodies against
self-components, especially double-strand DNA (dsDNA)
and RNA-binding nuclear proteins.! A female to male ratio
of 9:1 in 80-90% of cases suggests that sex-related factors are
important in the development of disease.?3 The etiology of
SLE is considered multifactorial involving multiple genes and
environmental factors such as infections, hormones, UV light,
and drugs.*® Immune system abnormalities also contribute

to the pathogenesis of SLE; including abnormal clearance of
apoptotic cells and immune complexes, the over production of
type I interferon (IFN), the reduced B- and T-cell activation,
and the production of autoantibodies against self-antigens.”!

'The incidence of female patients with SLE varies accord-
ing to the population studied; in Europe, the variation is
between 3.6 (Spain, north countries) and 5.8 (Iceland), and
in United States, between 2.5 (Rochester, Minnesota) and
8.2 (rural Wisconsin area) per 100,000 inhabitants.!>!2 In
Mexico, SLE affects between 50,000 and 100,000 inhabit-

ants, 90% are women between 20 and 45 years of age, with
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a prevalence of 0.06% and an incidence of 1.8-7.6/100.000
inhabitants, but no epidemiological data on SLE in Yucatan
are available. 13715

'The involvement of innate immunity through TLRs has
been implicated in the pathogenesis of SLE.!¢ The TLRs rec-
ognize pathogen-associated molecular patterns (PAMPs) and
endogenous ligands known as damage-associated molecular
patterns (DAMPs) released by cells undergoing either apop-
tosis or necrosis.'”'® Genomic DNA is not accessible to the
immune system under standard conditions; however, when
cells die through apoptosis, apoptotic bodies containing frag-
mented material and abnormal antigens circulate in the body
enabling the immune systems to access new epitopes.!” Altera-
tions in apoptosis and defective removal of apoptotic cells by
phagocytes induce the release and exposure of self-antigens
and neoepitopes that activate antigen-presenting cells (APCs),
T and B cells, generating both autoantibodies and immune
complexes.?0722

SLE patients show an increase in apoptosis releasing
genetic material (DNA and RNA) that can be recognized
by TLRs. Moreover, most patients show an increase in the
expression of regulatory genes of interferon (IFN) type I,
mediated by the participation of TLR-7 and TLR-9, which
recognize RNA and DNA, respectively.?*?* Dendritic cells,
activated by immune complexes containing nucleic acids,
are internalized by the FcyRIIA (Fe-gamma receptor 1IA)
to reach the endosome and activating transcription factors
(IRF-5/7) inducing a massive production of IFN-q.2>2¢

Located at Xp22.2, TLR-7 (OMIM no. 300365) encodes
proteins that play critical roles in pathogen recognition and
activation of innate immunity.?” The TLR-7 recognizes endog-
enous RNA-containing self antigens and induces the expres-
sion of type I IFN, a pivotal cytokine in the pathogenesis of
SLE.? Studies in BXSB mice, which develop an autoimmune
phenotype similar to human SLE, led to the discovery of a
locus Y-linked accelerator called Yaa (autoimmune acceleration
linked to Y). 'This factor makes male mice show a severe con-
dition due to a species-dependent translocation of the telo-
meric end of the X chromosome containing the 7LR-7 gene
to chromosome Y.? The increased CNV of TLR-7 gene prob-
ably intensifies the autoimmune response to nuclear material.

Several studies to identify genetic factors involved in the
development of SLE.3-3% The role of CNV of genes is cur-
rently the topic of intense research in the genetics of SLE. The
CNVs can arise either when a complete gene or gene segment
had been duplicated or when a gene is abnormally absent.
Additional copies of genes may contribute to the overexpres-
sion of the proteins and the suppression of a gene can lead to a

deficiency, both results have functional consequences.>*%

The CNV of TLR-7 gene have been examined in SLE.
Kelly et al studied whether an increase in the copy number
of TLR-7 gene in SLE patients could influence the autoan-
tibody profiles. They examined the relative copy number of
TLR-7 gene from 50 Caucasian and 49 African-American

SLE patients (55 women and 44 men) and 91 sex and eth-
nicity-matched healthy control subjects. Their results found a
variation of copy number of 7LR-7 gene in both SLE patients
and healthy controls, but no significant association was
detected related to the autoantibody profile in SLE patients.3¢

In the northern region of Mexico, the CNV of TLR-7
gene was associated with the childhood onset of the disease.’
'The results indicated a significant increase in the copy number
of TLR-7 gene in SLE women when compared with control
ones, and showed increased association (OR = 6.61) in female
than in male patients (OR = 3.07). These data suggested that
increasing the copy number of 7LR-7 gene can be a risk fac-
tor for the disease in the Mexican population. These results
also support the role of TLR-7 and the X-linked susceptibil-
ity in SLE pathogenesis. However, the Maya population from
the state of Yucatan has not yet been studied. Our objective
was to determine the copy number of TLR-7 gene in SLE
women and its association with the development of disease in
a Mayan population in Yucatan Mexico.

Materials and Methods

Selection of the Mayan and Mayan Mestizo ethnics.
Both SLE and control group were selected using the anthro-
pologic and demographic parameters such as language, birth
place, surnames, genealogy, and history of lifestyle. The ethnic
group of Mayan Mestizo, defined as individuals born in the
country having a Spanish-derived last name, with Mexican
ancestors back at least to the third generation was included
in the research. The second criterion for selection was that
at least one parent was born in Yucatan for two generations
including their own. In addition, we determined the absence
of substructure or population stratification within the popula-
tion of Yucatan by using 16 autosomal short tandem reagents
(STR) markers, which may represent a confounder.

Eighty Yucatan Mayan SLE women were recruited at
the Rheumatology outpatient of the Agustin O’Hordn Hos-
pital, Mérida. Diagnosis of SLE was established according
the American College of Rheumatology criteria and disease
activity was evaluated by SLEDAI score.?*=*! The control
group was formed by 150 healthy Yucatan women volunteers.
Subjects with a chronic or degenerative disease, such as dia-
betes mellitus type 2, obesity, or hypertension, were excluded.
Informed consent was obtained from all the participants
according to the Helsinki Declaration recommendations.
'The study was approved by the Ethics Committee of Agustin
O’Horan Hospital. Confidentiality of participants was strictly
maintained.

DNA and RNA extraction. Venous peripheral blood
samples (5 mL) were collected in EDTA tubes from each
patient and control subject. Genomic DNA was extracted by
the method of Bounce* and the RNA extraction was per-
formed using the PAXgene kit. The DNA and RNA obtained
were quantified at 260 and 280 nm using the computer-Nano
BioSpec (Shimadzu).
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Determination of the copy number of TLR-7 gene by
real-time quantitative polymerase chain reaction assay.
The copy number of 7LR-7 gene was carried out using the
TagMan probes (Assay-by-Design, ID: Hs00226289_cn) for
TLR-7 (Applied Biosystems, Foster City, CA), according to
the protocol described by Kelly et al.*® Thermal cycling condi-
tions consisted of initial denaturation at 95°C for 10 minutes,
tollowed by 50 cycles at 95°C for 15 seconds each and at 60°C
for one minute each. The differences in DNA concentration
between samples were normalized against RNase P as house-
keeping gene. The reactions were conducted in triplicate using
10 ng of DNA on the OneStep Applied Biosystems thermocy-
cler and calculations were performed using the 2*“t method.*
'This method calculates the difference in cycle thresholds (the
number of polymerase chain reaction (PCR) cycles required
to produce a set of fixed thresholds) between the gene of inter-
est and the housekeeping gene (ACY). Subsequent calculations
normalized the AC, of each sample to a calibrator (DNA with
2 copies of TLR-7 gene) that was assigned a relative expres-
sion value of 1.00 (AACY). Assuming that the amount of PCR
product doubled with each successive PCR cycle, calculating
the 27t value will provide the relative amount of DNA ini-
tially available for amplification in each quantitative PCR run.
Therefore, the 27Ct method revealed differences in the rela-
tive gene copy numbers between the samples tested.** A range
for each expression value was calculated based on the standard
deviations of the AAC! value, where 2-("Ct*5) was the lower
limit and 27("¢t~*) was the upper one.

mRNA expression of TLR-7. The reverse transcription
(RT) reaction was performed to obtain cDNA from 30 ng
of RNA wusing the QuantiTect® Whole Transcriptome
kit. Reactions by real-time quantitative of RT-PCR were
conducted in triplicate using 100 ng of ¢cDNA, using Taq-
Man probes (Hs01933259_s1) (Applied Biosystems, Foster
City, CA) in the OneStep Applied Biosystems thermocy-
cler. The estimation of the expression was performed by the

27C method previously described, using a calibrator cDNA

(mRNA expression constant of TLR-7), and the 185 rRNA as
housekeeping gene.

Statistical analysis. The non-parametric Mann-Whitney
U-test was used to compare the distribution of the relative
TLR-7 copy number between the cases and controls group.
ORs with 95% CI were calculated by logistic regression models
using STATA 10.2 software, using absolute TLR-7 gene copy
number. Paired #test was used to assess the difference of expres-
sion of mRNA between SLE patients and control subjects. The
Spearman correlation coefficient rank test using the GraphPad
Prism 5.0 software (GraphPad, San Diego, CA, USA) was used
to determine the correlation between 7'LR-7 relative copy num-

ber with the mRNA expression of TLR-7 (p < 0.05).

Results
The study is the first record of the determination of the vari-
ability of copy number of TLR-7 gene in women with SLE of

the Mayan and Mestizo people from Mexico. The location,
age, and treatment characteristics of the patients and control
group are listed in Table 1. The copy numbers of 7LR-7 gene
predominantly found in SLE cases were 2 (89%) and 3 (10%),
which was significantly (p = 0.0001) different from the homo-
geneous 2 copies found in controls (Table 2). One subject of
each group showed only one copy. The mean copy 7LR-7
number obtained for SLE patients was significantly higher
than controls (» < 0.0001) (Table 2 and Fig. 1). The relative
risk was estimated with “2 copies” as reference (OR = 16.5,
IC: 2.03-134.04, p = 0.001), which suggested that 3 copies of
TLR-7 gene is associated with a higher genetic risk for devel-
oping SLE in the studied population.

To perform a paired #-test and document the increas-
ing copy number and mRNA expression of 7LR-7 gene,
30 samples of SLE patients with the highest relative number
of copies (3) and 30 control subjects with 2 copies were ran-
domly selected; however, no statistical difference was detected
(p = 0.1763) (Fig. 2). Moreover, no correlation was found
between the copy number and mRNA expression of TLR-7
(r=0.125, p = 0.5243) in SLE patients.

Discussion
SLE is a complex systemic autoimmune disease that occurs most
often in women. Several studies have identified genetic factors

Table 1. Geographic distribution of both SLE patients and control
subjects, in relation with age and treatment.

SLE FEMALE CONTROL
PATIENT SUBJECT
Number 80 150
Age, year, mean + s.d. 34.01 £ 11.27 39.62 +15.28
Locality
Mérida 32/80 (40%) 48/150 (32%)
Motul 5/80 (6.25%) -
Progreso 4/80 (5%) -
Acanceh 2/80 (2.25%) -
Buczot 2/80 (2.25%) -
Sacalum 2/80 (2.25%) -
Teabo 2/80 (2.25%) -
Ticul 2/80 (2.25%) -
Caucel - 28/150 (19%)
Tekal de Venegas - 74/150 (49%)
Other 29/80 (36%) -
Treatment
Prednisone 44/80 (55%)*

Azathioprine 24/80 (30%)*
4/80 (11.25%)*
7/80 (8.75%)*

5/80 (6.25%)*

Hydroxycloroquine

Metrotexate

Deflazacort

Note: *Percentage of patients receiving the drug in combination with other one.
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Table 2. Distribution of the numbers of TLR-7 gene copy and their means between SLE female patients and control subjects and their statistical

significances.

NUMBER OF TLR-7 GENE COPY

SLE FEMALES PATIENT N =80

CONTROL SUBJECT N =150

2 copies 71 (88.75%) 149 (99.33%) 0.0001
3 copies 8 (10.00%) 0 (0.00%)

1 copy 1(1.25%) 1(1.25%)

Mean copy number of TLR-7 gene 2195 £ 0.241 2.04+0.158 <0.0001

in the development of SLE in various ethnic groups.* Despite
the importance of CNV of genes involved in the pathogenesis
of SLE, studies of copy number of 7LLR-7 gene are scarce, espe-
cially in Mexican women. Association was found between copy
numbers of 7LR-7 gene and the disease in northern Mexico,
but no information is available in the Yucatan women popula-
tion. In this study of Mexican women of Mayan ancestry, we
demonstrated that the increased copy number of 7LR-7 gene
to 3 is associated with the genetic risk of SLE.

In Caucasian and African-Americans, the relative gene
copy number of TLR-7 varied both in SLE patients and the
control groups thus suggesting that CNV is neither a genetic risk
factor for SLE nor is associated with the autoantibody profile.¢
Opposite to the report of Kelly et al, in the Mayan population
of Yucatan, significant differences in copy numbers of 7LR-7
gene between SLE cases and controls were observed suggesting
ethnical variations. The ethnic genetic makeup has often been
related to variations in susceptibility to specific diseases.*

However, this study was consistent with the northern
Mexican population, where SLE women had higher number
of copies of TLR-7 gene (p < 0.0001) compared with con-
trols.’” Both studies might suggest that the positive associ-
ation of increased copy number of 7LR-7 with the risk for
developing SLE might be in the Mexican women population.
Additionally, stratification by gender in Mexican population
has showed a higher risk for SLE in male patients with more
than one copy than in female patients with more than two

copies.’” In this study, the stratification by gender was not
possible because all patients were of female gender of Mayan
ancestry, whereas Garcia et al studied female and male pedi-
atric patients of different ethnical origin.

Similarly, several single nucleotide polymorphisms (SNPs)
of TLR-7 gene were analyzed in 7,107 SLE patients of dif-
ferent ethnicities (European-American, African-American,
and Amerindian-Hispanic), and the highest frequency of
the risk allele (G) was observed in Amerindian-Hispanic
(44.8%). However, the Asian population has an even higher
rate (81%).%° In this respect, the results obtained in the study
of SLE patients from northern Mexico may be influenced by
the Amerindian-Hispanic descent in the central and north-
ern region of Mexico. Significant mRNA expression of TLR-7
was observed in SLE patients who showed the highest relative
copy number (p = 0.0001, » = 0.796).%” In this study, all the
SLE patients were residents of the state of Yucatan (Table 1),
a more homogeneous Maya population with a limited genetic
variability. The increase of 7LR-7 copies represented a risk
factor in the Yucatan women. However, we observed no sig-
nificant difference in mRNA expression of TLR-7 among
either patients or the controls (Fig. 2). These differences could
be due to more specific ethnic variations within the Mexican
population.

However, the impact of previous treatments should not
be ignored (Table 1). Immunosuppressive agents such as
azathioprine, a purine analog, can inhibit the production of

CNVs of TLR-7
Y

T T
Control subjects SLE patients

Figure 1. Scatter plot, means and standard deviations of numbers
of TLR-7 copy in SLE patients (n = 80) and control subjects (n = 150)
analyzed by Mann-Whitney U-test.
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Figure 2. Paired t-test of the scale log mRNA expression of TLR-7 in SLE
patients (n = 30) and control subjects (n = 30) (p =0.1763).
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nucleic acids and other enzymes involved in the synthesis of
DNA, RNA, and proteins. Azathioprine may block the func-
tions of T cells, inhibiting the synthesis of antibodies and
reduce the number of circulating monocytes and granulocytes,
but can also inhibit the synthesis of the mRNA of TLR-7.47 In
this study, 30% of SLE patients were receiving azathioprine in
combination with other immunosuppressive agents (Table 1);
thus, further studies are needed to determine the inhibitory
effect of drugs on RNA synthesis.

No association between the increase in copy number and
mRNA expression of TLR-7 was observed, probably due to
drug administration and the role of DNA methylation and
some genetic regulators. The DNA methylation was reported
as an epigenetic process that directly regulates gene expression
preventing the binding of transcription factors and indirectly
promoting closed chromatin structure.*®* Further epigenetic
studies are needed to determine its effect on mRNA synthesis
and its role in the immunogenetic mechanisms related to the
development of the disease in our patients.

Copy number of TLR-7 may contribute to overproduc-
tion of IFN-o, and this association was found in the SLE
murine model.® To determine the possible association
between the TLR-7 CNV and the serum levels of IFN-o in
the Mayan SLE women, an analysis was performed but no
correlation was observed (data not shown) probably due to
drug administration or disease activity.

Our results suggested that the variation in the copy num-
bers of 7LR-7 is important in the development of SLE in the
Mayan women population; however, presenting more than
2 TLR-7 copies does not mean that the person will develop
the disease, as it depends on other factors which together can
onset the disease. Early detection of genetic factors in SLE as
CNV and SNPs of 7LR-7 gene in the Mayans of the Yucatan
state can help to establish preventive measures contributing to
increased women’ quality of life.
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