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 Introduction 

 Chronic urticaria (CU) is a debilitating skin disorder 
with a profound impact on quality of life  [1] . In some con-
ditions it can be even life-threatening in the form of up-
per airway angioedema. The pathogenesis of CU is not 
well understood. Its pathophysiology includes immune 
and inflammatory components as well as hormonal ab-
normalities  [2–4] . Besides, there is a concept of its auto-
immune origin. About 35–50% of CU patients suffer 
from autoimmune urticaria. Autoimmune origin of urti-
caria is connected with IgG anti-IgE antibodies or anti-
bodies directed against the high-affinity IgE receptor 
(Fc � R1)  [5] . Autologous serum skin test (ASST) is positive 
in 50–60% of active CU patients. The negative result of 
this test is a valuable marker of the absence of circulating 
functional autoantibodies  [6] .

  A strong association was proved between autoimmune 
CU and major histocompatibility complex class allele  [7] . 
In the O’Donnel et al. study  [7]  HLA II allele frequencies 
combination in CU patients with positive ASST and pos-
itive histamine release from basophils was correlated 
with DRBI * 04 and totally different from allele frequen-
cies in the group of patients with negative ASST. Such a 
relationship suggests the role of a genetic component in 
the pathogenesis of some types of urticaria. Moreover, in 
such a way autoimmune urticaria seems to be associated 
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 Abstract 

  Background:  The association of chronic urticaria (CU) with 
autoimmune disorders is relatively well proved. Protein tyro-
sine phosphatase-22 (PTPN22) is considered to be one of the 
strongest genetic factors for human autoimmunity. We de-
cided to evaluate whether additional, non 1858C 1 T, PTPN22 
variants are independent contributors to the risk of CU oc-
currence in the Polish population.  Methods:  A total of 91 CU 
patients with a positive result of autologous serum skin test 
and 100 healthy volunteers were enrolled in the study. The 
Urticaria Activity Score was used in disease intensity assess-
ment. In all subjects rs3811021, rs1310182 and rs2488457 
polymorphisms were genotyped.  Results:  We found a high-
er prevalence of –1123 C allele among CU patients. No differ-
ences in the allele and genotype distribution were found in 
the other analyzed polymorphisms. Haplotype construction 
of the three SNPs revealed statistically significant CU asso-
ciation of rs2488457C, rs1310182T and rs3811021T.  Conclu-

sions:  Contrary to previous findings, the contribution of 
PTPN22 to disease susceptibility is suggested. We can specu-
late that CU is a genetically complex disease and that its oc-
currence needs multiple genetic and environmental risk fac-
tors.  Copyright © 2012 S. Karger AG, Basel 
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with HLA alleles related to other autoimmune diseases. 
The coexistence of CU with thyroid autoimmunity is rel-
atively well proved  [8–14] . Asero et al.  [15]  reported an 
association of urticaria with Raynaud’s phenomenon and 
anticentromere antibodies. Besides, there were some sug-
gestions concerning a possible link between the presence 
of the rheumatoid factor and urticaria  [16] . Anti-endo-
thelial cell antibodies were also suspected in the patho-
genesis of urticaria. Those antibodies were also found in 
lupus erythematosus and urticarial vasculitis  [17] .

  Susceptibility to autoimmune disorders seems to be 
predominantly associated with genetic, epigenetic and en-
vironmental factors. Their genetic basis is gradually being 
uncovered  [18] . Protein tyrosine phosphatase-22 (PTPN22), 
located at 1p13.3–p13.1, is considered to be the strongest 
genetic factor for human autoimmunity besides major his-
tocompatibility complex  [19] . PTPN22 encodes Lyp, hema-
topoietic phosphatase negatively regulating TCR signaling 
by dephosphorylating the activating tyrosine of the Src 
family kinase Lck  [20, 21] . Polymorphism in the PTPN22 
(1858C 1 T) was proved to be associated with some auto-
immune diseases such as systemic lupus erythematosus, 
rheumatoid arthritis (RA) and type 1 diabetes (T1D) risk 
occurrence  [22–24] . Additionally, it was shown to be re-
lated to Graves disease and Hashimoto thyroiditis  [25, 26] .

  In our previous study we proved no dependency on 
CU and PTPN22 1858C 1 T polymorphism  [27] . As there 
are suggestions questioning whether the 1858C 1 T exon-
ic SNP represents the only autoimmunity-predisposing 
SNP within the PTPN22 gene (particularly in the context 
of ethnic restrictions), Carlton et al.  [28]  reported evi-
dence for additional SNPs, namely rs3811021 (3 �  untrans-
lated region), rs3789604 and rs1310182 (intron 16) associ-
ated with autoimmunity independently of the 1858C 1 T.

  Another possibly ‘independent’ PTPN22 SNP is pro-
moter polymorphism rs2488457 (–1123G 1 C) located in 
the promoter region  [29] . In previous studies rs2488457 
was associated with acute-onset T1D  [30] . Additionally, 
it was proved to be involved in the pathogenesis of RA in 
the Chinese population  [31]  ( table 1 ).

  Since several forms of autoimmunity have been associ-
ated with CU, we decided to evaluate whether additional, 
non 1858C 1 T, PTPN22 variants are independent con-
tributors to the risk of CU occurrence in the Polish popu-
lation. The project was approved by the Ethical Commit-
tee of the Medical University of Silesia.

  Subjects and Methods 

 Study Sample Characteristics 
 A total of 91 unrelated CU patients (64 females and 27 males, 

mean age 38.1 years, range 21–58 years) with a positive result of 
ASST were enrolled in the study. The   diagnosis of spontaneous type 
of urticaria without known eliciting factors and coexisting sensiti-
zations was established on precise medical history, physical exam-
ination and skin tests. Mean disease duration was 26.9  8  5.78 
months. As a control 100 unrelated healthy volunteers (68 females 
and 32 males, mean age 46.1 years, range 19–59 years) were studied.

  In disease intensity analysis we used the Urticaria Activity 
Score (UAS), a tool based on the assessment of wheals and pruri-
tus in CU, and according to the current guidelines recommended 
in clinical practice, trials and therapy effectiveness analyses  [32, 
33] . According to the indications suggesting documentation of a 
patient self-perception score for several days, we performed a one-
week assessment yielding a total score of 0–42 (UAS7). Addition-
ally, in all CU patients disease onset age was analyzed.

  Genomic DNA Isolation and PTPN22 Genotyping 
 EDTA blood samples were obtained from all examined sub-

jects. Genomic DNA was extracted from peripheral blood leuko-
cytes using the MasterPure TM  DNA Purification Kit (Epicentre 
Technologies, Madison, Wisc., USA), according to the manufac-
turer’s instructions. We analyzed rs3811021, rs1310182 and 
rs2488457 polymorphisms. Genotyping was performed by allelic 
discrimination with Custom TaqMan SNP Genotyping Assays 
(Applied Biosystems, Foster City, Calif., USA) using 7300 real-
time PCR System (Applied Biosystems).

  Statistical Analysis 
 The  �  2  test was used for analysis of the statistical significance 

of the differences in allele and genotype frequencies between pa-
tients and controls. The Kruskal-Wallis test was applied for UAS7 
and disease onset age comparisons among different genotype dis-
tribution subgroups. Statistical analyses were performed using 
Statistica 8.0 PL (StatSoft Inc., Tulsa, Okla., USA). The frequency 
of haplotypes was estimated using the package ‘BayHap’ of the 
software R version 2.11.1 (The R Foundation for Statistical Com-
puting). The linkage disequilibrium between analyzed polymor-
phisms was calculated using the package ‘genetics’.

  Results 

 Hardy-Weinberg equilibrium analysis discovered no 
deviation either in the CU or in the control group. The 
genotype and allele frequencies for the analyzed poly-

Table 1.  Previously suggested disease associations of analyzed 
PTPN22 polymorphisms

SNP Disease [reference]

rs3789604 RA [28]
rs1310182 RA [28]
rs2488457 T1D, RA [30, 31, 43]

D
ow

nl
oa

de
d 

by
: 

21
2.

66
.1

25
.1

85
 -

 8
/1

6/
20

14
 6

:3
9:

54
 P

M



 Brzoza   /Grzeszczak   /Rogala   /Trautsolt   /
Moczulski   
 

Dermatology 2012;224:340–345342

morphisms are presented in  table 2 . We found a statisti-
cally significantly higher prevalence of –1123 C allele 
among CU patients when compared to controls. The 
prevalence of C allele was 1.35-fold higher in the patient 
group. The frequency of the risk homozygous CC geno-
type was 9% in CU and 2% in the control group, with 
borderline statistical significance. No statistically signif-
icant differences in the allele and genotype distribution 
between CU patients and controls were found in the oth-
er analyzed polymorphisms. The analyzed rs2488457, 
rs1310182 and rs3811021 polymorphisms were in almost 
complete linkage disequilibrium (D’ = 0.99). Haplotype 
construction of the three SNPs revealed eight haplotypes, 
of which rs2488457C, rs1310182T and rs3811021T showed 
statistically significant CU association ( table 3 ).

  No dependency between PTPN22 genotypes and the 
severity of urticaria or disease onset age was observed. 
We assumed it after the analysis of these parameters 
in patients with different genotype distributions ( ta-
bles 4–6 ).

  Discussion 

 In CU 35–50% of cases are of autoimmune origin. In 
this group we find patients with the most severe manifes-
tations as this form is more resistant to therapy and pre-
sents a more aggressive course. The ASST is used in au-
toreactivity assessment. Autoreactivity detection in CU 
is described as itchy weal and flare in response to autolo-

Table 2.  PTPN22 genotype and allele distribution in CU patients and healthy controls

SNP Group Genotype distribution,
total number (%)

Allele,
total number (%)

OR (95% CI) p

rs2488457 CU CC
8 (9)

CG
34 (37)

GG
49 (54)

C
50 (27)

G
132 (73)

1.59 (0.83–2.97) 0.155

controls CC
2 (2)

CG
33 (33)

GG
65 (65)

C
37 (18)

G
163 (82)

p’ = 0.049

rs1310182 CU CC
23 (25)

CT
46 (51)

TT
22 (24)

C
92 (51)

T
90 (49)

1.33 (0.67–2.64) 0.474

controls CC
31 (31)

CT
53 (53)

TT
16 (16)

C
115 (57)

T
85 (43)

p’ = 0.208

rs3811021 CU CC
4 (4)

CT
29 (32)

TT
58 (64)

C
37 (20)

T
145 (80)

1.27 (0.68–2.38) 0.508

controls CC
4 (4)

CT
38 (38)

TT
58 (58)

C
46 (23)

T
154 (77)

p’ = 0.611

O R = Odds ratio; CI = confidence interval; p = statistical significance (p’ = allele frequency statistical significance). The OR was 
calculated for patients homozygous or heterozygous carrying risk allele vs. homozygous.

Table 3.  PTPN22 haplotype distribution in CU patients and 
healthy controls

Haplo-
typesa

Control groupb,
frequency (95% CI)

CUc,
frequency (95% CI)

p

GTT 1.5% (0.3–3.5%) 1.8% (0.5–4.1%) ns
CCC 0.3% (0–0.8%) 0% (0–0.1%) ns
GCT 56.9% (50.4–63.1%) 50.1% (43.4–57.1%) ns
CTC 0.4% (0–1.7%) 0% (0%) ns
GTC 22.6% (16.4–28.0%) 20.3% (14.8–26.4%) ns
CCT 0.3% (0–1.2%) 0% (0%) ns
GCT 0.1% (0–0.9%) 0% (0%) ns
CTT 17.9% (13.1–22.7%) 27.8% (21.0–34.3%) 0.027

a  rs2488457, rs1310182, rs3811021. b 200 haplotypes. c 182 hap-
lotypes.

CI = Confidence interval; p = statistical significance; ns = sta-
tistically nonsignificant.

Table 4.  UAS one-week assessment (UAS7) (points) and disease 
onset age (years) in CU patients with rs2488457 different geno-
types

G enotype distribution p

CC CG GG

UAS7 22.387.11 20.287.92 19.488.03 ns
Disease onset age 38.588.12 33.985.83 35.286.75 ns

Dat a are presented as mean 8 standard deviation. p = Statis-
tical significance; ns = statistically nonsignificant. 
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gous serum injection resulting from the presence of dif-
ferent serum histamine-releasing factors. To diagnose au-
toimmune urticaria, functional autoantibodies must be 
confirmed by in vitro laboratory histamine release tests 
 [6, 33] .

  There are some immunological links between autoim-
mune urticaria and autoimmune disorders. Immuno-
reactive non-histamine-releasing anti-Fc � RI �  autoanti-
bodies were found in patients with RA, systemic lupus 
erythematosus, systemic sclerosis and dermatomyositis 
 [34, 35] . In RA patients anti-IgE autoantibodies were 
found  [34, 35] . Moreover, IgE in immune complexes was 
assumed to sensitize RA synovial mast cells  [36] .

  As the occurrence of CU is frequently associated with 
autoimmune thyroid diseases and genetic susceptibility 
to autoimmune thyroid diseases is well proved, we spec-
ulated on a genetic background of CU  [37–40] . PTPN22 
was proved to be associated with a susceptibility to 
Graves disease and Hashimoto thyroiditis. On the other 
hand, no association was found in a study analyzing
the dependency between PTPN22 and allergic asthma 
 [41] . PTPN22 1858C 1 T is considered to be a significant 
marker for  autoimmunity. The genetic data combined 
with biochemical evidence that this SNP affects PTPN22 
function indicates that this phosphatase is a key regula-
tor of autoimmunity. Although 1858C 1 T represents the 
main autoimmunity-related variant in the PTPN22 
 locus  [23] , the effect of this polymorphisms is limited
to some diseases and populations. In some diseases 
1858C 1 T only accounts for a small part of the linkage 
signal seen at chromosome 1p  [22, 29] . Additionally, 
PTPN22 gene polymorphism shows ethnic differences 
 [42] .

  Constantly, we further analyzed three other PTPN22 
polymorphisms.   As PTPN22 is generally connected with 
autoantibody production, we selected ASST-positive pa-

tients because of the role of ASST as a marker of circulat-
ing functional autoantibodies  [6] . We expected to find 
associations between CU and these polymorphisms as 
autoreactive urticaria is connected with the production 
of autoantibodies. In the present study we found a depen-
dency between rs2488457 polymorphism and suscepti-
bility to CU. We are the first to suggest and prove an as-
sociation of rs2488457 polymorphism with CU suscepti-
bility. Previously, this SNP was supposed to be related to 
autoimmunity, i.e. Kawasaki et al.  [30]  reported an as-
sociation of rs2488457 polymorphism with acute-onset 
T1D. The results from the Onengut-Gumuscu et al. study 
 [43]  were similar. Moreover, this polymorphism was sus-
pected to be related to RA. On the other hand, rs2488457 
was not proved to be involved in T1D and juvenile idio-
pathic arthritis in the Czech population and in T1D in 
the Azeri population  [44] .

  Although Carlton et al.  [28]  proved an association of 
rs1310182 and rs3811021 variants with autoimmunity-re-
lated diseases, no evidence of association with CU in the 
Polish population was found in our study. On the other 
hand, CTT haplotype combination of 2488457, 1310182 
and 3811021 polymorphisms was proved to result in ur-
ticaria. This phenomenon is interesting as allele T of 
rs1310182 and allele C of rs3811021 were previously found 
to be associated with RA  [28] .

  In our study the polymorphism different from 
1858C 1 T PTPN22 was proved to be implicated in the sus-
ceptibility to CU with positive ASST in the Polish popu-
lation. Contrary to our previous findings the contribu-
tion of PTPN22 to disease susceptibility has been sug-
gested  [27] . Similarly to the study on 1858C 1 T, in other 
PTPN22 variants we did nor observe any influence of an-
alyzed genotypes on disease intensity as well as disease 
onset age  [27] .

Table 5.  UAS one-week assessment (UAS7) (points) and disease 
onset age (years) in CU patients with rs1310182 different geno-
types

G enotype distribution p

CC CT TT

UAS7 20.186.61 21.988.22 19.986.97 ns
Disease onset age 32.987.76 36.786.72 38.089.32 ns

Dat a are presented as mean 8 standard deviation. p = Statisti-
cal significance; ns = statistically nonsignificant.

Table 6.  UAS one-week assessment (UAS7) (points) and disease 
onset age (years) in CU patients with rs3811021 different geno-
types

G enotype distribution p

CC CT TT

UAS7 19.287.31 22.385.99 20.487.93 ns
Disease onset age 37.986.93 33.488.14 36.387.53 ns

Dat a are presented as mean 8 standard deviation. p = Statis-
tical significance; ns = statistically nonsignificant.
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  Keeping in mind similarities between autoreactive 
and autoimmune urticaria, in the light of our results we 
can suppose a similar genetic profile in both subtypes of 
CU, though this hypothesis needs further exploration. 
We can speculate that CU is a genetically complex disease 
and its occurrence needs multiple genetic and environ-
mental risk factors. Additional genetic studies on other 
polymorphisms in PTPN22 and possible other loci are 
needed for a detailed analysis concerning a role of the ge-
netic background in CU pathogenesis.
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