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Abstract

Background The p53 and p21 proteins are important regulators of cell cycle and apoptosis and may contribute

to autoimmune diseases, such as systemic lupus erythematosus (SLE). As genetic polymorphisms may cause changes
in protein levels and functions, we investigated associations of TP53 and p21 (CDKN1A) polymorphisms (p53 72
G>C—rs1042522; p53 PIN3—rs17878362; p21 31 C>A—rs1801270; p21 70 C>T—rs1059234) with the development
of systemic lupus erythematosus (SLE) in a Southeastern Brazilian population.

Methods Genotyping of 353 female volunteers (cases, n=145; controls, n=208) was performed by polymerase chain
reaction, restriction fragment length polymorphism and/or DNA sequencing. Associations between TP53 and p21
polymorphisms and SLE susceptibility and clinical manifestations of SLE patients were assessed by logistic regression
analysis.

Results Protective effect was observed for the genotype combinations p53 PIN3 A1/A1-p21 31 C/A, in the total study
population (OR 0.45), and p53 PIN3 A1/A2-p21 31 C/C, in non-white women (OR 0.28). In Whites, p53 72 C-containing
(OR 3.06) and p53 PIN3 A2-containing (OR 6.93) genotypes were associated with SLE risk, and higher OR value

was observed for the combined genotype p53 72 G/C-p53 PIN3 A1/A2 (OR 9.00). Further, p53 PIN3 A1/A2 genotype
was associated with serositis (OR 2.82), while p53 PIN3 A2/A2 and p53 72 C/C genotypes were associated with neuro-
logical disorders (OR 4.69 and OR 3.34, respectively).

Conclusions Our findings showed that the TP53 and p21 polymorphisms included in this study may have potential
to emerge as SLE susceptibility markers for specific groups of patients. Significant interactions of the TP53 polymor-
phisms with serositis and neurological disorders were also observed in SLE patients.

Highlights

The polymorphisms TP53 rs1042522 (G>C) and TP53 rs17878362 (16 bp Del/Ins) were associated with SLE risk
in whites.

In whites, the combined genotype TP53 rs1042522 GC- TP53 1517878362 A1A2 and the haplotype TP53 rs1042522
C-rs17878362 A2 represented higher SLE risk.
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Combination of TP53 rs17878362 (16 bp Del/Ins) and p27 rs1801270 (C> A) protected against SLE in non-white

women.

TP53 and p21 (CDKNTA) polymorphisms may be SLE susceptibility markers for specific groups.

Keywords Systemic lupus erythematosus, Genetic polymorphisms, TP53, p21

Introduction

Systemic lupus erythematosus (SLE) is an autoimmune
disease characterized by a breakdown in self-tolerance,
dysregulation of lymphocytes number and subsets in
association with an increased autoantibody production
[1, 2]. Although the interaction of genetic, immunologi-
cal and environmental factors is widely accepted, this
complex pathophysiological process is not fully under-
stood [3]. There is a central role for an excess of autoanti-
gens derived mainly from altered programmed cell-death
mechanisms like NETosis, pyroptosis and apoptosis [4]
in association with a deficient clearance of extracellular
vesicles associated autoantigens [5, 6].

It has already been suggested that apoptosis plays an
important role in the elimination of autoreactive lym-
phocytes in SLE patients. Cell cycle control, in its turn,
is responsible for maintaining lymphocyte homeostasis
as it participates in lymphocyte differentiation, effector
function, memory development, tolerance induction,
and apoptosis [5]. Therefore, defects in the regulation of
apoptotic process and cell cycle may cause loss of toler-
ance, generating autoimmune responses [1].

One of the major regulators of cell cycle and apopto-
sis is the p53 tumor suppressor protein. The protein p53
acts as a transcription factor and regulates the expression
of genes involved in several cellular processes, including
cell cycle arrest, DNA repair and activation of apoptosis
[7]. In SLE patients, it has been observed high levels of
p53 expression and anti-p53 antibodies, with a significant
correlation between p53 levels and SLE activity index [8].

The TP53 gene, which encodes the p53 protein, is
located on chromosome 17 (17p13.1), contains 11 exons,
and its expression is controlled by two promoter regions
giving rise to 12 different p53 protein isoforms [9]. This
gene has numerous polymorphisms, and some of them
are known to alter protein function [10]. Two TP53 pol-
ymorphisms have been more widely studied. The single
nucleotide polymorphism (SNP) rs1042522 is character-
ized by substitution of guanine to cytosine at the sec-
ond position of the codon 72, which is located in exon
4 of the TP53 gene [NM_000546.5(TP53):c.215C>G
(p.Pro72Arg)]. Experimental evidence suggests that the

p53Arg (CGC codon) variant is more effective in activat-
ing the apoptosis pathway in altered cells than the p53Pro
(CCC codon) variant, which, in turn, showed to be more
efficient in the activation of cell cycle arrest [11]. The sec-
ond polymorphism, rs17878362, is a 16 base pairs dupli-
cation in intron 3 of the TP53 gene (NM_000546.5(TP5
3):c.96 +25_96 + 40ACCTGGAGGGCTGGGG(1_2)—
intron variant) [12]. The 16 bp duplication allele is associ-
ated with lower levels of p53 transcript, which might be
due to modification of mRNA processing [13].

One of the mechanisms by which p53 acts on cell
cycle arrest is through the transcriptional activation of
the gene encoding the p21 protein, a kinase dependent
cyclin inhibitor (CDKI). In DNA damaged cells, the p21
protein acts on different cyclin/CDK complexes, promot-
ing cell cycle arrest at the G1/S and G2/M checkpoints
[12]. p21 inhibits DNA synthesis by binding to prolifer-
ating cell nuclear antigen, and also affects key molecules
of the apoptotic process, such as p53, and contributes to
cell senescence [14]. In addition, the p21 protein seems to
be associated with susceptibility to autoimmune diseases,
especially to SLE [15].

The p21 protein is encoded by the p21 (WAFI, CIP,
CDKNIA) gene, which is located in the chromosomal
region 6p21.2 [16]. Changes in the p21 (CDKNIA) gene
sequence may result in p21 inactivation, which in turn,
may lead to an increased activation and proliferation
of self-reactive T cells, and apoptosis [17]. More than
40 polymorphisms have already been identified in the
p21 gene. One of the most studied polymorphism is
rs1801270, characterized by a C to A substitution at
the third base of codon 31 of the p21 (CDKN1A) gene
(NM_000389.5(CDKN1A):c.93C>A (p.Ser31Arg)). This
SNP results in the substitution of serine (AGC codon) by
arginine (AGA codon) in a conserved region of the p21
protein [18]. The second most studied polymorphism,
rs1059234, is a C to T substitution at 20 nucleotides after
the stop codon at exon 3 in the 3’ untranslated region of
the gene (NM_000389.5(CDKN1A):c.*20C > T). By alter-
ing mRNA stability and inducing its faster degradation,
this SNP leads to a change in the p21 protein level [18].
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In recent years, associations of multiple genes and sus-
ceptibility to SLE have been analyzed, and among these
candidate genes are p21 (CDKNI1A) and TP53 [15, 19].
The number of studies published so far is still small, and
there are no reports of studies evaluating TP53 and p21
(CDKNIA) polymorphisms in Brazilian SLE patients.
Taking all this into consideration, the objective of this
work was to evaluate possible associations of TP53
rs1042522 (G>C), TP53 rs17878362 (16 bp Del/Ins),
p21 rs1801270 (C>A) and p21 rs1059234 (C>T) poly-
morphisms with risk of systemic lupus erythematosus,
some SLE clinical manifestations and/or age at onset of
symptoms.

Material and methods

Study population

The population included in the group of cases was com-
posed of women with SLE (n=145) according to the
American College of Rheumatology (ACR) criteria [20]
who were selected sequentially during routine outpa-
tient consultations at the Rheumatology Department
of the State University of Rio de Janeiro. The control
group included healthy women without any complain
(n=208) who attended for a routine outpatient clinic at
the same institution. Sociodemographic data and clinical
manifestations were obtained with a standardized ques-
tionnaire and medical records review. The presence of
any autoimmune disease was excluded after anamnesis
and physical examination performed by an experienced
rheumatologist. Skin color/ethnicity was established by
self-classification as phenotypic proxy for ancestry previ-
ously proved to have a high concordance in Southeastern
Brazil [21]. All participants signed an informed consent
previously approved by the University Hospital Ethics
Committee (#321 and #909).

DNA extraction and genotyping of polymorphisms
in the TP53 and p21 (CDKN1A) genes
A total of 5 mL of peripheral blood from all participants
was collected in Vacutainer tubes containing ethylenedi-
amine tetraacetic acid (EDTA) and transported on ice to
the Molecular Biology Laboratory, Department of Bio-
chemistry/IBRAG/UER], where molecular analyses were
performed.
DNA was extracted from mononuclear cells following a
salting out method described by Vargas-Torres et al. [22].
The polymorphisms rs1042522 and rs17878362 in
the TP53 gene were analyzed by the polymerase chain
reaction (PCR) and restriction fragment length poly-
morphism (RFLP) techniques. A primer pair (Forward:
5 GAGACCTGTGGGGAAGCGAA-3" and Reverse:
5 GGAAGCCAGCCCCTCAG-3") was specifically
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designed for amplification of the genomic region con-
taining both TP53 gene polymorphisms and generated a
476 or 492 bp fragment depending, respectively, on the
absence or presence of 16 bp duplication in the intron 3

region.
The PCR reaction mixture was composed of 1x PCR
Buffer (BIOTOOLS), 2 mM MgCl, (BIOTOOLS),

15 pmol of each oligonucleotide (P5334R and P5334F),
65 uM dNTPs (dATP, dCTP, dGTP, dTTP-PHARMA-
CIA) 0.15 U Taq DNA polymerase (BIOTOOLS) and
about 200 ng genomic DNA in a final volume of 30 pL
adjusted with sterile deionized water.

The amplification reaction was performed in a thermo-
cycler (model MJ96+ Biocycler) using the following pro-
gram: an initial denaturation step at 94 °C for 5 min; 30
cycles of denaturation at 94 °C for 45 s, primer pairing
at 61 °C for 45 s and extension at 72 °C for 45 s; and a
final step extension at 72 °C for 10 min. The PCR prod-
ucts were analyzed by electrophoresis on 6% polyacryla-
mide gels followed by ethidium bromide staining, which
allowed the identification of the three TP53 rs17878362
(16 bp Del/Ins) genotypes composed of alleles without
(A1) and with (A2) 16 bp duplication.

The TP53 rs1042522 (G>C) polymorphism was ana-
lyzed by digestion of PCR products (7 pL) with 2 U of
the BstUl enzyme (BioLabs) in a final volume of 12 pL
adjusted with sterile deionized water. Samples were
incubated at 60 °C for approximately 16 h and then elec-
trophoresed on 2% agarose gels stained with ethidium
bromide.

The two p21 (CDKNIA) gene polymorphisms were
analyzed by PCR-RFLP techniques using the endonucle-
ases Alw26l (Thermo Scientific), for rs1801270 (C> A),
and PstI (INVITROGEN), for rs1059234 (C>T), as previ-
ously described by Vargas-Torres et al. (2016) [23].

Genotyping identification was performed by two inde-
pendent researchers. In order to validate the genotyping
results, 10% of the total samples were reanalyzed using
PCR or PCR-RFLP techniques. In addition, representa-
tive samples of each genotype were confirmed by direct
sequencing of PCR products using an ABI 3130 sequenc-
ing platform (Applied Biosystems), following the manu-
facturer’s instructions.

Statistical analysis
Deviation from the Hardy—Weinberg equilibrium was
estimated within the study groups (cases and controls) by
using the chi-square (°) test.

Associations between TP53 and p21 (CDKNIA) poly-
morphisms and SLE susceptibility in the whole popula-
tion and in skin color/ethnicity-stratified subgroups
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were assessed by logistic regression analysis using four
genetic models, codominant, dominant, recessive, and
overdominant. Combinatorial interactions of the four
studied polymorphisms, linkage disequilibrium, haplo-
type frequency estimation (Expectation maximization
algorithm), and haplotype association analyses were
also performed. The magnitude of association between
TP53 and p21 (CDKNI1A) polymorphisms and systemic
lupus erythematosus was estimated by calculating odds
ratio (OR) and 95% confidence interval (CI). Interaction
analysis between the TP53 and p2I polymorphisms and
some clinical manifestations of SLE and age at onset of
symptoms were performed. Reference categories were
the most frequent allele for each polymorphism, the
homozygous genotypes for these alleles [24], the combi-
nation of these homozygous genotypes, and haplotypes
formed by the most frequent variants. Adjusted OR was
calculated controlling for age and/or skin color/ethnicity.

Statistical analyses were performed using the software
GraphPad Prism version 6.05 (GraphPad Software, Inc.,
San Diego, CA) and the SNPStats program (Institut Cat-
ala d’'Oncologia, Barcelona, Spain) [25], a webtool for
genetic association analysis. A p value below 0.05 was
considered statistically significant.

Results

Characteristics of study population

The meanz*standard deviation and median age of
patients (n=145) and controls (n=208) at the time they
were included in the study were 39.7 +11.2 [Median (25—
75%): 39.0 (31.0-46.5)] and 37.6+10.5 years [Median
(25-75%): 40.0 (29.0-45.5)], respectively. The study pop-
ulation was composed of 76% Afro descendant (cases:
n=95; controls: n=171) and 34% Whites (cases: n=>50;
controls: n=35), mostly of European ancestry. The most
frequent clinical manifestations in patients with SLE
were polyarthritis (87.4%), malar rash (75.5%), photosen-
sitivity (73.9%), hematological abnormalities (76.1%) and

(See figure on next page.)
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glomerulonephritis (73.1%). The mean + standard devia-
tion age at the onset of symptoms was 27.1 + 10.6 years.

Association of TP53 and p21 (CDKN1A) polymorphisms
with SLE risk

All samples were genotyped with respect to at least one
of the four polymorphisms, TP53 rs1042522 (G>C),
TP53 rs17878362 (16 bp Del/Ins), p21 rs1801270 (C> A),
and p21 rs1059234 (C>T). PCR or PCR-RFLP patterns
of genotypes corresponding to the four analyzed poly-
morphisms and their confirmation by DNA sequencing
can be seen in Fig. 1. Genotype distribution of the four
polymorphisms was in Hardy—Weinberg equilibrium in
both study groups, cases and controls (p >0.05) (Table 1).

No significant results were observed in compara-
tive analyzes of genotype and allele distributions in the
groups of cases and controls regardless the genetic model
used (Table 1).

Concerning skin color/ethnicity-classification there
was no significant difference for the p2I polymorphisms
(data not shown). However, both polymorphisms in the
TP53 gene showed significant results in the subgroup of
white women (Table 2). Statistically relevant differences
were observed in the distribution of TP53 rs1042522
(G>C) polymorphism between cases and controls, in
both codominant (GC vs. GG: adjusted OR 2.73; 95% CI
1.02-7.34; p=0.041) and dominant (GC+CC vs. GG:
adjusted OR 3.06; 95% CI 1.17-8.04; p=0.021) mod-
els. Regarding the TP53 rs17878362 (16 bp Del/lns),
the A1A2 genotype (codominant model: adjusted OR
5.22; 95% CI 1.33-20.47; p=0.003) and A2-containing
genotypes (dominant model: adjusted OR 6.93; 95% CI
1.81-26.51; p=0.001 and overdominant: adjusted OR
4.47; 95% CI 1.15-17.33; p=0.018) were more prevalent
among cases in comparison with controls. Still among
whites, the alleles rs1042522 C and rs17878362 A2 were
more frequent in the case group than in controls (OR
2.23; 95% CI 1.10-4.54; p=0.037 and OR 7.00; 95% CI
1.99-24.66; p <0.001, respectively).

Fig. 1 Molecular analysis of polymorphisms in the TP53 and p21 (CDKNTA) genes. Left: A TP53 rs1042522 (G > C). Photography of an ethidium
bromide-stained agarose gel (2%) showing PCR-BstUI RFLP patterns. Lane 1: 50 bp ladder (INVITROGEN); lanes 2, 3 and 4: genotypes rs1042522 CC
(one fragment of 492 or 476 bp), rs1042522 GC (three fragments of 492 or 476, 305 or 284 and 187 bp) and rs1042522 GG (two fragments of 305
or 284 bp and 187 bp), respectively. B TP53 rs17878362 (16 bp Del/Ins). Photography of an ethidium bromide-stained polyacrylamide gel (8%)
showing PCR patterns. Lane 1: 50 bp ladder (INVITROGEN); lanes 2, 3 and 4: genotypes rs17878362 ATA1 (one fragment of 492 bp), rs17878362
ATA2 (two fragments of 492 and 476 bp) and rs17878362 A2A2 (one fragment of 476 bp), respectively. C p21rs1801270 (C> A). Photography

of an ethidium bromide-stained polyacrylamide gel (8%) showing PCR-Alw261 RFLP patterns. Lane 1: 50 bp ladder (INVITROGEN); lanes 2, 3 and 4:
genotypes rs1801270 CC (two fragments of 105 and 74 bp), rs1801270 CA (three fragments of 179, 105 and 74 bp) and rs1801270 AA (one fragment
of 179 bp), respectively. D p21 rs1059234 (C>T) polymorphism. Photography of an ethidium bromide-stained polyacrylamide gel (8%) showing
PCR-Pstl RFLP patterns. Lane 1: 50 bp ladder (INVITROGEN); lanes 2, 3 and 4: genotypes rs1059234 CC (two fragments of 115 and 68 bp), rs1059234
CT (three fragments of 183, 115 and 68 bp) and rs1059234 TT (one fragment of 183 bp). Right: A-D DNA sequencing—electropherograms

corresponding to different genotypes. The polymorphic sites are indicated
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Table 1 Comparative analysis of genotype and allele distributions of the four polymorphisms, TP53 rs1042522 (G>C), TP53
rs17878362 (16 bp Del/Ins), p21 rs1801270 (C>A) and p21 rs1059234 (C>T), between the groups of cases and controls using different

genetic models

Polymorphism  Genotype/Allele  Controls® Cases® pvalue®  Genetic model Adjusted ORY
n (%) or n (f) n (%) or n (f) (95% Cl)
TP53 GG 64 (34.0) 37(31.6) 0.6424 Codominant GCvs. GG 1.21 (0.71-2.08)
rs1042522
G>C
GC 88 (46.8) 61 (52.1) CCvs. GG 1.09 (O 53-2. 22)
CcC 36 (19.1) 19(16.2) Dominant GC+CCvs. GG 1.18 (0.7 97)
G 216 (0.57) 135(0.58) 1.0000 Recessive CCvs. GG+GC 097 (0.5 81)
C 160 (043) 99 (0.42) Overdominant ~ GCvs. GG+CC 1.18 (O 73-1.90)
TP53 ATAT 136 (69.4) 77 (65.8) 0.7349 Codominant ATA2 vs. ATAT 1.21 (0.70-2. 07)
rs17878362
16 bp Del/Ins
ATA2 50 (25.5) 32 (274) A2A2 vs. ATA1 144 (0.53-3.92)
A2A2 10 (5.1) 8(6.8) Dominant ATA2+A2A2 vs. ATA1 1.25(0.75- 206)
Al 322(0.82) 186 (0.79) 0.4598 Recessive A2A2 vs. ATAT+ATA2 1.37(0.51-3.67)
A2 70(0.18) 48 (0.21) Overdominant  ATA2vs. ATAT+A2A2 117 (O 69-1.99)
p21 CcC 103 (57.5) 83 (64.3) 0.3696 Codominant CAvs. AA 0.86 (0.52-1.41)
rs1801270
C>A
CA 66 (36.9) 42 (32.6) AA vs. AA 0.54 (0.16-1.83)
A/A 0(5.6) 4(3.1) Dominant CA+AAvs. CC 0.81 (0.50-1.32)
C 272 (0.76) 208 (0.81) 0.2005 Recessive AAvs, CC+CA 0.58 (0.17-1 91)
A 86 (0.24) 0(0.19) Overdominant  CAvs. CC+AA 0.89 (0.55-1.46)
p21 CcC 104 (61.5) 84 (65.6) 0.7948 Codominant CTvs.CC 0.88 (0.52-147)
rs1059234
C>T
cT 5(325) 37(289) TTvs. CC 0.89 (0.32-2.46)
TT 0(5.9) 7 (5.5) Dominant CT+TTvs. CC 0.88 (0.54-1.43)
C 263 (0.78) 205 (0.80) 0.5437 Recessive TTvs. CC+CT 0.92 (0.34-2.54)
T 5(0.22) 51(0.20) Overdominant  CTvs.CC+TT 0.88 (0.53-1.48)

n number of volunteers, f allele frequency

2 Controls—Hardy-Weinberg equilibrium test: TP53 rs1042522 (G>C) (p=0.559); TP53 rs17878362 (16 bp Del/Ins) (p=0.068); p21 rs1801270 (C>A) (p=0.893); p21

rs1059234 (C>T) (p=0.454)

b Cases—Hardy-Weinberg equilibrium test: TP53 rs1042522 (G > C) (p =0.462); TP53 rs17878362 (16 bp Del/Ins) (p =0.081); p21 rs1801270 (C> A) (p=0.634); p21

rs1059234 (C>T) (p=0.287)
¢ x? test or Fisher test.

d Adjusted for age and skin color/ethnicity. p values > 0.05

Association of combined genotypes and haplotypes
regarding the TP53 and p21 (CDKN1A) polymorphisms
with SLE risk

Results of genotype combination analysis are shown in
Table 3. Considering the entire study population, the
TP53 rs17878362 Al1Al-p21 rs1801270 CA combined
genotype was less frequent in the case group than in con-
trols (OR 0.45; 95% CI 0.23-0.87; p=0.018). In non-white
individuals, the frequency of the genotype combina-
tion rs17878362 A1A2-rs1801270 CC was lower among
SLE patients (OR 0.28; 95% CI 0.10-0.80; p=0.015).

In contrast, among Whites the prevalence of the TP53
rs1042522 GC- TP53 rs17878362 A1A2 combined geno-
type was significantly higher in SLE patients as compared
with controls (OR 9.00; 95% CI 1.70-47.62; p=0.008).
Linkage disequilibrium was observed between the
two TP53 (rs1042522 and rs17878362) polymorphisms
(D=0.1011, D’ =0.9246, r=0.5215, p<0.001), and the
two SNPs (rs1801270 and rs1059234) in the p21 gene
(D=0.1403, D" =0.8518, r=0.825, p<0.001). No statis-
tically significant difference was observed between hap-
lotype frequencies of cases and controls in the entire
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Table 2 Analysis of interaction between the TP53 rs1042522 (G>C) and TP53 rs17878362 (16 bp Del/Ins) polymorphisms, skin color/
ethnicity and development of SLE

Polymorphism Skin color/ethnicity Genetic model Controls n Casesn Adjusted OR (95% CI)¢
TP53 White GG 18 12 1.00
rs1042522 (G>C)?
GC 14 25 2.73 (1.02-7.34)¢
CcC 1 5 7.88(0.80-77.25)
GG 18 12 1.00
GC+CC 15 30 3.06 (1.17-8.04)¢
GG+GC 32 37 1.00
CcC 1 5 443 (049-40.17)
GG+CC 19 17 1.00
GC 14 25 2.01 (0.80-5.080)
Non-white GG 45 25 1.00
GC 74 36 0.85 (0.56-1.60)
cC 35 14 0.72 (0.32-1.59)
GG 45 25 1.00
GC+CC 109 50 0.81(0.45-1.47)
GG+GC 119 61 1.00
CcC 35 14 0.79 (0.39-1.59)
GG+CC 80 39 1.00
GC 74 36 0.97 (0.55-69)
TP53 White ATA1 30 25 1.00
rs17878362 (16 bp Del/Ins)°
A1A2 3 13 5.22(1.33-20.47)f
A2A2 0 4 NA
ATA1 30 25 1.00
ATA2+A2A2 3 17 6.93 (1.81-26.51)°
ATAT+ATA2 33 38 1.00
A2A2 0 4 NA
ATAT+A2A2 30 29 1.00
ATA2 3 13 4.47 (1.15-17.33)"
Non-white ATAT 104 52 1.00
ATA2 47 19 0.81(0.43-1.52)
A2A2 10 4 0.79 (0.24-2.64)
ATA1 104 52 1.00
ATA2+A2A2 57 23 0.80 (0.45-1.45)
ATAT+ATA2 151 71 1.00
A2A2 10 4 0.84 (0.25-2.77)
ATAT+A2A2 114 56 1.00
ATA2 47 19 0.82 (0.44-1.54)

n number of volunteers, NA not applicable
2TP53rs1042522 (G > C)—Allele frequencies: Whites—C versus G: OR 2.23; 95% Cl 1.10-4.54; p=0.037. Non-whites—C versus G: OR 0.85; 95% Cl 0.57-1.26; p >0.050

b TP53 1517878362 (16 bp Del/Ins)—Allele frequencies: Whites—A2 versus A1: OR 7.00; 95% Cl 1.99-24.66; p < 0.001. Non-whites—A2 versus A1: OR 0.83; 95% Cl
0.51-1.37; p>0.050

€ Adjusted for age
Statistically significant results are in bold. 9p=0.041; ®p=0.021; p=0.003; 9p=0.001; "p=0.018
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Table 4 Haplotype frequency estimation and haplotype association analysis, with respect to the TP53 polymorphisms, rs1042522
(G>CQ) and rs17878362 (16 bp Del/Ins), and the SNPs in the p27 (CDKNTA) gene, rs1801270 (C>A) and rs1059234 (C>T), in the entire
study sample and in the groups stratified according skin color/ethnicity

Haplotype Total group Whites Non-whites

Controls (f) Cases (f) OR (95% Cl) Controls (f) Cases () OR (95% ClI) Controls (f) Cases (f) OR (95% Cl)
TP53
rs17878362-
rs1042522
A1-G 0.565 0572 1.00 0.766 0583 1.00 0.520 0.565 1.00
A1-C 0.255 0.223 0.85(0.56-1.30) 0.203 0.167  1.40(0.52-3.75) 0.268 0.255 0.88 (0.54-1.43)
A2-C 0.170 0.200 1.14(0.75-1.71) 0.031 0.250 9.67 (2.02- 0.200 0.172 0.81(0.49-1.35)

46.28)*

A2-G 0.010 0.005 0.62(0.09-4.22) 0 0 NA 0.013 0.008 0.69 (0.10-4.64)
Global haplotype 0.69 <0.001 0.83
association p value
p21
rs1801270-
rs1059234
c-C 0.743 0.766 1.00 0.759 0787  1.00 0.744 0.755 1.00
A-T 0.202 0.167 0.80(0.51-1.24) 0.167 0.162  0.98 (0.39-2.49) 0.206 0.170 0.80 (0.47-1.35)
A-C 0.035 0.036 0.97(037-252) 0O 0026 NA 0.042 0.041 0.94 (0.33-2.69)
C-T 0.019 0.031 149 (0.52-4.27) 0.074 0.026 042 (0.09-2.09) 0.008 0.034 4.46 (0.84-23.74)
Global haplotype 0.65 0.34 0.23

association p value

ffrequency
Statistically significant results are in bold. *p value: 0.006

study population. However, haplotype frequency esti-
mation considering skin color/ethnicity-stratified sub-
groups revealed that in Whites the haplotype rs17878362
A2-rs1042522 C was more frequent among SLE patients
in comparison with controls (OR 9.67, 95% CI 2.02-
46.28; p=0.006) (Table 4).

Association of genotypes of TP53 and p21 (CDKN1A)
polymorphisms with clinical manifestations of SLE and age
at onset of symptoms

Interaction analysis between the 7TP53 and p2I
(CDKN1A) polymorphisms and some clinical manifes-
tations of SLE patients was also investigated. Statisti-
cally significant results were not found with respect
to cutaneous-articular manifestations, hematological
and immunological disorders and nephritis (data not
shown). Notably, serosistis was more prevalent among

SLE patients carrying the TP53 rs17878362 A1A2 geno-
type (overdominant model: OR 2.82; 95% CI 1.18-6.74;
p=0.021) (Table 5). Neuropsychiatric disorders (seizures
and psychosis) were more frequent in SLE patients car-
rying the TP53 rs17878362 A2A2 genotype (codomi-
nant model: OR 4.69; 95% CI 1.04-21.24; p=0.054) and
in the TP53 rs1042522 C/C genotype carriers (codomi-
nant model: OR 5.82; 95% CI 1.46-23.17; p=0.015 and
recessive model: OR 3.34; 95% CI 1.17-9.55; p=0.031)
(Table 5). The TPS53 alleles rs17878362A2 and p53
rs1042522 C were more frequent in SLE patients with
neuropsychiatric manifestations (OR 2.15; 95% CI 1.06—
4.35; p=0.048 and OR 2.23; 95% CI 1.18-4.29; p=0.015,
respectively). No association of TP53 and p2I polymor-
phisms with age at onset of symptoms was observed
(data not shown).
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Table 5 Interaction analysis between the polymorphisms TP53 rs17878362 (16 bp Del/Ins) and TP53 rs1042522 (G>C) and clinical
manifestations (serositis and neuropsychiatric disorders) of SLE patients

Polymorphism Genetic model Serositis Neuropsychiatric disorders
Yes n Non OR (C195%) Yes n Non OR (C195%)
TP53 ATA1 35 39 1.00 13 61 1.00
1517878362
16 bp Del/Ins
ATA2 21 10 2.34(0.97-5.64) 8 24 1.56 (0.58-4.25)
A2A2 0 8 NA 4 4 4,69 (1.04-21.24)°
ATA1 35 39 1.00 13 61 1.00
ATA2 +A2A2 21 18 1.30 (0.60-2.83) 12 28 2.01(0.81-4.96)
A2A2 0 8 1.00 4 4 1.00
ATAT+ATA2 56 49 NA 21 85 4.05 (0.93-17.53)
ATA2 21 10 1.00 8 24 1.00
ATAT+A2A2 35 47 2.82(1.18-6.74)° 17 65 1.27 (0.49-3.34)
Al 91 88 1.00 34 146 1.00
A2 21 26 0.78 (041-1.49) 16 32 2.15(1.06-4.35)¢
TP53 GG 19 18 1.00 4 32 1.00
rs1042522
G>C
GC 31 26 1.13 (0.49-2.59) 13 46 2.26 (0.68-7.57)
CcC 6 13 044 (0.14-1.40) 8 1 5.82(1.46-23.17)¢
GG 19 18 1.00 4 32 1.00
GC+CC 37 39 0.90 (041-1.97) 21 57 2.95(0.93-9.34)
GG+GC 50 44 1.00 17 78 1.00
CcC 6 13 041 (0.14-1.16) 8 1M 3.34(1.17-9.55)¢
GG+CC 25 31 1.00 12 43 1.00
GC 31 26 148 (0.70-3.10) 13 46 1.01 (0.42-2.46)
G 69 62 1.00 21 110 1.00
C 43 52 0.74 (0.44-1.26) 29 68 2.23(1.18-4.29)f

n number of volunteers, NA not applicable

Statistically significant results are in bold: 2p=0.021; °p=0.054; “p=0.048; p=0.015; °p=0.031; 'p=0.015

Discussion

In the present work, the TP53 rs1042522 (G>C) and
TP53 rs17878362 (16 bp Del/Ins) polymorphisms were
associated with risk of SLE in the subgroup of white
women (Table 2). The rs1042522 C allele carriers and
rs17878362 A2 allele carriers presented two-, and
seven-fold higher risk of developing SLE (p=0.037 and
p<0.001, respectively).

To date, we could not find any association studies
regarding the TP53 rs17878362 (16 bp Del/Ins) poly-
morphism and SLE or the TP53 rs1042522 (G > C), p21
rs1801270 (C>A) and p21 rs1059234 (C>T) polymor-
phisms and the development of SLE in Brazilian popu-
lations. Moreover, the few published studies related to
the importance of TP53 and p21 polymorphisms for the
development of SLE present discordant results [15, 19,
26-29]. A meta-analysis on association between TP53
polymorphisms and SLE showed significant results
only after stratification by ethnicity, confirming the

rs1042522 C allele as risk factor for SLE development
in Asians (Koreans) [30]. We are aware that some stud-
ies describing Brazilian genetic structure have reported
divergences between self-identified skin color and
genetic ancestry [31, 32]. However, most clinical and
genetic studies all around the world employ self-decla-
ration of skin color [33], and this criterion previously
proved to have a high concordance in the Southeastern
region of Brazil [21].

The divergence of susceptibility genes found among
various ethnicities may be related to the influence of local
environmental factors, which may interfere with epige-
netic modifications [3, 28, 34, 35]. Besides, allele distri-
butions of the above four polymorphisms vary widely
among different populations and may have different
impact on susceptibility for SLE [36, 37]. Particularly,
Brazilian population presents a mixture of genetic ances-
try, mostly European and African, which may partially
explain the present results [32].
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Even though a single polymorphism may represent a
valuable biomarker of a complex disease, such as SLE,
it is believed that multiple small-effect genetic variants
influence disease susceptibility [38]. Therefore, genotype
combination and haplotype association analyses were
also performed to assess the combined effect of the four
polymorphisms in the TP53 and p21 (CDKNI1A) genes
on the risk of SLE.

Some genotype combinations were absent in some
groups or subgroups stratified according to skin color/
ethnicity (Table 3). These findings are not unexpected,
since some individual genotypes were found at a very low
frequency in our study sample (Tables 1 and 2). Note-
worthy, a combined effect of both TP53 polymorphisms
seems to exist among Whites, since the rs1042522
GC- rs17878362 A1A2 combined genotype were nine-
fold more frequent in cases than in controls (p=0.008)
(Table 3). Although a significant difference does exist,
due to the limited sample size when the total study popu-
lation was stratified according to skin color/ethnicity, the
statistical power is not strong enough to establish the
true association with SLE development.

It has been previously shown that the p53 Arg
(rs1042522 G allele) variant has a greater ability to acti-
vate apoptosis pathways, while the p53Pro (rs1042522 C
allele) variant demonstrates greater efficacy in promot-
ing cell cycle arrest [11], a mechanism that may be asso-
ciated with SLE development [1, 2]. Besides, removal
of self-reactive B and T cells in SLE patients and mice
with lupus-like syndrome could be impaired by defec-
tive apoptotic processes [39, 40]. This might support the
hypothesis that the p53 Pro variant may reduce the clear-
ance of auto-reactive lymphocytes in patients with SLE
by reducing the efficiency of apoptosis [41]. On the other
hand, the rs17878362 A2 allele is associated with lower
levels of p53 transcription [42]. Thus, the suggested com-
bined effect of TP53 polymorphisms could be explained
by a lower expression of the p53 protein and the presence
of the p53 Pro variant, which is less effective in apoptosis
process.

On the other hand, 7TP53 rs17878362 AlAl-p2I
rs1801270 CA (OR 0.45) and TP53 rs17878362 A1A2-
p21 rs1801270 CC (OR 0.28) combined genotypes
showed protective effects on SLE development in the
entire study sample and in the subgroup of non-white
women, respectively. Of note, the allele TP53 rs17878362
A2 has been associated with lower constitutive levels
of p53 mRNA in lymphoblast cell lines, suggesting that
this polymorphism may interfere in mRNA splicing, thus
influencing transcript stability [13]. A consequence of
that includes changes in the p53 protein activity, which
may negatively alter its response to apoptosis activa-
tion, cell cycle arrest, and DNA repair, all recognized
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as important mechanisms for the development of SLE.
Regarding the p21 rs1801270 (C>A) polymorphism,
previous studies reported that both p21 variants exhibit
similar activity in relation to CDK inhibition and tumor
suppressor activity, although A allele (Arg) seems to be
associated with a decrease in mRNA expression [43]. In
addition, p21 deficiency proved to be associated with loss
of immune tolerance in mice [44]. Taken together, the
protection against SLE attributed to these genotype com-
binations cannot be explained by the combined influence
of the individual genotypes on transcript levels, and/or
levels and functions of proteins. However, it is important
to emphasize that both p53 and p21 proteins may play
different roles, with p21 not always acting as a down-
stream signaling component of p53 [45] and are involved
in several pathways [46] that could be responsible for the
observed effect.

In this study, a statistically significant difference was
also observed for distribution of the TP53 haplotypes
between white SLE patients and controls, with the haplo-
type rs17878362 A2-rs1042522 C being associated with risk
of SLE development (OR 9.67) (Table 4). This estimated risk
effect is higher than the effects observed for the individual
alleles rs1042522 C (OR 2.23) and rs17878362 (OR 7.00) and
corroborate the risk of SLE associated with the rs1042522
GC/rs17878362 A1A2 combined genotype. To determine if
the polymorphism are i cis or in trans other methods, such
as NGS (Next Generation Sequencing) or genotyping of
mother—father—child trios followed by robust bioinformatics
tools have to be used [47, 48]. We believe that our findings
may pave the way for further research in this area.

In this work, the relationship between the studied poly-
morphisms and clinical characteristics of SLE patients
was also observed. The SNP TP53 rs1042522 (G>C) was
associated with risk for both serositis and neuropsychiat-
ric manifestations, while the TP53 rs17878362 (16 bp Del/
Ins) polymorphism was associated only with neuropsychi-
atric disorders. Serositis is a common manifestation related
to lupus, and its pathogenesis is still not well described. It
has been proposed that the appearance of serositis may be
associated with an inflammatory response resulting from an
abnormal influx of Ca** [49]. Although increasing number
of genetic associations with pathways involved in innate and
adaptive immunity systems has been observed [50], more
genetic studies concerning neuropsychiatric disorders are
needed.

In conclusion, we found associations of the TP53
(rs1042522 and rs17878362) and p21 (rs1801270)
polymorphisms, individually or in combination, with
SLE development, particularly in skin color/ethnicity-
stratified subgroups. In addition, interaction analysis
revealed that TP53 polymorphisms might be associ-
ated with serositis and neuropsychiatric disorders in
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SLE patients. Our results suggest that ethnic varia-
tions of these polymorphisms should be considered in
association studies for complex diseases, such as SLE,
as widely shown by different authors [30, 31, 35, 51].
To our knowledge, this is the first study to investigate
associations of TP53 and p21 gene polymorphisms
with the development of SLE in a Brazilian population.
Our findings may provide the basis for further studies
on association of TP53 and p21 polymorphisms with
the development of SLE in different and larger popula-
tions, since these polymorphisms may have potential
to emerge as SLE susceptibility markers for specific
groups of patients.
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