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Abstract

Psoriasis vulgaris is a systemic disorder with an underlying immune dysregulation that pre-
disposes to inflammatory skin lesions. Meanwhile, tumor necrosis factor alpha-induced pro-
tein 3 (TNFAIP3) has been described as a protective molecule against the deleterious
effects of uncontrolled inflammation. In this study, we compared the expression levels of
TNFAIP3in blood and psoriatic skin biopsies from psoriatic patients versus those in normal
individuals. Additionally, the levels of TNFAIP3 protein in psoriatic skin biopsies were com-
pared to those in normal individuals. Thirty psoriatic patients and 30 healthy participants
(control group) were enrolled. The expression levels of TNFAIP3in blood and skin were
measured by quantitative reverse transcription PCR, while the skin levels of TNFAIP3 pro-
tein were measured by western blot. Psoriatic patients showed significantly lower expres-
sion levels of TNFAIP3in psoriatic skin and blood (P< 0.001) as well as of TNFAIP3 protein
in psoriatic skin (P< 0.001) compared to controls. A significant lower expression of TNFAIP3
and TNFAIPS3 protein in psoriatic skin was detected in moderate/severe cases compared to
mild cases (P = 0.004 and 0.003 respectively). Moreover, a significant negative correlation
was found between TNFAIP3 mRNA in psoriatic tissue and psoriasis area severity index
values (rs - -0.382, P-value = 0.037).

In conclusion, TNFAIP3 may serve as a predictive and prognostic biomarker in psoriatic
patients. Enhancing the expression and/or function of TNFAIP3in the affected cell type may
be a promising therapeutic strategy.

Introduction

Psoriasis vulgaris is an autoimmune papulosquamous disorder [1] characterized by inflamma-
tory skin manifestations and sustained activation of multiple immune cells [2]. It is a spectrum
of disease with physical, psychological, and social impacts on patients [3]. About 30% of
patients develop an inflammatory arthritis [4], resulting in physical disability [3]. Occasionally,
psoriatic patients may develop uveitis, inflammatory bowel disease [4], chronic pulmonary dis-
ease, liver and renal disease [5, 6], stroke and myocardial infarction [7]. It is also a psychiatric
stressor; where psoriatic patients have a higher prevalence of alcoholism and depression [8].
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In psoriatic patients, keratinocytes are the key participants in innate immunity recruiting T
cells to the skin, and these T cells play a crucial role in sustaining disease activity. Activated T
cells produce abundant psoriatic cytokines including interleukin-17 (IL-17), IL-22, interferon-
v (IFN-y) and tumor necrosis factor (TNF)-a. [9]. These cytokines mediate effects on keratino-
cytes to amplify psoriatic inflammation [10] which is paralleled with disease severity [11].

In the same context, genome-wide association studies (GWAS) using DNA microarray
chips showed that the genome regions mostly related to psoriasis development are associated
with the immune system, including TNF-a, IL-12B, IL-23R and the human leukocyte antigen
Cw6 (HLA-Cwé6) of the major histocompatibility complex (MHC) [12].

Meanwhile, accumulating evidence suggests that abnormal immune regulatory genes are
involved in the molecular pathogenesis of psoriasis vulgaris [13]. One of those genes that has
been described as a potent contributor to psoriasis pathogenesis is the tumor necrosis factor
alpha-induced protein 3 (TNFAIP3) gene [14], which encodes TNFAIP3 protein, also known
as TNF-a- inducible zinc finger protein A20 [15].

Nonetheless, TNFAIP3 overexpression has no effect on keratinocyte differentiation, imply-
ing that TNFAIP3 is not a direct modulator of this differentiation. On the other hand,
TNFAIP3 overexpression in keratinocytes significantly represses cytokine production, suggest-
ing a potential role of TNFAIP3 deficiency in the development of psoriasis via sensitization of
keratinocytes to external stimuli [16].

The expression of TNFAIP3, which takes place in both the cytoplasm and the nucleus of all
cell types, is induced by TNF-o through nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-xB)-dependent signals [17,18]. Under normal conditions, TNFAIP3 is expressed in
low quantities, whereas in the event of inflammation, its expression is spectacularly prompted
by TNF-a and NF-«B activation [19]. Therefore, in immune cells, TNFAIP3 can be induced
strongly under inflammatory conditions and acts as a negative-feedback regulator of NF-xB
activation [20, 21]. Meanwhile, a progressively high TNFAIP3 expression inhibits TNF-
induced NF-«B signaling in a dose-dependent fashion [22-24].

Given the facts that (1) the differentiation of keratinocytes is dependent on NF-«B signaling
[25], (2) increased expression of NF-kB-dependent gene products is associated with skin
inflammation and psoriasis [15, 26] and (3) the pleiotropic functions of NF-xB and cell-death
signaling in various cell types that contribute to autoimmune and inflammatory diseases, it
can be hypothesized that the dysregulation of NF-kB inhibitory signaling cascades may con-
tribute to disease pathogenesis [16]. Hence, the hypomorphic expression or function of
TNFAIP3 may increment a susceptibility to psoriasis [27]. It is worth mentioning that selective
deletion of TNFAIP3 in mice has been linked to the development of inflammatory pathologies,
keratinocyte hyperproliferation, disheveled hair and sebocyte hyperplasia [28].

It has also been noticed that TNFAIP3 gene single nucleotide polymorphisms (SNPs) are
strongly associated with psoriasis through their inhibitory effect on cellular TNFAIP3 expres-
sion [29, 30]. A meta-analysis of the TNFAIP3 region has recognized 49 variants; the most
important being rs582757 followed by rs6918329. Analysis of TNFAIP3 haplotypes revealed
that the psoriasis risk haplotype is different from other autoimmune diseases [31]. Meanwhile,
the protective anti-inflammatory role of TNFAIP3 against psoriasis can be plausibly explained
by its ability to suppress inflammasome activity and subsequently cell death [32-34].

The current therapeutic lines for psoriasis include systemic and biologic agents; however,
most of them are of questionable efficacy and/or high toxicity [35]. Furthermore, the financial
cost of treatment with the anti-TNF drugs is considerably higher than traditional systemic
therapies for psoriasis such as phototherapy and methotrexate [36]. A recent pharmacogenetic
study reported that homozygous patients for an SNP rs610604 in TNFAIP3 showed an inferior
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response to ustekinumab, a biologic used in psoriasis, in comparison with a control group
[37].

Therefore, studies to identify accurate predictors of therapeutic response in psoriasis would
be of great value in making decisions on treatment options [15]. Development of strategies to
induce TNFAIP3 expression is required to provide effective therapy. However, therapeutic
approaches usually use drugs that interfere with the functions of target proteins rather than
activating them. Hence, it is proposed to target molecules that suppress TNFAIP3 expression
and/or function. Studies have identified microRNAs that target TNFAIP3 gene; thus, inhibi-
tion of these microRNAs could enhance TNFAIP3 expression [38-40].

TNFAIP3 may serve as a potential molecular marker to anticipate the response of treatment
with TNF-o~inhibitors [15] as well as a potential new line of treatment. Previous studies were
limited by the sole use of quantitative reverse transcription polymerase chain reaction
(QRT-PCR) for measurement of TNFAIP3 gene expression, as well as by lack of data regarding
TNFAIP3 protein and data from local psoriatic tissues [41]. Consequently, the quantification
of TNFAIP3 protein was an additional aim in our research work.

The aim of this study was to compare the expression levels of TNFAIP3 gene in blood sam-
ples and psoriatic skin biopsies from patients with those in normal individuals. It also aimed at
comparing TNFAIP3 protein levels in psoriatic skin biopsies from patients with that in normal
individuals. The effect of the expression of TNFAIP3 in blood samples and psoriatic skin biop-
sies from psoriatic patients on the severity of psoriasis was also studied.

Material and methods

This case control study was conducted on thirty psoriatic patients attending the psoriasis out-
patient clinic at the Dermatology Department of Kasr Al-Ainy Hospitals, Cairo University,
during the period from February 2017 to December 2017. Patients with erythrodermic or pus-
tular psoriasis, pregnant and lactating females, patients with autoimmune diseases e.g. sys-
temic lupus erythematosus, or major systemic diseases, and patients receiving any
immunosuppressive drug were excluded from the study. Thirty healthy participants matched
for age and gender were enrolled as a control group. Before commencement of the study, it
was approved by the Research Ethics Committee of the Institutional Review Board, Faculty of
Medicine, Cairo University. An informed consent was obtained from each participant.

Detailed history was taken from each patient including personal history, history of the pres-
ent illness, precipitating factors and intake of any medications. Clinical assessment of patients
to determine the disease severity using psoriasis area severity index (PASI) score was per-
formed by the same dermatologist.

1. Specimen collection and transport

Blood samples obtained from each participant were collected in EDTA tubes for measuring
the expression levels of the TNFAIP3 gene by QRT-PCR. Four mm full thickness skin biopsy
was obtained from the psoriatic tissue in each patient for quantitative detection of the expres-
sion levels of each of TNFAIP3 gene by QRT- PCR and TNFAIP3 protein by western blot tech-
nique. Blood samples and biopsies of normal skin were collected from 30 healthy participants
admitted to the Plastic Surgery Department, Kasr Al-Ainy Hospital for plastic surgical proce-
dures involving removal of a skin portion. All recruits had no history of chronic dermatologi-
cal or systemic disease including renal diseases, liver diseases, malnutrition or autoimmune
diseases. They were informed about the study aim and protocol. Skin biopsies were collected
in sterile eppendorf tubes. All samples were kept frozen at -80°C on lysis solution (Thermo
Fisher Scientific, USA) to immediately preserve the gene expression profile until further
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Table 1. Primer sequences of the studied genes.

Gene
TNFAIP3

B-actin

https://doi.org/10.1371/journal.pone.0217352.t001

Primer sequence

Forward primer: 5'-CG TCCAGGTTCCAGAACACCATTC-3’
Reverse primer: 5'-TGCGCTG GCTCGATCTCAGTTG-3’

Forward primer: 5/ ~-GACTACCTCATGAAGATCCTCACC-3’
Reverse primer:5'-TCTCCTTAATGTCACGCACGATT-3’

testing by QRT-PCR which was performed at the Unit of Molecular Biology of the Medical
Biochemistry Department, Faculty of Medicine, Cairo University.

2. Quantitative reverse transcription PCR

Total RNA was extracted from blood using Qiagen RNA blood extraction kit (Qiagen, USA)
according to the manufacturer’s instructions. Total RNA was also extracted from psoriatic tis-
sue homogenate using Qiagen tissue extraction kit (Qiagen, USA) according to the manufac-
turer’s instructions. The total RNA (0.5-2 ug) was utilized for cDNA conversion employing
high capacity cDNA reverse transcription kit (Fermentas, USA). The expression levels of
TNFAIP3 were assessed using the primer sets shown in Table 1.

The primers were purchased from Bio Basic Inc., Canada and SYBR Green I kit (Qiagen,
USA) was employed according to the manufacturer’s instructions. For each sample, a total of
25 ul reaction volume was prepared by adding the following reagents: 12.5 ulof Syber green
mix, 1 ul of each primer, 5 pl of the cDNA template, and 5.5 pl RN Ase free water. The prepared
reaction mixtures were processed in the Applied Biosystems StepOne Thermal Cycler with
software version 3.1 (Applied Biosystems, USA) for amplification and analysis. The cycling
conditions were as follows: hold phase at 50°C for 2 min followed by 40 cycles of denaturation
at 95°C for 15 sec, annealing at 60°C for 1 min and extension at 72°C for 1 min.

The relative quantity (RQ) of TNFAIP3 expression level was assessed relative to the house-

keeping gene (B-actin), which was used as an internal control and was expressed as 224",

3. Estimation of TNFAIP3 protein by western blot technique

Skin biopsies were lysed in Radioimmune precipitation assay (RIPA) lysis buffer PL005 (Bio
BASIC, Canada). Total protein was measured using Bradford Protein Assay Kit for quantita-
tive protein analysis (BIO BASIC, Canada) according to the manufacturer’s instructions. Sam-
ples were run on sodium dodecyl sulfate (SDS)-polyacrylamide gel using TGX Stain-Free
FastCast Acrylamide Kit (Bio-Rad, USA), then transferred onto nitrocellulose membranes and
incubated with TNFAIP3 antibodies (Thermo Fisher Scientific, USA). Blots were then incu-
bated with peroxidase-conjugated secondary antibodies (Novus Biologicals, Canada).The
chemiluminescent substrate (Clarity Western ECL substrate—BIO-RAD, USA) was applied to
the blot according to the manufacturer’s recommendations. The chemiluminescent signals
were captured using a charge-coupled device (CCD) camera-based imager (BIO-RAD, USA).
Image analysis software was used to read the band intensity of the target proteins relative to a
control sample by total protein normalization on the ChemiDoc MP imager.

Statistical analysis

Data were analyzed using SPSS version 25. Data were summarized using mean, standard devi-
ation, minimum and maximum in quantitative data, and using frequency (count) and relative
frequency (percentage) for categorical data. Comparisons between the expression levels of
TNFAIP3 gene and the TNFAIP3 protein in cases and controls as well as within patient groups
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were done using the non-parametric Mann-Whitney test. For comparing PASI score, Chi
square (y2) test was performed. Correlations between expression levels of TNFAIP3 gene as
well as the TNFAIP3 protein in the cases and controls and within patient groups were done
using Spearman correlation coefficient (r,). P-values < 0.05 were considered statistically
significant.

Results
1. Demographic and clinical data of psoriatic patients and control subjects

The present study was conducted on 30 psoriatic patients, aged between 18-75 (41+£17.72) and
30 healthy subjects, aged between 19-65 (44.30 +12.83). The patients included 13 males
(43.3%) and 17 females (56.7%), while the control group included 14 males (46.7%) and 16
females (53.3%).Clinical data of psoriatic patients are shown in Table 2.

2. Comparison between TNFAIP3 in cases and controls

A. TNFAIP3 gene expression levels in blood. The expression levels of TNFAIP3 gene in
blood were significantly lower in the psoriatic patients (mean + SD = 0.39 + 0.22) compared to
the controls (mean + SD = 1.04 + 0.31) (P< 0.001) (Table 3).

B. TNFAIP3 mRNA expression levels in skin biopsies. The expression levels of TNFAIP3
gene in skin were significantly lower in the psoriatic patients (mean + SD = 0.30 + 0.16) com-
pared to the controls (mean + SD = 1.02+ 0.21) (P< 0.001) (Table 3).

C. TNFAIP3 protein levels in skin biopsies. The expression levels of TNFAIP3 in skin
were significantly lower in the psoriatic patients (mean + SD = 0.42 + 0.21) compared to the
controls (mean + SD = 1.01 £ 0.02) (P < 0.001) (Table 3 and Fig 1).

3. Relationship between TNFAIP3 and disease severity

The 30 psoriatic patients involved in this study were classified according to disease severity
into two groups: Group 1 containing mild cases with PASI < 10 (20 patients [66.7%]), and
Group 2 containing moderate and severe cases with PASI > 10 (10 patients [33.3%]). Statisti-
cally significant lower expression levels of TNFAIP3 gene and TNFAIP3 protein in psoriatic

Table 2. Clinical data of psoriatic patients.

Cases: no (%)

Onset Sudden 1(3.3%)
Gradual 29 (96.7%)

Course Remission and exacerbation 27 (90%)

Progressive 3 (10%)
Associated disease No 30 (100%)
Family history No 30 (100%)
Severity Mild 20 (66.7%)
Moderate 5(16.7%)

Severe 5(16.7%)

Disease Duration (years) Range 0.5-20
Mean * SD 8.94 £ 6.67

PASI score Range 0.7-28.50
Mean + SD 8.79 £ 8.33

PASI: Psoriasis area severity index

https://doi.org/10.1371/journal.pone.0217352.t1002
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Table 3. Comparison between TNFAIP3 levels in psoriatic patients and controls.

Cases Controls P-value

Mean +SD Range Mean +SD Range
TNFAIP3 mRNA in blood 0.39+0.22 0.06-1.01 1.04 £ 0.31 0.54-2.03 < 0.001
TNFAIP3 mRNA in skin 0.30+0.16 0.07-0.69 1.02£0.21 0.69-1.48 < 0.001
TNFAIP3 protein in skin 0.42 +0.21 0.12-0.89 1.01 £ 0.02 0.99-1.05 < 0.001

TNFAIP3: Tumor necrosis factor alpha induced protein 3

https://doi.org/10.1371/journal.pone.0217352.1003

skin lesions were detected in Group 2 compared to group 1 (P = 0.004 and P = 0.003, respec-
tively). On the other hand, no statistically significant difference was detected in TNFAIP3 gene
expression in blood between the two groups (P = 0.914) (Table 4 and Figs 2 and 3).

Spearman correlation coefficient test showed that there was no correlation between disease
severity indicated by PASI score with TNFAIP3 gene expression in blood (r, = -0.084,
P =0.657) or with skin TNFAIP3 protein (rs = -0.292, P = 0.117) Meanwhile, a significant neg-
ative correlation was found between TNFAIP3 mRNA in psoriatic tissue and disease severity
(rs = -0.382, P =0.037).

4. Correlations between TNFAIP3 in blood and psoriatic lesions

No correlations were detected between blood levels of TNFAIP3 mRNA with each of skin lev-
els of TNFAIP3 mRNA (rg = -0.224, P = 0.235) and skin levels of TNFAIP3 protein (rs =
-0.312, P=0.093).

Discussion

In order to develop efficient successful therapy for psoriasis vulgaris, a major advancement has
been achieved in understanding the complex nature of the disease. Nevertheless, more studies
are still warranted in this scope [42]. Hyper-activated NF-kB is one of the main factors causing
inflammation during psoriasis. NF-kB is also considered the key regulator in the pathology of
psoriasis, where multiple cells types, chemokines, and cytokines associated with psoriasis are

Fig 1. Western blot analysis showing: a) TNFAIP3 protein; and b) the housekeeping protein (B-actin) in skin biopsies. Bands 1-4 show TNFAIP3 (upper
figure) and B-actin (lower figure) in the psoriatic skin lesions of patients number 2, 8, 12 and 15.Bands 5-8 show TNFAIP3 (upper figure) and B-actin (lower
figure) in skin biopsies of the normal control subjects 1, 2, 3 and 4.

https://doi.org/10.1371/journal.pone.0217352.g001
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Table 4. TNFAIP3 in mild and moderate/severe cases.

TNFAIP3 mRNA in blood
TNFAIP3 mRNA in skin
TNFAIP3 protein level in skin

*Group 1: mild cases with PASI < 10
**Group 2: moderate/severe cases with PASI > 10

Group 1* (n = 20) Group 2** (n = 10) P- value
Mean + SD Range Mean + SD Range
0.39 £ 0.25 0.06-1.01 0.39 £ 0.18 0.13-0.59 0.914
0.35+0.16 0.14-0.69 0.2+0.13 0.07-0.51 0.004
0.49 £0.21 0.21-0.89 0.27 £0.12 0.12-0.52 0.003

TNFAIP3: Tumor necrosis factor alpha induced protein 3

https://doi.org/10.1371/journal.pone.0217352.t1004

dependent on the activation of NF-«xB signaling [43]. This has led us to question the role of
TNFAIP3, a feedback inhibitor of NF-«kB activation, in psoriatic inflammatory processes.

In this study, we demonstrated that the expression of TNFAIP3 gene was altered in psoria-
sis, as evidenced by a significant down-regulated expression of TNFAIP3 mRNA in blood and
skin of psoriatic patients compared to controls (P <0.001). We also found out that altered
TNFAIP3 mRNA expression was accompanied by a significant decrease in its protein expres-
sion in psoriatic skin biopsies compared to controls (P <0.001). These findings were in accor-
dance with the findings of Aki et al. [44] who reported a reduced expression of TNFAIP3
mRNA in skin biopsies from psoriatic patients in both involved and uninvolved skin. Based
on the finding that low TNFAIP3 expression is associated with increased susceptibility to
inflammation, it can be concluded that decreased TNFAIP3 levels potentiates psoriasis suscep-
tibility. Additionally, the fact that NF-xB stimulates TNFAIP3 mRNA expression in response
to inflammation confirms that low TNFAIP3 expression acts as a driver rather than a result of
the inflammatory process seen in psoriasis [44].

Meanwhile, TNFAIP3 protein has been found down-regulated in lesional epidermis of
patients with psoriasis and atopic dermatitis, signifying that absence of TNFAIP3 expression in
keratinocytes triggers the generation of inflammatory skin conditions including psoriasis [16,
45]. Additionally, up-regulation of proinflammtory cytokines and chemokines, as well as sys-
temic proinflammatory changes have been detected in epidermis-specific TNFAIP3 knockout
mice, in which TNFAIP3 absence exacerbated the severity of experimental psoriasis. Hence,
TNFAIP3 deficiency in keratinocytes leads to inflammatory gene signature in the epidermis
and systemic proinflammatory changes and is sufficient to exacerbate inflammatory skin dis-
orders [45].

Interestingly, TNFAIP3 haplo-insufficient mice that were not exposed to inflammatory sti-
muli have not developed apparent dermatitis. Likewise, human studies indicate that low
TNFAIP3 expression reduces the threshold for dermatitis in psoriatic patients, whereas exter-
nal factors such as infections and trauma are necessary to induce psoriatic lesions [44]. A
reduced expression of TNFAIP3 may sensitize to the development of inflammatory pathology
possibly in collaboration with additional genetic defects or in specific environmental condi-
tions [18]. TNFAIP3 haplo-insufficiency has been also described as the cause of autoinflamma-
tory manifestations by Franco-Jarava et al. [46] who identified a deletion of a 13 Mb on
chromosome 6, including TNFAIP3, in a patient with psychomotor and growth delay, neutro-
philic dermatosis, and recurrent orogenital ulcers. Moreover, heterozygous mutations in the
TNFAIP3 gene associated with TNFAIP3 haplo-insufficiency have been identified in a Behcet-
like illness [47]. Patients with TNFAIP3 haplo-insufficiency have also shown elevated levels of
proinflammatory cytokines, including TNF-a, IL-6, IL-18 and IFNy-inducible protein-10
[48].
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Fig 2. Comparison between mild and moderate/severe cases regarding TNFAIP3 mRNA levels in blood and skin
biopsies. (a) TNFAIP3 mRNA in blood (P = 0.914) and (b) TNFAIP3 mRNA in skin (P = 0.004). o = extreme cases.

https://doi.org/10.1371/journal.pone.0217352.g002
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Fig 3. TNFAIP3 protein levels in psoriatic skin of mild and moderate/severe cases (P = 0.003). o = extreme case.

https://doi.org/10.1371/journal.pone.0217352.g003

On the other hand, and on the contrary to our results, Liu et al. [49] showed that TNFAIP3
protein is over-expressed under psoriatic inflammation, favoring keratinocyte proliferation
and suppressing apoptosis. This strong expression of TNFAIP3 found in lesional psoriatic skin
has been posited to inhibit the NF-kB pathway; however, a strong expression of NF-kB was
observed [49], suggesting that TNFAIP3 is disabled or dysfunctional in patients with psoriasis
[50]. It is worth mentioning that in psoriatic patients with higher TNFAIP3 expression levels
in their skin lesions compared to normal controls, calcipotriol (a vitamin D3 analogue) ther-
apy significantly reduced the expression levels of both TNFAIP3 and NF-«B [49, 51]. A possi-
ble explanation is that in patients with dysfunctional TNFAIP3, an attempt of the body to
over-express TNFAIP3 in order to control inflammation results in TNFAIP3 elevated levels
which are brought back to baseline levels in response to treatment.

In the present study, the levels of TNFAIP3 mRNA and its protein in psoriatic skin lesions
were significantly lower in group 2 (moderate/severe) compared to group 1 (mild) (P-
value = 0.004 and 0.003 respectively). Moreover, a significant negative correlation was found
between TNFAIP3 mRNA in psoriatic tissue and PASI values (r - -0.382, P-value = 0.037).
This inverse correlation between TNFAIP3 gene and the severity of psoriasis suggests that
increasing the expression and/or function of TNFAIP3 is a promising therapeutic strategy.
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Remarkably, a study by Ma and Malynn [52] showed that induction of TNFAIP3 expression
has provided protection against experimental colitis in mice. This finding confirms the anti-
inflammatory effect of TNFAIP3.

On the other hand, no statistically significant difference was detected between the two
groups regarding TNFAIP3 gene expression in blood. No correlation was detected between
blood levels of TNFAIP3 mRNA and disease severity. This finding suggests that the TNFAIP3
expression in the localized tissue is the key regulator of the inflammatory process rather than
its systemic blood levels.

The significantly lower expression levels of TNFAIP3 in severe disease compared to mild
disease is in accordance with a study by Jiang et al. [41], where the expression of TNFAIP3
mRNA was reversely correlated with PASI score. Other studies showed an up-regulation of
TNFAIP3 expression in mild cases; this may be explained by the chronic inflammation
existing in psoriasis patients [53, 54]. Some proinflammatory cytokines, such as TNF-a, IL-
1, and IL-17, can stimulate peripheral blood mononuclear cells (PBMC), leading to activa-
tion of NF-kB which in turn enhances the transcription of the TNFAIP3 gene [19, 55, 56].
Therefore, sustained inflammation accounts for the increased TNFAIP3 expression in
PBMC of patients with mild psoriasis. Such elevation has not been encountered in cases
with severe psoriasis [41] although the proinflammatory cytokines are also increased in
those patients [53].

The loss of up-regulation of TNFAIP3 expression in severe psoriasis vulgaris can be
explained by certain epigenetic events that may take place in the TNFAIP3 gene including a 5’
region polymorphism or promoter methylation [26, 57]. Additionally, a haplotype TT>A
polymorphic dinucleotide (T deletion followed by T to A transversion) linked to a decrease in
TNFAIP3 expression has been identified [27]. The other factor influencing TNFAIP3 expres-
sion is promoter methylation. Worth mentioning, TNFAIP3 is targeted by promoter methyla-
tion in various hematological malignancies. Accordingly, the inefficient expression of the
TNFAIP3 gene in severe psoriasis vulgaris may be due in part to its aberrant methylation [58,
59].

In this study, no correlations were detected between blood levels of TNFAIP3 mRNA and
each of: skin levels of TNFAIP3 mRNA and skin levels of TNFAIP3 protein. These findings,
together with the previously mentioned finding of absence of significant difference between
blood TNFAIP3 expression levels in mild and moderate to severe cases, confirm that TNFAIP3
is expressed and acts specifically in tissues, irrespective of its blood levels, indicating that
TNFAIP3 blood level is not a reliable indicator of disease severity in psoriatic patients. These
findings also imply that reduced expression of TNFAIP3 is a factor that contributes to the path-
ogenesis of psoriasis. However, it is not the only cause; external environmental stimuli are also
required to precipitate a psoriatic reaction.

Conclusions

The results of this study support previous human studies as well as experimental studies in
mice which clearly suggest the association of TNFAIP3 gene to psoriasis susceptibility and dis-
ease severity. Consequently, TNFAIP3 may serve as both a predictive and prognostic bio-
marker. Moreover, enhancing the expression and/or function of TNFAIP3 gene provides a
new line of treatment which needs to be confirmed by clinical trial studies. As the actions of
TNFAIP3 become more apparent, its role in existent and future therapies for psoriasis
becomes clearer. Further studies to understand the epigenetic events that affect TNFAIP3 reg-
ulation and the correlation between its levels and immunologic features of psoriasis are
required.

PLOS ONE | https://doi.org/10.1371/journal.pone.0217352 May 23,2019 10/14


https://doi.org/10.1371/journal.pone.0217352

@ PLOS|ONE

TNFAIP3in psoriasis vulgaris

Acknowledgments

We acknowledge Prof. Hala Safouh, Professor of Medical Microbiology and Immunology, Fac-
ulty of Medicine, Cairo University, for her tender advice and fruitful criticism.

Author Contributions

Conceptualization: Nahla Yassin Sahlol, Marwa Salah Mostafa, Dina Metwally Salama.
Data curation: Nahla Yassin Sahlol, Dina Metwally Salama.

Formal analysis: Nahla Yassin Sahlol, Dina Metwally Salama.

Funding acquisition: Nahla Yassin Sahlol.

Methodology: Nahla Yassin Sahlol, Marwa Salah Mostafa, Lamiaa Abd El-Fattah Madkour.
Supervision: Marwa Salah Mostafa, Lamiaa Abd El-Fattah Madkour, Dina Metwally Salama.
Visualization: Marwa Salah Mostafa, Lamiaa Abd El-Fattah Madkour.

Writing - original draft: Marwa Salah Mostafa.

Writing - review & editing: Lamiaa Abd El-Fattah Madkour.

References

1. Allan AE, Quinn TR. Psoriasis and other papulosquamous disorders. In: McKean SC, Dressler DD,
Ross JJ, Scheurer DB, eds. Principles and Practice of Hospital Medicine, 2nd edition. New York, NY:
McGraw-Hill Education 2016.

2. Reich K. The concept of psoriasis as a systemic inflammation: implications for disease management. J
Eur Acad Dermatol Venereol 2012; 26:3—11. https://doi.org/10.1111/j.1468-3083.2011.04410.x PMID:
22356630

3. Usatine RP. Psoriasis. In: Ustaine RP, Smith MA, Chumley HS, Mayeaux EJ Jr, editors. The Color
Atlas of Family Medicine. NY McGraw-Hill, 2013.

4. Raychaudhuri SK, Maverakis E, Raychaudhuri SP. Diagnosis and classification of psoriasis. Autoim-
mun Rev 2014; 13(4-5):490-495. https://doi.org/10.1016/j.autrev.2014.01.008 PMID: 24434359

5. YeungH, Takeshita J, Mehta NN, Kimmel SE, Ogdie A, Margolis DJ, et al. Psoriasis severity and the
prevalence of major medical comorbidity: a population-based study. JAMA dermatol 2013; 149
(10):1173—-1179. https://doi.org/10.1001/jamadermatol.2013.5015 PMID: 23925466

6. Machado-Pinto J, Diniz MDS, Bavoso NC. Psoriasis: new comorbidities. An. Bras. Dermatol 2016; 91
(1):8—14. https://doi.org/10.1590/abd1806-4841.20164169 PMID: 26982772

7. Gelfand JM, Mehta NN, Langan SM. Psoriasis and cardiovascular risk: Strength in numbers Part 11. J
Investig Dermatol 2011; 131(5):1007—1010. https://doi.org/10.1038/jid.2011.32 PMID: 21494241

8. Parisi R, Webb RT, Carr MJ, Moriarty KJ, Kleyn CE, Griffiths CE,et al. Alcohol-related mortality in
patients with psoriasis: A population-based cohort study. JAMA Dermatol 2017; 153(12): 1256—1262.
https://doi.org/10.1001/jamadermatol.2017.3225 PMID: 28914955

9. Lowes MA, Suarez-Farifias M, Krueger JG. Immunology of psoriasis. Annu. Rev. Immunol 2014;
32:227-255. https://doi.org/10.1146/annurev-immunol-032713-120225 PMID: 24655295

10. KimJ, Krueger JG. The immunopathogenesis of psoriasis. Dermatol clin 2015; 33(1):13-23. https://doi.
org/10.1016/j.det.2014.09.002 PMID: 25412780

11. Kanelleas A, Liapi C, Katoulis A, Stavropoulos P, Avgerinou G, Georgala S, et al. The role of inflamma-
tory markers in assessing disease severity and response to treatment in patients with psoriasis treated
with etanercept. Clin Exp Dermatol 2011; 36(8): 845-850. https://doi.org/10.1111/j.1365-2230.2011.
04131.x PMID: 21790728

12. Prieto-Perez R, Cabaleiro T, Dauden E, Abad-Santos F. Gene polymorphisms that can predict
response to anti-TNF therapy in patients with psoriasis and related autoimmune diseases. Pharmaco-
genomics J. 2013; 13: 297-305. https://doi.org/10.1038/tpj.2012.53 PMID: 23337970

13. SunH, Gong S, Carmody RJ, Hilliard A, LiL, Sun J, et al. TIPE2, a negative regulator of innate and
adaptive immunity that maintains immune homeostasis. Cell 2008; 133: 415—-426. https://doi.org/10.
1016/j.cell.2008.03.026 PMID: 18455983

PLOS ONE | https://doi.org/10.1371/journal.pone.0217352 May 23,2019 11/14


https://doi.org/10.1111/j.1468-3083.2011.04410.x
http://www.ncbi.nlm.nih.gov/pubmed/22356630
https://doi.org/10.1016/j.autrev.2014.01.008
http://www.ncbi.nlm.nih.gov/pubmed/24434359
https://doi.org/10.1001/jamadermatol.2013.5015
http://www.ncbi.nlm.nih.gov/pubmed/23925466
https://doi.org/10.1590/abd1806-4841.20164169
http://www.ncbi.nlm.nih.gov/pubmed/26982772
https://doi.org/10.1038/jid.2011.32
http://www.ncbi.nlm.nih.gov/pubmed/21494241
https://doi.org/10.1001/jamadermatol.2017.3225
http://www.ncbi.nlm.nih.gov/pubmed/28914955
https://doi.org/10.1146/annurev-immunol-032713-120225
http://www.ncbi.nlm.nih.gov/pubmed/24655295
https://doi.org/10.1016/j.det.2014.09.002
https://doi.org/10.1016/j.det.2014.09.002
http://www.ncbi.nlm.nih.gov/pubmed/25412780
https://doi.org/10.1111/j.1365-2230.2011.04131.x
https://doi.org/10.1111/j.1365-2230.2011.04131.x
http://www.ncbi.nlm.nih.gov/pubmed/21790728
https://doi.org/10.1038/tpj.2012.53
http://www.ncbi.nlm.nih.gov/pubmed/23337970
https://doi.org/10.1016/j.cell.2008.03.026
https://doi.org/10.1016/j.cell.2008.03.026
http://www.ncbi.nlm.nih.gov/pubmed/18455983
https://doi.org/10.1371/journal.pone.0217352

@ PLOS|ONE

TNFAIP3in psoriasis vulgaris

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Opipari AW, Boguski MS, Dixit VM. The A20 cDNA induced by tumor necrosis factor alpha encodes a
novel type of zinc finger protein. J Biol Chem 1990; 265: 14705-14708. PMID: 2118515

Tejasvi T, Stuart PE, Chandran V, Voorhees JJ, Gladman DD, Rahman P, et al. TNFAIP3 gene poly-
morphisms are associated with response to TNF blockade in psoriasis. J Invest Dermatol 2012; 132
(3):593-600.

Sohn KC, Back SJ, Choi DK, Shin JM, Kim SJ, Im M, et al. The inhibitory effect of A20 on the inflamma-
tory reaction of epidermal keratinocytes. Int J Mol Med. 2016; 37(4):1099-1104. https://doi.org/10.
3892/ijmm.2016.2514 PMID: 26936212

Lee EG, Boone DL, Chai S, Libby SL, Chien M, Lodolce JP, et al. Failure to regulate TNF-induced NF-
KB and cell death responses in A20-deficient mice. Science 2000; 289(5488): 2350-2354. PMID:
11009421

Rasi S, Rossi D, Gaidano G. TNFAIP3 (tumor necrosis factor, alpha-induced protein 3). Atlas of Genetic
and Cytogenics in Oncology and Haematology 2009.http://atlasgeneticsoncology.org/Genes/
TNFAIP3ID42600ch6g23.html. Accessed November 26, 2018.

Catrysse L, Vereecke L, Beyaert R,van Loo G. A20 in inflammation and autoimmunity. Trends immunol
2014; 35(1):22-31. https://doi.org/10.1016/}.it.2013.10.005 PMID: 24246475

Dawel M, Welteke V, Oeckinghaus A, Baens M, Kloo B, Ferch U, et al. A20 negatively regulates T cell
receptor signaling to NF-kB by cleaving Malt1 ubiquitin chains. J Immunol 2009; 182(12):7718-7728.
https://doi.org/10.4049/jimmunol.0803313 PMID: 19494296

Kingeter LM, Paul S, Maynard SK,Cartwright NG, Schaefer BC. Cutting edge: TCR ligation triggers digi-
tal activation of NF-«B. J Immunol 2010; 185(8): 4520-4524. https://doi.org/10.4049/jimmunol. 1001051
PMID: 20855880

Werner SL, Kearns JD, Zadorozhnaya V, Lynch C, O’Dea E, Boldin MP, et al. Encoding NF-aB tempo-
ral control in response to TNF: distinct roles for the negative regulators IkBa and A20. Genes Dev 2008;
22(15):2093-2101. https://doi.org/10.1101/gad. 1680708 PMID: 18676814

Tavares RM, Turer EE, Liu CL, Advincula R, Scapini P, Rhee L, et al. The ubiquitin modifying enzyme
A20 restricts B cell survival and prevents autoimmunity. Immunity 2010; 33(2):181-191. https://doi.org/
10.1016/j.immuni.2010.07.017 PMID: 20705491

Hammer GE, Turer EE, Taylor KE, Fang CJ, Advincula R, Oshima S, et al. Expression of A20 by den-
dritic cells preserves immune homeostasis and prevents colitis and spondyloarthritis. Nat Immunol
2011; 12(12):1184—1193. https://doi.org/10.1038/ni.2135 PMID: 22019834

Grinberg-Bleyer Y, Dainichi T, Oh H, Heise N, Klein U, Schmid RM, et al. Cutting edge: NF-«kB p65 and
c-Rel control epidermal development and immune homeostasis in the skin. J Immunol. 2015; 194
(6):2472-2476. https://doi.org/10.4049/jimmunol. 1402608 PMID: 25681334

Nair RP, Duffin KC, Helms C, Ding J, Stuart PE, Goldgar D, et al. Genome-wide scan reveals associa-
tion of psoriasis with IL-23 and NF-kB pathways. Nat Genet 2009; 41(2):199-204. https://doi.org/10.
1038/ng.311 PMID: 19169254

Adrianto |, Wen F, Templeton A, Wiley G, King JB, Lessard CJ, et al. Association of a functional variant
downstream of TNFAIP3 with systemic lupus erythematosus. Nat Genet 2011; 43(3):253-258. https://
doi.org/10.1038/ng.766 PMID: 21336280

Lippens S, Lefebvre S, Gilbert B, Sze M, Devos M, Verhelst K, et al. Keratinocyte-specific ablation of
the NF-kB regulatory protein A20 (TNFAIP3) reveals a role in the control of epidermal homeostasis.
Cell Death Differ 2011; 18(12):1845—-1853. https://doi.org/10.1038/cdd.2011.55 PMID: 21566665

Wang S, Wen F, Wiley GB,Kinter MT, Gaffney PM. An enhancer element harboring variants associated
with systemic lupus erythematosus engages the TNFAIP3 promoter to influence A20 expression. PLoS
Genet 2013; 9(9):e1003750. https://doi.org/10.1371/journal.pgen.1003750 PMID: 24039598

Wang S, Wen F, Tessneer KL,Gaffney PM. TALEN-mediated enhancer knockout influences TNFAIP3
gene expression and mimics a molecular phenotype associated with systemic lupus erythematosus.
Genes Immun 2016; 17(3):165—-170. https://doi.org/10.1038/gene.2016.4 PMID: 26821284

Nititham J, Taylor KE, Gupta R, Chen H, Ahn R, Liu J, et al. Meta-analysis of the TNFAIP3region in pso-
riasis reveals a risk haplotype that is distinct from other autoimmune diseases. Genes Immun. 2015; 16
(2):120—-126. https://doi.org/10.1038/gene.2014.75 PMID: 25521225

Walle LV, Van Opdenbosch N, Jacques P, Fossoul A, Verheugen E, Vogel P, et al. Negative regulation
of the NLRP3 inflammasome by A20 protects against arthritis. Nature 2014; 512(7512):69-73. https:/
doi.org/10.1038/nature 13322 PMID: 25043000

Duong BH, Onizawa M, Oses-Prieto JA, Advincula R, Burlingame A, Malynn BA, et al. A20 restricts ubi-
quitination of pro-interleukin-1( protein complexes and suppresses NLRP3 inflammasome activity.
Immunity 2015; 42(1):55-67. https://doi.org/10.1016/j.immuni.2014.12.031 PMID: 25607459

PLOS ONE | https://doi.org/10.1371/journal.pone.0217352 May 23,2019 12/14


http://www.ncbi.nlm.nih.gov/pubmed/2118515
https://doi.org/10.3892/ijmm.2016.2514
https://doi.org/10.3892/ijmm.2016.2514
http://www.ncbi.nlm.nih.gov/pubmed/26936212
http://www.ncbi.nlm.nih.gov/pubmed/11009421
http://atlasgeneticsoncology.org/Genes/TNFAIP3ID42600ch6q23.html
http://atlasgeneticsoncology.org/Genes/TNFAIP3ID42600ch6q23.html
https://doi.org/10.1016/j.it.2013.10.005
http://www.ncbi.nlm.nih.gov/pubmed/24246475
https://doi.org/10.4049/jimmunol.0803313
http://www.ncbi.nlm.nih.gov/pubmed/19494296
https://doi.org/10.4049/jimmunol.1001051
http://www.ncbi.nlm.nih.gov/pubmed/20855880
https://doi.org/10.1101/gad.1680708
http://www.ncbi.nlm.nih.gov/pubmed/18676814
https://doi.org/10.1016/j.immuni.2010.07.017
https://doi.org/10.1016/j.immuni.2010.07.017
http://www.ncbi.nlm.nih.gov/pubmed/20705491
https://doi.org/10.1038/ni.2135
http://www.ncbi.nlm.nih.gov/pubmed/22019834
https://doi.org/10.4049/jimmunol.1402608
http://www.ncbi.nlm.nih.gov/pubmed/25681334
https://doi.org/10.1038/ng.311
https://doi.org/10.1038/ng.311
http://www.ncbi.nlm.nih.gov/pubmed/19169254
https://doi.org/10.1038/ng.766
https://doi.org/10.1038/ng.766
http://www.ncbi.nlm.nih.gov/pubmed/21336280
https://doi.org/10.1038/cdd.2011.55
http://www.ncbi.nlm.nih.gov/pubmed/21566665
https://doi.org/10.1371/journal.pgen.1003750
http://www.ncbi.nlm.nih.gov/pubmed/24039598
https://doi.org/10.1038/gene.2016.4
http://www.ncbi.nlm.nih.gov/pubmed/26821284
https://doi.org/10.1038/gene.2014.75
http://www.ncbi.nlm.nih.gov/pubmed/25521225
https://doi.org/10.1038/nature13322
https://doi.org/10.1038/nature13322
http://www.ncbi.nlm.nih.gov/pubmed/25043000
https://doi.org/10.1016/j.immuni.2014.12.031
http://www.ncbi.nlm.nih.gov/pubmed/25607459
https://doi.org/10.1371/journal.pone.0217352

@ PLOS|ONE

TNFAIP3in psoriasis vulgaris

34.

35.

36.

37.

38.

39.

40.

4.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Onizawa M, Oshima S, Schulze-Topphoff U, Oses-Prieto JA, Lu T, Tavares R, et al. The ubiquitin-modi-
fying enzyme A20 restricts ubiquitination of the kinase RIPK3 and protects cells from necroptosis. Nat
immunol 2015; 16(6):618-627. https://doi.org/10.1038/ni.3172 PMID: 25939025

Ryan C, Bowcock A, Menter A. Use of pharmacogenomics in psoriasis. J Clin Invest 2011; 1(3):399—
411.

Cordoro KM, Feldman SR. TNF-alpha inhibitors in dermatology. Skin Therapy Lett 2007; 12(7):4—6.
PMID: 17940711

van den Reek JMPA, Coenen MJH, van de L’Isle Arias M, Zweegers J, Rodijk-Olthuis D, Schalkwijk J,
et al. Polymorphisms in CD84, IL12B and TNFAIP3 are associated with response to biologics in patients
with psoriasis. Br J Dermatol. 2017; 176(5):1288—1296. https://doi.org/10.1111/bjd.15005 PMID:
27564082

Gantier MP, Stunden HJ, McCoy CE, Behlke MA, Wang D, Kaparakis-Liaskos M, et al. A miR-19 regu-
lon that controls NF-kB signaling. Nucleic acids Res 2012; 40(16):8048—-8058. https://doi.org/10.1093/
nar/gks521 PMID: 22684508

Graff JW, Dickson AM, Clay G,McCaffrey AP, Wilson ME. Identifying functional microRNAs in macro-
phages with polarized phenotypes. J Biol Chem 2012; 287: 21816—21825. https://doi.org/10.1074/jbc.
M111.327031 PMID: 22549785

Kim SW, Ramasamy K, Bouamar H,Lin AP, Jiang D, Aguiar RC. MicroRNAs miR-125a and miR-125b
constitutively activate the NF-kB pathway by targeting the tumor necrosis factor alpha-induced protein 3
(TNFAIP3, A20). Proc Natl Acad Sci 2012; 109(20):7865—-7870. https://doi.org/10.1073/pnas.
1200081109 PMID: 22550173

Jiang X, TianH, Fan Y, Chen J, Song Y, Wang S, et al. Expression of tumor necrosis factor alpha-
induced protein 3 mRNA in peripheral blood mononuclear cells negatively correlates with disease
severity in psoriasis vulgaris. Clin Vaccine Immunol 2012; 19(12):1938-1942. https://doi.org/10.1128/
CV1.00500-12 PMID: 23054742

Ryan C, Korman NJ, Gelfand JM, Lim HW, Elmets CA, Feldman SR, et al. Research gaps in psoriasis:
opportunities for future studies. J Am Acad Dermatol 2014; 70(1):146—167. https://doi.org/10.1016/].
jaad.2013.08.042 PMID: 24126079

Tsuruta D. NF-kB links keratinocytes and lymphocytes in the pathogenesis of psoriasis. Recent Pat
InflammAllergy Drug Discov. 2009; 3(1):40-48.

Aki A, Nagasaki M, Malynn BA,Ma A, Kagari T. Hypomorphic A20 expression confers susceptibility to
psoriasis. PloS one 2017; 12(6):e0180481. https://doi.org/10.1371/journal.pone.0180481 PMID:
28658319

Devos M, Mogilenko DA, Fleury S, Gilbert B, Becquart C, Quemener S, et al. Keratinocyte Expression
of A20/ TNFAIP3 Controls Skin Inflammation Associated with Atopic Dermatitis and Psoriasis. J Invest
Dermatol. 2019; 139(1):135—145. https://doi.org/10.1016/}.jid.2018.06.191 PMID: 30118730

Franco-Jarava C, Wang H, Martin-Nalda A, Alvarez SD, Garcia-Prat M, Bodet D, et al. TNFAIP3hap-
loinsufficiency is the cause of autoinflammatory manifestations in a patient with a deletion of 13Mb on
chromosome 6. Clin Immunol. 2018; 191:44-51. https://doi.org/10.1016/j.clim.2018.03.009 PMID:
29572183

Aksentijevich |, Zhou Q. NF-kappaB pathway in autoinflammatory diseases: dysregulation of protein
modifications by ubiquitin defines a new category of autoinflammatory diseases. Front Immunol 2017;
8:399. https://doi.org/10.3389/fimmu.2017.00399 PMID: 28469620

Kadowaki T, Ohnishi H, Kawamoto N, Hori T, Nishimura K, Kobayashi C, et al. Haploinsufficiency of
A20 causes autoinflammatory and autoimmune disorders. J Allergy Clin Immunol. 2018; 141(4):1485—
1488. https://doi.org/10.1016/j.jaci.2017.10.039 PMID: 29241730

Liu X, Liu Y, Xu M, Li J, Teng X, Cheng H, et al. Zinc finger protein A20 is involved in the antipsoriatic
effect of calcipotriol. Br J Dermatol 2016; 175(2):314—324. https://doi.org/10.1111/bjd.14481 PMID:
26875609

Dyring-Andersen B. The evolving regulatory role of ubiquitin-editing enzyme A20 in psoriasis during cal-
cipotriol treatment. Br J Dermatol. 2016; 175(2):245-246. https://doi.org/10.1111/bjd. 14656 PMID:
27535599

Tang YJ, Zhang RZ, Liu XM, Xu CX, Cheng S, Liu Ql. Effect of the topical application of calcipotriol on
the expression levels of zinc finger protein A20and nuclear factor-kB in the skin lesions of patients with
psoriasis vulgaris. Exp Ther Med. 2016; 11(1):247-250. https://doi.org/10.3892/etm.2015.2887 PMID:
26889249

Ma A, Malynn BA. A20: linking a complex regulator of ubiquitylation to immunity and human disease.
Nat Rev Immunol. 2012; 12(11):774-785. https://doi.org/10.1038/nri3313 PMID: 23059429

PLOS ONE | https://doi.org/10.1371/journal.pone.0217352 May 23,2019 13/14


https://doi.org/10.1038/ni.3172
http://www.ncbi.nlm.nih.gov/pubmed/25939025
http://www.ncbi.nlm.nih.gov/pubmed/17940711
https://doi.org/10.1111/bjd.15005
http://www.ncbi.nlm.nih.gov/pubmed/27564082
https://doi.org/10.1093/nar/gks521
https://doi.org/10.1093/nar/gks521
http://www.ncbi.nlm.nih.gov/pubmed/22684508
https://doi.org/10.1074/jbc.M111.327031
https://doi.org/10.1074/jbc.M111.327031
http://www.ncbi.nlm.nih.gov/pubmed/22549785
https://doi.org/10.1073/pnas.1200081109
https://doi.org/10.1073/pnas.1200081109
http://www.ncbi.nlm.nih.gov/pubmed/22550173
https://doi.org/10.1128/CVI.00500-12
https://doi.org/10.1128/CVI.00500-12
http://www.ncbi.nlm.nih.gov/pubmed/23054742
https://doi.org/10.1016/j.jaad.2013.08.042
https://doi.org/10.1016/j.jaad.2013.08.042
http://www.ncbi.nlm.nih.gov/pubmed/24126079
https://doi.org/10.1371/journal.pone.0180481
http://www.ncbi.nlm.nih.gov/pubmed/28658319
https://doi.org/10.1016/j.jid.2018.06.191
http://www.ncbi.nlm.nih.gov/pubmed/30118730
https://doi.org/10.1016/j.clim.2018.03.009
http://www.ncbi.nlm.nih.gov/pubmed/29572183
https://doi.org/10.3389/fimmu.2017.00399
http://www.ncbi.nlm.nih.gov/pubmed/28469620
https://doi.org/10.1016/j.jaci.2017.10.039
http://www.ncbi.nlm.nih.gov/pubmed/29241730
https://doi.org/10.1111/bjd.14481
http://www.ncbi.nlm.nih.gov/pubmed/26875609
https://doi.org/10.1111/bjd.14656
http://www.ncbi.nlm.nih.gov/pubmed/27535599
https://doi.org/10.3892/etm.2015.2887
http://www.ncbi.nlm.nih.gov/pubmed/26889249
https://doi.org/10.1038/nri3313
http://www.ncbi.nlm.nih.gov/pubmed/23059429
https://doi.org/10.1371/journal.pone.0217352

@ PLOS|ONE

TNFAIP3in psoriasis vulgaris

53.

54.

55.

56.

57.

58.

59.

Arican O, Aral M, Sasmaz S,Ciragil P. Serum levels of TNF-a, IFN-y, IL-6, IL-8, IL-12, IL-17, and IL-18
in patients with active psoriasis and correlation with disease severity. Mediators Inflamm 2005; 2005
(5):273-279. https://doi.org/10.1155/MI1.2005.273 PMID: 16258194

Anderson KS, Petersson S, Wong J, Shubbar E, Lokko NN, Carlstrém M, et al. Elevation of serum epi-
dermal growth factor and interleukin 1 receptor antagonist in active psoriasis vulgaris. Br J Dermatol
2010; 163(5):1085-1089. https://doi.org/10.1111/j.1365-2133.2010.09990.x PMID: 20716221

Xie S, LiJ, Wang JH, Wu Q, Yang P, Hsu HC, et al. IL-17 activates the canonical NF-kB signaling path-
way in autoimmune B cells of BXD2 mice to upregulate the expression of regulators of G-protein signal-
ing 16. J Immunol 2010; 184(5): 2289—2296. https://doi.org/10.4049/jimmunol.0903133 PMID:
20139273

Krikos A, Laherty CD, Dixit VM Transcriptional activation of the tumor necrosis factor alpha-inducible
zinc finger protein, A20, is mediated by kappa B elements. J Biol Chem1992; 267: 17971-17976.
PMID: 1381359

Lodolce JP, Kolodziej LE, Rhee L, Kariuki SN, Franek BS, McGreal NM, et al., 2010. African-derived
genetic polymorphisms in TNFAIP3 mediate risk for autoimmunity. The J Immunol 2010; 184(12):
7001-7009.

Chanudet E, Huang Y, Ichimura K, Dong G, Hamoudi RA, Radford J, et al. A20 is targeted by promoter
methylation, deletion and inactivating mutation in MALT lymphoma. Leukemia 2010; 24(2):483. https://
doi.org/10.1038/leu.2009.234 PMID: 19907439

Frenzel LP, Claus R, Plume N, Schwamb J, Konermann C, Pallasch CP, et al. Sustained NF kappa B
activity in chronic lymphocytic leukemia is independent of genetic and epigenetic alterations in the
TNFAIP3 (A20) locus. Int J Cancer 2011; 128(10): 2495-2500. https://doi.org/10.1002/ijc.25579 PMID:
20669229

PLOS ONE | https://doi.org/10.1371/journal.pone.0217352 May 23,2019 14/14


https://doi.org/10.1155/MI.2005.273
http://www.ncbi.nlm.nih.gov/pubmed/16258194
https://doi.org/10.1111/j.1365-2133.2010.09990.x
http://www.ncbi.nlm.nih.gov/pubmed/20716221
https://doi.org/10.4049/jimmunol.0903133
http://www.ncbi.nlm.nih.gov/pubmed/20139273
http://www.ncbi.nlm.nih.gov/pubmed/1381359
https://doi.org/10.1038/leu.2009.234
https://doi.org/10.1038/leu.2009.234
http://www.ncbi.nlm.nih.gov/pubmed/19907439
https://doi.org/10.1002/ijc.25579
http://www.ncbi.nlm.nih.gov/pubmed/20669229
https://doi.org/10.1371/journal.pone.0217352

