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Psoriasis vulgaris is considered a chronic inflammatory disease, but its immunopathogenesis has not been well understood. The
tumor necrosis factor alpha-induced protein 3 (TNFAIP3) gene functions in negative-feedback regulation of inflammation, and
its single nucleotide polymorphism is associated with psoriasis. However, the relationship between the expression level of the
TNFAIP3 gene in immune cells and psoriasis is not known so far. In the present study, TNFAIP3 mRNA expression levels in pe-
ripheral blood mononuclear cells from 44 patients with psoriasis vulgaris and 30 healthy controls were determined using real-
time reverse transcription-PCR analysis. We found that expression of TNFAIP3 mRNA in all patients negatively correlated with
the psoriatic area and severity index (PASI) (r � �0.5126; P � 0.0004) as well as with the percentage of body surface area affected
by psoriasis (r � �0.5013; P � 0.0005). Patients were divided into mild and severe groups based on the mean PASI score. Expres-
sion of TNFAIP3 mRNA in the mild group was higher than that in the severe group (P � 0.0064). Moreover, compared with that
in healthy controls, the expression of TNFAIP3 mRNA in the mild group was significantly upregulated (P � 0.0004), but the ex-
pression of TNFAIP3 mRNA in the severe group was not. These results suggest that the expression level of TNFAIP3 plays an
important role in the pathology of psoriasis vulgaris and that the loss of upregulation of TNFAIP3 expression may contribute to
the severity of psoriasis vulgaris.

Psoriasis vulgaris is a systemic, immune-mediated disorder
characterized by inflammatory skin manifestations and sus-

tained activation of multiple immune cells, especially T cells (9,
18, 19). The activity of inflammation is paralleled with disease
severity (12). However, the exact molecular mechanism that sus-
tains inflammation in psoriasis has not been well understood.

Currently, accumulating evidence suggests that an abnormal-
ity of immunoregulatory genes be included in the molecular
pathogenesis of psoriasis vulgaris. The immunoregulatory genes
function in limiting the strength of T cell activation and expansion
and include genes encoding inhibitory cytokines (such as trans-
forming growth factor beta [TGF-�] and interleukin-10 [IL-10]),
negative regulators of antigen receptor signaling (such as cyto-
toxic T lymphocyte antigen 4 [CTLA-4]), and repressive tran-
scription factors (such as Foxp3) (22). Many of these genes have
been discovered to be involved in the pathogenesis of psoriasis.
For instance, serum levels of IL-10 were decreased in psoriasis and
negatively correlated with the psoriatic area and severity index
(PASI) (23). CTLA-4 is an inhibitory receptor expressed on acti-
vated T cells, downregulating T cell activation. Blockade of T lym-
phocyte costimulation with antibody against CTLA-4 reverses the
cellular pathology of psoriatic plaques (1). Foxp3 is a master tran-
scription factor for development and function of Treg cells and is
defective in psoriasis (20).

The ubiquitin-editing enzyme tumor necrosis factor alpha-in-
duced protein 3 (TNFAIP3), also known as A20, is a negative
immunoregulatory protein. Its function is clearly demonstrated
by the phenotype of TNFAIP3-deficient mice, which display ca-
chexia and develop severe multiorgan inflammation causing pre-
mature lethality (26). Constitutive expression of TNFAIP3 is re-

stricted in lymphoid tissues such as the thymus and spleen. In
immune cells, the TNFAIP3 protein can be induced strongly un-
der inflammatory conditions and acts as a negative-feedback reg-
ulator of NF-�B activation. Overexpression of TNFAIP3 can ter-
minate NF-�B signaling transduced from tumor necrosis factor
(TNF) receptors, Toll-like receptors, nucleotide-binding oli-
gomerization domain-containing 2 (NOD2) receptors, and T cell
receptors (8, 13). The TNFAIP3 gene can restrict activation of T
cells by directly inhibiting NF-�B activation in T cells (8) or down-
regulating the T cell stimulatory capacity of dendritic cells (21).

TNFAIP3’s NF-�B-inhibiting activities depend on its ubiqui-
tin-editing function. The N terminus has deubiquitinating activity
and can inhibit NF-�B signaling by removing K63 polyubiquiti-
nation chains from specific NF-�B signaling molecules. The C-
terminal zinc finger-containing domain possesses E3 ubiquitin
ligase activity and can turn off NF-�B activation by promoting
K48 polyubiquitination of specific NF-�B signaling molecules,
followed by proteasome-mediated degradation (7, 25, 27).

Genetic studies have revealed a crucial link between polymor-
phisms in the TNFAIP3 gene locus and psoriasis (24). However,
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the relationship between the expression level of TNFAIP3 and
psoriasis is still unclear. Hence, we examined expression of
TNFAIP3 mRNA in peripheral blood mononuclear cells (PBMC)
from patients with psoriasis vulgaris and analyzed the correlation
between its expression level and disease severity. We also exam-
ined the expression of TNFAIP3 mRNA in healthy individuals and
compared it with the TNFAIP3 expression level in patients with
mild or severe disease.

MATERIALS AND METHODS
Human subjects. Forty-four patients with psoriasis vulgaris were enrolled
in this study. Twenty patients were in the progressive stage, with new
psoriatic lesions presenting themselves. Twenty-four patients were in the
stationary stage, with lesions stopping growth. Psoriasis severity can be
measured by the amount of skin affected by psoriasis (11). The percentage
of body surface area (%BSA) affected by psoriasis was calculated for all
patients by the same physician, who was blinded to the A20 mRNA results.
Another index used to measure the disease severity was the PASI. In the
PASI scoring system, the areas of psoriatic involvement of the head (H),
trunk (T), upper limbs (U), and lower limbs (L) are given numerical
values from 0 to 6, and for each area, erythema (E), infiltration (I), and
desquamation (D) are assessed on a scale of 0 to 4. The PASI is calculated
by use of the following formula: PASI � 0.1(EH � IH � DH)AH �
0.3(ET � IT � DT)AT � 0.2(EU � IU � DU)AU � 0.4(EL � IL � DL)AL

(11). The PASI was evaluated for all patients by the same physician, who
was blinded to the A20 mRNA results. The patients were divided into a
mild group and a severe group based on the mean PASI score. A patient
who had a PASI score lower than the mean value was classified into the
mild group. A patient who had a PASI score equal to or higher than the
mean was classified into the severe group. Thirty sex- and age-matched
healthy controls were also recruited. In order to exclude the influence of
immunosuppressive drugs on TNFAIP3 expression, peripheral blood was
sampled from all patients before they took any immunosuppressive drug.
All of the blood samples from the patients and healthy controls were used
with informed consent and approval from the Ethics Committee of Shan-
dong University, China. The characteristics of the patients and healthy
subjects are summarized in Table 1.

Laboratory assessments. For the psoriasis patients, laboratory pa-
rameters included full blood counts performed on a Coulter LH 750 he-
matology analyzer (Beckman Coulter, Miami, FL), determination of the
erythrocyte sedimentation rate (ESR) using the Westergren test, and de-
tection of rheumatoid factor (RF) and antistreptolysin O (ASO) by the
latex fixation test.

RNA and cDNA preparation from PBMC. PBMC were separated by
density gradient centrifugation from peripheral blood anticoagulated
with sodium citrate. Total RNA was extracted from PBMC (5 � 105) by
use of TRIzol (Invitrogen, CA) and quantified by photometric measure-
ment. One microgram of RNA was reverse transcribed to cDNA by use of
a reverse transcription system kit (Promega, WI).

Quantitative real-time PCR and standard PCR. The expression of
TNFAIP3 mRNA was evaluated by quantitative real-time PCR. The level
of �-actin mRNA was also detected as an internal control for each sample.
Primers used in real-time PCR were as follows: TNFAIP3 forward, 5=-CG
TCCAGGTTCCAGAACACCATTC-3=; TNFAIP3 reverse, 5=-TGCGCTG
GCTCGATCTCAGTTG-3=; �-actin forward, 5=-GACTACCTCATGAA
GATCCTCACC-3=; and �-actin reverse, 5=-TCTCCTTAATGTCACGCA
CGATT-3=. The primers were designed to be exon-exon junction
spanning to increase the specificity for mRNA rather than genomic DNA
and were confirmed via nucleotide BLAST searches (NCBI).

Real-time PCR was performed in an ABI Prism 7000 sequence detec-
tion system (Applied Biosystems, Foster City, CA), using a SYBR green I
real-time PCR kit in accordance with the instructions of the manufacturer
(TaKaRa, Dalian, China). The kit consisted of ROX reference dye (50�)
and a master mix (2�) including hot-starting Taq enzyme, a deoxy-
nucleoside triphosphate (dNTP) mixture, Mg2�, and SYBR green I dye.

Each real-time PCR mixture contained 10 �l of 2� master mix, 2.0 �l of
forward and reverse primers (10 �M concentration of each), 0.4 �l of 50�
ROX reference dye, 2.0 �l of sample cDNA, and 5.6 �l of nuclease-free
water, to make a total volume of 20 �l. Each sample was run in triplicate
with a two-step PCR protocol (95°C for 10 s followed by 40 cycles of 95°C
for 5 s and 60°C for 40 s). All of the PCR products were run in an agarose
gel and were confined to a single band of the expected size. A melting curve
analysis was also performed, and a single peak was present, confirming the
specificity of the products. The expression of the TNFAIP3 gene was nor-
malized to that of �-actin and determined using the comparative 2���CT

method, which is a relative quantification method.
To confirm the results of the quantitative PCR assay, standard PCRs to

amplify the TNFAIP3 gene from PBMC from some subjects were per-
formed with primers different from those used in real-time PCR. The
following sequence-specific primers were used for standard PCR amplifi-
cation: (i) for the internal control �-actin gene, 5=-AGGCCAACCGCGA
GAAGATG-3= (forward) and 5=-CACACGGAGTACTTGCGCTCAG-3=;
and (ii) for the TNFAIP3 gene, 5=-TCAAGCTGCACGGACTCCTG-3=
and 5=-GACCCACCTGTTTCCGGTTAG-3=. Reverse transcription-PCR
(RT-PCR) analysis of �-actin was performed with 26 cycles of 30 s at 94°C,
30 s at 60°C, and 30 s at 72°C, followed by 5 min at 72°C. The product was

TABLE 1 Characteristics of the studied subjects

Characteristic

Valuea

Psoriasis patients
(n � 44)

Healthy controls
(n � 30)

No. (%) of females 17 (38.6) 11 (36.7)
No. (%) of males 27 (61.4) 19 (63.3)
Mean age (range) (yr) 31 (8–67) 28 (15–58)

No. (%) of individuals with
psoriasis type

Plaque type 26 (59.1) 0
Guttate type 18 (40.9) 0

No. (%) of individuals with
psoriasis stage

Stationary 24 (54.5) 0
Progressive 20 (45.5) 0

Mean %BSA (range) 6.34 (0.5–38)
Mean PASI (range) 4.84 (0.2–18)
Mean total lesion area (range) (cm2) 8.5 (1–34)

Cell count (109/liter)
White blood cells 7.17 	 2.17
Red blood cells 4.59 	 0.58
Platelets 231 	 54.8

Cell %
Neutrophils 60.95 	 7.82
Lymphocytes 30.05 	 6.49
Monocytes 6.13 	 2.58
Eosinophils 1.99 	 2.21
Basophils 0.061 	 0.075

ESR (mm/h) 6.27 	 6.07

No. (%) of individuals
RF negative 44 (100.0)
RF positive 0 (0)
ASO negative 27 (61.4)
ASO positive 17 (38.6)

a Unless stated otherwise, values are means 	 standard deviations.
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682 bp. RT-PCR analysis of TNFAIP3 was performed with 30 cycles of
30 s at 94°C, 30 s at 56°C, and 30 s at 72°C, followed by 5 min at 72°C. The
product was 615 bp. The PCR products were separated electrophoretically
in a 1.5% agarose gel and visualized by ethidium bromide staining.

Statistical analysis. Data are presented as means 	 standard devia-
tions. The Mann-Whitney test was used to analyze the difference in
TNFAIP3 mRNA levels between subject groups. Correlation analysis was
carried out using Spearman’s rank test. A probability level of 0.05 was
considered to indicate a significant difference. All analyses were per-
formed with GraphPad Prism software, version 5.0.

RESULTS
Laboratory measurements of patients with psoriasis vulgaris.
The demographic characteristics, clinical manifestations, and lab-
oratory measurements of patients are presented in Table 1. The
mean %BSA affected was 6.34%, with a range of 0.5% to 38%,
while the mean PASI value was 4.84, with a range of 0.2 to 18.
Blood cell counts showed that the numbers of red blood cells,
white blood cells, neutrophils, basophils, and eosinophils were
within their normal ranges for all patients. Two patients (4.5%)
had more lymphocytes and monocytes than would fall within the
normal ranges, and three patients (6.8%) had platelets beyond
the normal level. The range of ESRs was from 0 to 20 mm/h, and
the mean was 6.27 mm/h. No patient tested positive for RF. A total
of 38.6% of patients tested positive for ASO.

Analysis of relationships between TNFAIP3 mRNA expres-
sion and characteristics or laboratory parameters for patients
with psoriasis vulgaris. We examined the expression of TNFAIP3
mRNA in PBMC from 44 patients with psoriasis by using real-
time RT-PCR and analyzed the association of TNFAIP3 expres-
sion with demographic characteristics, clinical manifestations,
and laboratory parameters. The results revealed that TNFAIP3
mRNA expression levels negatively correlated with the %BSA (r �
�0.5013; P � 0.0005) and PASI (r � �0.5126; P � 0.0004) (Fig. 1
and 2). No statistically significant relationships were found be-
tween TNFAIP3 mRNA expression levels and other characteris-
tics, clinical manifestations, or laboratory parameters for the pa-
tients with psoriasis vulgaris.

Comparison of TNFAIP3 mRNA expression in PBMC from
psoriasis patients in the mild or severe group and those from
healthy controls. We examined the expression of TNFAIP3
mRNA in PBMC from 30 healthy control individuals by using
real-time RT-PCR. Psoriasis patients were divided into a mild
group (n � 25) and a severe group (n � 19) based on the mean
PASI score (4.84). The mean TNFAIP3 mRNA expression level in
the mild group (25.22) was significantly upregulated compared

with those for healthy controls (9.45) (P � 0.0004) and the severe
group (10.36) (P � 0.0064). There was no significant difference in
TNFAIP3 expression between the severe group and healthy con-
trols (P � 0.9591). The TNFAIP3 expression of some subjects was
analyzed by standard PCR. The direction of expression was con-
sistent in the standard PCR experiment and the real-time PCR
assay (Fig. 3).

DISCUSSION

Psoriasis is an inflammatory disease associated with dysfunction
of multiple immunoregulatory genes. The TNFAIP3 gene plays a
crucial role in limiting inflammation mediated by immune cells
(8, 21). In this study, we examined the expression level of the
TNFAIP3 gene in PBMC from patients with psoriasis vulgaris and

FIG 1 Negative correlation between TNFAIP3 mRNA expression levels and
%BSA for all patients with psoriasis vulgaris (n � 44).

FIG 2 Negative correlation between TNFAIP3 mRNA expression levels and
PASI for all patients with psoriasis vulgaris (n � 44).

FIG 3 TNFAIP3 mRNA expression levels in PBMC from patients with psori-
asis vulgaris and in those from healthy controls. (A) Real-time RT-PCR was
performed to quantify expression of the TNFAIP3 gene in PBMC from pa-
tients with mild psoriasis (n � 25) and severe psoriasis (n � 19), as well as in
those from healthy controls (n � 30). Horizontal lines indicate means (9.45 for
the control group, 25.22 for the mild group, and 10.36 for the severe group).
TNFAIP3 mRNA expression levels in the mild group were significantly up-
regulated compared with those for healthy controls and the severe group.
There was no significant difference in TNFAIP3 expression between the severe
group and healthy controls. (B) Standard RT-PCR was performed to quantify
expression of the TNFAIP3 gene in PBMC from healthy controls (lanes 1 and
2) and patients with mild psoriasis (lanes 3 and 4) or severe psoriasis (lanes 5,
6, and 7). The expression level of TNFAIP3 was consistent with that resulting
from real-time PCR. **, P 
 0.01; ***, P 
 0.001.
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found that it was negatively correlated with disease severity. Com-
pared to that in healthy controls, the expression of TNFAIP3 was
upregulated in patients with mild disease but not in patients with
severe disease. These results suggest that the expression level of the
TNFAIP3 gene plays a vital role in the pathology of psoriasis vul-
garis and that a loss of upregulation may lead to severe psoriasis
vulgaris.

The expression level of the TNFAIP3 gene may take part di-
rectly in the pathological mechanism of psoriasis vulgaris. The
severity of psoriasis can be determined by the %BSA and the PASI.
The %BSA describes the lesion area, while the PASI takes into
account the area coverage and lesion appearance (11). The expres-
sion of TNFAIP3 mRNA reversely correlated with the PASI as well
as with the %BSA. This means that the expression level of the
TNFAIP3 gene may be involved in the severity of disease. The
expression level of TNFAIP3 was significantly lower in severe dis-
ease than in mild disease. This suggests that low expression of
TNFAIP3 in psoriasis may affect the protein’s function such that
the inflammation cannot be restricted and results in severe psori-
asis vulgaris.

The low TNFAIP3 expression level in severe psoriasis may be
caused by a loss or inefficiency of expression upregulation. An
upregulation of TNFAIP3 expression was induced in patients with
mild psoriasis vulgaris compared with that in healthy controls.
This upregulation may have been due to the chronic inflamma-
tion existing in psoriasis patients. Persistent inflammation in pso-
riasis is characterized by elevated serum levels of multiple proin-
flammatory cytokines, including TNF-�, gamma interferon
(IFN-�), IL-1, IL-2, IL-6, IL-7, IL-8, IL-12, IL-17, and IL-18 (3, 4).
Some proinflammatory cytokines, such as TNF-�, IL-1, and IL-
17, can stimulate PBMC, leading to activation of NF-�B (8, 28).
The activated NF-�B is translocated into the nucleus to bind to
kappa B elements on the TNFAIP3 promoter, enhancing tran-
scription of the TNFAIP30 gene (14). Therefore, sustained in-
flammation accounts for the increased TNFAIP3 expression in
PBMC of patients in the mild group. But TNFAIP3 expression was
not upregulated in the severe group compared to healthy controls,
although the proinflammatory cytokines are also elevated in pa-
tients with severe psoriasis (4, 16). The loss of upregulation may
contribute to the inefficiency of TNFAIP3 expression and affect its
function in limiting inflammation, resulting in severe disease.

The loss of upregulation of TNFAIP3 expression in severe pso-
riasis vulgaris can be explained by a polymorphism or promoter
methylation of the TNFAIP3 gene. Some single nucleotide poly-
morphisms (SNPs) can influence expression of the TNFAIP3
gene, such as two intronic SNPs (rs610604 and rs5029930) asso-
ciated with lower levels of gene expression (5, 15, 17). Addition-
ally, a haplotype (TT 
 A) resulting in reduced TNFAIP3 expres-
sion was recently identified in a conserved regulatory region
downstream of TNFAIP3 (2). Therefore, the loss of upregulation
of TNFAIP3 expression may be attributed partially to polymor-
phism of the TNFAIP3 gene. The other factor affecting expression
of the TNFAIP3 gene is promoter methylation. TNFAIP3 is tar-
geted by promoter methylation in some hematological malignan-
cies (6, 10). Thus, the inefficient expression of the TNFAIP3 gene
in severe psoriasis vulgaris may be due in part to its aberrant meth-
ylation. This remains to be investigated further.

This study is limited by the sole use of a real-time RT-PCR
method for measurement of TNFAIP3 expression and lacks pro-
tein data and data from local psoriatic tissues. Assessment of

TNFAIP3 expression in subsets of peripheral blood mononuclear
cells, such as CD4� T cells, may improve the negative correlation
between TNFAIP3 expression and the disease severity of psoriasis
vulgaris, since psoriasis is considered to be a chronic T cell-medi-
ated inflammatory disease (9, 18) and because the TNFAIP3 gene
functions in limitation of T cell activation (8). Therefore, quanti-
fication of the TNFAIP3 protein by flow cytometry will be an
emphasis in our future research work.

In summary, we report that TNFAIP3 expression in PBMC
from patients with psoriasis vulgaris is reversely correlated with
disease activity. Compared to healthy controls, patients with mild
disease had an upregulation of TNFAIP3 expression, while those
with severe disease did not. Our study suggests that the expression
level of the TNFAIP3 gene is directly involved in the pathological
mechanisms of psoriasis and that a loss of upregulation of
TNFAIP3 expression in immune cells may induce severe disease.
These data support the hypothesis that the TNFAIP3 gene may be
a target for therapy of psoriasis disease.
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