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Abstract: The protein tyrosine phosphatase nonreceptor 22 gene (PTPN22) is an important negative regulator of signal
transduction through the T-cell receptors (TCR). Recently a single-nucleotide polymorphism (SNP) 1858 C/T within this gene
was shown to be a risk factor for several autoimmune diseases, such as rheumatoid arthritis (RA), Graves’ Disease (GD),
systemic lupus erythematosus (SLE), Wegener's granulomatosis (WG) and type 1 diabetes mellitus (T1D). The aim of this
study was to analyze a possible association between 1858 C/T SNP and a number of autoimmune diseases, including RA,
GD and T1D in Russian population. Patients with T1D, GD, RA and healthy controls were genotyped for the 1858 C/T SNP in
PTPN22 gene. We found a significant association between PTPN22 1858 C/T SNP and T1D and GD. 1858T/T genotype was
observed more frequently in T1D and GD patients compared to control subjects. No such association was observed for RA.
In concordance with a previous data establishing PTPN22 1858 C/T SNP association with several autoimmune diseases, our
findings provide further evidence that the PTPN22 gene may play an important role in the susceptibility to some
autoimmune diseases.

INTRODUCTION systemic lupus erythematosus (SLE), etc. In total, they

affect 5-7% of the world population [1]. Autoimmune
Autoimmune diseases are a clinically diverse group of diseases occur as a result of the loss of physiological
complex disorders such as type 1 diabetes mellitus tolerance to self antigens and are characterized by
(T1D), multiple sclerosis (MS), Graves’ disease (GD), persistent activation of immune cells, leading to tissue
Crohn's disease, rheumatoid arthritis (RA), psoriasis, damage [2]. Besides other causes, these diseases have
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complex genetic component which involves many genes
regulating the extent of immune response. Major
histocompatibility complex (MHC), especially MHC
class II, has the most potent genetic influence on
susceptibility to autoimmune disease [1, 3] . Among
multiple non-HLA genes involved in autoimmunity
regulation, cytotoxic T-lymphocyte-associated antigen 4
(CTLA-4) [4-7], tumor necrosis factor (TNF) [3, 8] and
protein tyrosine phosphatase nonreceptor 22 gene
(PTPN22) are the most important.

The PTPN22 gene is located on chromosome 1p13 and
encodes a lymphoid protein tyrosine phosphatase (LYP)
that is important in negative control of T-cell activation
and in T-cell development. PTPN22 belongs to a family
of protein tyrosine phosphatases involved in preventing
spontaneous T-cell activation by dephosphorylation and
inactivation of T-cell receptor-associated kinases and
their substrates [9, 10]. PTPN22 is specifically
expressed in lymphocytes [11] and through formation of
a complex with C-terminal Src Kinase (CSK)
suppresses the downstream mediators of T-cell receptor
signaling [12, 13]. Earlier, PTPN22 gene was found to
be associated with susceptibility to T1D [14]. Later it
was shown that several SNPs could potentially
contribute to susceptibility to various autoimmune
disorders. Among them 1858C/T SNP was the most
stable , where T allele correlated with T1D, RA, SLE,
GD, Addison disease, etc [15-20]. However, the data
varied from population to population and some studies
failed to demonstrate any associations between
1858C/T SNP and autoimmune diseases.

Using a conventional approach, we performed a case-
control  association  study between  1858C/T
polymorphism and type 1 diabetes, RA and Graves’
disease in a Russian population.

PATIENTS AND METHODS

Patients. All patients and control subjects were from the
North-West region of Russia. The study was performed
after written inform consent and was approved by the
Ethic committee from each institute and hospital
participating in the study: Almazov Federal Heart,
Blood and Endocrinology Centre, Saint-Petersburg
Diabetology Center Nel.

T1D. The diagnosis was established before the age of
20 years, using following criteria (defined by the
National Diabetes Data Group): blood glucose level,
presence of ketosis at onset, low body mass index and
the need for insulin treatment. The diagnosis of T1D
was confirmed by the presence of at least one of the two

major antibodies: GAD65 antibodies, and/or anti-
tyrosine phosphate like molecule (ICA512) antibodies.

RA. Patients with 1 to 34 year-lasting (average of
12,524+44,982 years) disease were included in the study,
of which 87% were rheumatoid factor seropositive.

GD. Patients with 1 to 15 year-lasting Graves’ disease
participated in the study. The diagnosis was confirmed
by the presence of thyrotoxicosis (increased levels of
free trilodothyronine, free thyroxine , thyroid-
stimulating hormone (TSH) <0,1 mMU/]) associated
with diffuse hyperfunctional goiter other autoimmune
manifestations  (Graves' ophthalmopathy) and/or
increased level of TSH receptor antibodies.

Healthy control subjects had normal glucose tolerance
and no family history of autoimmune diseases. Genomic
DNA was isolated from the peripheral blood sample
using a phenol-chloroform extraction method [21]. The
study included 150 patients with T1D, 171 patients with
GD, 121 patients with RA and 200 healthy donors.

Genotyping was performed by PCR-restriction fragment
length polymorphism (RFLP) method. A region of the
PTPN22 gene (218-bp) containing the C1858T SNP
(R620W) was amplified by the PCR using genomic
DNA. The sequence-specific primers used were:
forward 5’ -ACTGATAATGTTGCTTCAACGG-3" and
reverse 5-TCACCAGCTTCCTCAACCAC-3[22].
Each 25-pl amplification reaction contained 2 ul (20-30
ng) of DNA, 2.5 pl 10 x PCR buffer, 200 uM dNTPs, 2
mM MgCl2, 200 nM of each primer and 2.5 U Taq
polymerase. The PCR began with an initial denaturation
at 94°C for 5 minutes, followed by 30 cycles consisting
of 30 sec at 94°C, 60 sec at 62°C, and 60 sec at 72°C,
and it ended with a final elongation step at 72°C for 5
minutes. Amplified products were digested using Rsal
(SibEnzyme) overnight at 37°C. Digested products were
electrophoresed on a 3% agarose gel and visualized by
ethidium bromide. Rsal recognizes its target sequence
only when the PTPN22 1858C allele is present. The
1858T allele is not digested and yields one fragment of
218 bp, while the 1858C allele is digested and yields
two fragments of 176 bp and 46 bp.

Statistical analysis. Data obtained for patients and
controls were compared using Chi-square testing and
Fisher exact test. All calculations were performed using
STATISTICA 6.0 program.

RESULTS

The genotype and allele frequencies are presented in
Table 1. Distribution of genotypes was consistent with
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Hardy—Weinberg equilibrium in all groups of patients
and in the control group.

The case-control study showed that the distribution of
the PTPN22 1858C/T SNP genotypes differ
significantly between TID patients and healthy
controls, and between GD patients and healthy controls.
The disease-associated homozygous genotype T/T has
an increased frequency in T1D and GD patients vs.
control subjects: 7% and 4.1% vs. 1%, respectively

(P<0.001, OR 7.84 (95% CI1.71-35.90) for T1D and

P<0.05, OR 4.23 (95% CI 0.87-20.62) for GD).
However, there was no statistically significant
association between T allele and these disorders. This
observation can be partially explained both by the
complexity of statistical analysis in small populations
per se, and with low overall allele frequencies, as
observed for PTPN22 gene polymorphism.

In the group of RA patients, no statistically significant
difference was detected in a distribution of genotypes or
alleles, comparing to the control subjects (Table 1).

Table 1. Frequency of PTPN22 1858C/T alleles and genotypesin patients and healthy controls®

Control T1D GD RA
Genotype (N=200) (N=150) (N=171) (N=121)
or allele
N (%)
T/T 2(1) 11(7) 7 (4) 2(2)
C/T 66 (33) 40 (27) 49 (29) 38 (31)
C/C 132 (66) 99 (66) 115 (67) 81 (67)
P - <0.001 <0.05 NS
OR (95% CI) - 7.84 (1.71-35.90) 4.23 (0.87-20.62) 3.50 (0.74-16.70)
b
Allele T 70 (17.5) 62 (20.5) 63 (18) 42 (17)
Allele C 330 (82.5) 238 (79.5) 279 (82) 200 (83)
P - NS NS NS

®_values are the frequency (number) of genotypes/alleles. P values were tested using X test for each patient group

vs control group.

®_ the odds ratios (ORs) and 95% confidence intervals (95% Cls) are for carriage of TT versus CT+CC genotypes.

““not significant
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DISCUSSION

1858C/T SNP is located in the N-terminal proline-rich
motif of PTPN22 and leads to the substitution of
arginine with tryptophan at codon 620 in lymphoid
protein tyrosine phosphatase. The 1858T allele (variant
620W) of PTPN22 is a gain-of-function form of the
enzyme, thus it results in an increased inhibition of
TCR-mediated signals [23]. In vitro studies showed that
the disease-associated LYP variant 620W prevents the
interaction of LYP with CSK [15]. The CSK-LYP
complex normally suppresses T cell receptor signaling
kinases Lck, ZAP-70 and FYN. However, in the
presence of mutant 620W form of LYP, lack of CSK-
LYP interaction leads to the uncontrolled T cell
induction and results in the increase in overall reactivity
of the immune system [24]. Disruption of mouse
ortholog of the human PTPN22 gene resulted in
elevated serum antibody levels and increased memory T
cells number, which are able to aggravate any
autoimmune process [19, 25].

Numerous studies revealed the correlation between
1858C/T SNP with RA [15, 16, 26-28], SLE [17, 29],
TI1D [14, 18, 30], GD [18, 19], Myasthenia Gravis [31],
WG [32] etc. However, this association may be
questionable for some of these diseases, such as SLE
and RA, as a number of studies failed to demonstrate it
[33, 34]. At the same time, no association with multiple
sclerosis (MS) [35, 36], Crohn's disease [37-39],
ulcerative colitis [39], psoriasis and psoriatic arthritis
[36] was found so far.

In compliance with other authors we demonstrated a
significant association between PTPN22 1858 C/T SNP
and T1D and GD. As many autoimmune disorders T1D
and GD are associated with abnormal activation of
immune system, which results in damage of organs and
tissues. T1D is characterized by autoimmune
destruction of insulin-producing B-cells in the pancreas.
GD is an organ-specific autoimmune thyroid disorder
characterized by hyperthyroidism, various degrees of
diffuse  goiter and  ophthalmopathy.  Genetic
susceptibility is important in the development of both
disorders. Over the last three decades, the study of T1D
has led the field in the identification of genes
underlying complex multifactorial diseases. Besides
HLA class 2 genes, gene encoding insulin, CTLA4 and
interleukin-2 receptor alpha (IL2ZRA) genes, PTPN22
presumably contributes to T1D susceptibility [14, 18,
30, 40, 41]. GD was also reported to have a substantial
genetic component [7, 19, 42].

In contrast to our data for T1D and GD, the association
between PTPN22 1858C/T and RA could not be

verified in our study. This may be explained by the
variation in PTPN22 allele frequencies in different
ethnic groups, as described by Mori et al [43].
According to the available data on PTPN22 allele
frequencies distribution worldwide, the degree of the
association between 1858C/T SNP and different
autoimmune diseases is variable among ethnic
populations, suggesting that 1858C/T SNP may be of
little importance for RA in Russian population.

ACKNOWLEDGEMENTS

This work was supported by Russian Federal programs
“Scientific and Educational resources in Russian
Innovation” and “Socially important diseases
prevention and struggle”.

CONFLICT OF INTERESTS STATEMENT

The authors of this manuscript have no conflict of
interests to declare.

REFERENCES

1. Sinha AA, Lopez MT, McDevitt HO. Autoimmune diseases: the
failure of self tolerance. Science. 1990; 248: 1380-1388.

2. Davidson A, Diamond B. Autoimmune diseases. The New
England journal of medicine. 2001; 345: 340-350.

3. Serrano NC, Millan P, Paez MC. Non-HLA associations with
autoimmune diseases. Autoimmunity reviews. 2006; 5: 209-14.
4. Fernandez-Blanco L, Perez-Pampin E, Gomez-Reino JJ,
Gonzalez A. A CTLA-4 polymorphism associated with
susceptibility to systemic lupus erythematosus. Arthritis and
rheumatism. 2004; 50: 328-329.

5. Bilinska M, Frydecka I, Noga L, Dobosz T, Zoledziewska M,
Suwalska K, Tutak A, Pokryszko-Dragan A. Progression of
multiple sclerosis is associated with exon 1 CTLA-4 gene
polymorphism. Acta neurologica Scandinavica. 2004; 110: 67-71.
6. Kantarci OH, Hebrink DD, Achenbach SJ, Atkinson EJ,
Waliszewska A, Buckle G, McMurray CT, de Andrade M, Hafler
DA, Weinshenker BG. CTLA4 is associated with susceptibility to
multiple sclerosis. Journal of neuroimmunology. 2003; 134: 133-
141.

7. Donner H, Rau H, Walfish PG, Braun J, Siegmund T, Finke R,
Herwig J, Usadel KH, Badenhoop K. CTLA4 alanine-17 confers
genetic susceptibility to Graves' disease and to type 1 diabetes
mellitus. The Journal of clinical endocrinology and metabolism.
1997; 82: 143-146.

8. Correa PA, Gomez LM, Cadena J, Anaya JM. Autoimmunity
and tuberculosis. Opposite association with TNF polymorphism.
The Journal of rheumatology. 2005; 32: 219-224.

9. Mustelin T, Rahmouni S, Bottini N, Alonso A. Role of protein
tyrosine phosphatases in T cell activation. Immunological
reviews. 2003; 191: 139-147.

10. Hill RJ, Zozulya S, Lu YL, Ward K, Gishizky M, Jallal B. The
lymphoid protein tyrosine phosphatase Lyp interacts with the
adaptor molecule Grb2 and functions as a negative regulator of
T-cell activation. Experimental hematology. 2002; 30: 237-244.

www.impactaging.com

371

AGING, April 2011, Vol.3 No.4



11. Cohen S, Dadi H, Shaoul E, Sharfe N, Roifman CM. Cloning
and characterization of a lymphoid-specific, inducible human
protein tyrosine phosphatase, Lyp. Blood. 1999; 93: 2013-2024.
12. Cloutier JF, Veillette A. Cooperative inhibition of T-cell
antigen receptor signaling by a complex between a kinase and a
phosphatase. The Journal of experimental medicine. 1999; 189:
111-121.

13. Gjorloff-Wingren A, Saxena M, Williams S, Hammi D,
Mustelin T. Characterization of TCR-induced receptor-proximal
signaling events negatively regulated by the protein tyrosine
phosphatase PEP. European journal of immunology. 1999; 29:
3845-3854.

14. Bottini N, Musumeci L, Alonso A, Rahmouni S, Nika K,
Rostamkhani M, MacMurray J, Meloni GF, Lucarelli P, Pellecchia
M, Eisenbarth GS, Comings D, Mustelin T. A functional variant of
lymphoid tyrosine phosphatase is associated with type |
diabetes. Nature genetics. 2004; 36: 337-338.

15. Begovich AB, Carlton VE, Honigberg LA, Schrodi SJ,
Chokkalingam AP, Alexander HC, Ardlie KG, Huang Q, Smith AM,
Spoerke JM, Conn MT, Chang M, Chang SY, et al. A missense
single-nucleotide polymorphism in a gene encoding a protein
tyrosine phosphatase (PTPN22) is associated with rheumatoid
arthritis. American journal of human genetics. 2004; 75: 330-
337.

16. Carlton VE, Hu X, Chokkalingam AP, Schrodi SJ, Brandon R,
Alexander HC, Chang M, Catanese JJ, Leong DU, Ardlie KG,
Kastner DL, Seldin MF, Criswell LA, et al. PTPN22 genetic
variation: evidence for multiple variants associated with
rheumatoid arthritis. American journal of human genetics. 2005;
77:567-581.

17. Kyogoku C, Langefeld CD, Ortmann WA, Lee A, Selby S,
Carlton VE, Chang M, Ramos P, Baechler EC, Batliwalla FM,
Novitzke J, Williams AH, Gillett C, et al. Genetic association of
the R620W polymorphism of protein tyrosine phosphatase
PTPN22 with human SLE. American journal of human genetics.
2004; 75: 504-507.

18. Smyth D, Cooper JD, Collins JE, Heward JM, Franklyn JA,
Howson JM, Vella A, Nutland S, Rance HE, Maier L, Barratt BJ,
Guja C, lonescu-Tirgoviste C, et al. Replication of an association
between the lymphoid tyrosine phosphatase locus (LYP/PTPN22)
with type 1 diabetes, and evidence for its role as a general
autoimmunity locus. Diabetes. 2004; 53: 3020-3023.

19. Velaga MR, Wilson V, Jennings CE, Owen CJ, Herington S,
Donaldson PT, Ball SG, James RA, Quinton R, Perros P, Pearce SH.
The codon 620 tryptophan allele of the lymphoid tyrosine
phosphatase (LYP) gene is a major determinant of Graves'
disease. The Journal of clinical endocrinology and metabolism.
2004; 89: 5862-5865.

20. Orozco G, Sanchez E, Gonzalez-Gay MA, Lopez-Nevot MA,
Torres B, Caliz R, Ortego-Centeno N, Jimenez-Alonso J, Pascual-
Salcedo D, Balsa A, de Pablo R, Nunez-Roldan A, Gonzalez-
Escribano MF, et al. Association of a functional single-nucleotide
polymorphism of PTPN22, encoding lymphoid protein
phosphatase, with rheumatoid arthritis and systemic lupus
erythematosus. Arthritis and rheumatism. 2005; 52: 219-224.
21. Sambrook J FE, Maniatis T (1989). Molecular Cloning: A
Laboratory Manual, 2nd edition. ( NY: Cold Spring Harbor
Laboratory' Press, Cold Spring Harbor).

22. Zheng W, She JX. Genetic association between a lymphoid
tyrosine phosphatase (PTPN22) and type 1 diabetes. Diabetes.
2005; 54: 906-908.

23. Vang T, Congia M, Macis MD, Musumeci L, Orru V, Zavattari
P, Nika K, Tautz L, Tasken K, Cucca F, Mustelin T, Bottini N.
Autoimmune-associated lymphoid tyrosine phosphatase is a
gain-of-function variant. Nature genetics. 2005; 37: 1317-1319.
24. Siminovitch KA. PTPN22 and autoimmune disease. Nature
genetics. 2004; 36: 1248-1249.

25. Hasegawa K, Martin F, Huang G, Tumas D, Diehl L, Chan AC.
PEST domain-enriched tyrosine phosphatase (PEP) regulation of
effector/memory T cells. Science. 2004; 303: 685-689.

26. Wesoly J, Hu X, Thabet MM, Chang M, Uh H, Allaart CF, Toes
RE, Houwing-Duistermaat JJ, Begovich AB, Huizinga TW. The
620W allele is the PTPN22 genetic variant conferring
susceptibility to RA in a Dutch population. Rheumatology. 2007;
46: 617-621.

27. Viken MK, Amundsen SS, Kvien TK, Boberg KM, Gilboe IM,
Lilleby V, Sollid LM, Forre OT, Thorsby E, Smerdel A, Lie BA.
Association analysis of the 1858C>T polymorphism in the
PTPN22 gene in juvenile idiopathic arthritis and other
autoimmune diseases. Genes and immunity. 2005; 6: 271-273.
28. Pierer M, Kaltenhauser S, Arnold S, Wahle M, Baerwald C,
Hantzschel H, Wagner U. Association of PTPN22 1858 single-
nucleotide polymorphism with rheumatoid arthritis in a German
cohort: higher frequency of the risk allele in male compared to
female patients. Arthritis research & therapy. 2006; 8: R75.

29. Pradhan V, Borse V, Ghosh K. PTPN22 gene polymorphisms
in autoimmune diseases with special reference to systemic lupus
erythematosus disease susceptibility. Journal of postgraduate
medicine. 2010; 56: 239-242.

30. Kawasaki E, Awata T, lkegami H, Kobayashi T, Maruyama T,
Nakanishi K, Shimada A, Uga M, Kurihara S, Kawabata Y, Tanaka
S, Kanazawa Y, Lee |, et al. Systematic search for single
nucleotide polymorphisms in a lymphoid tyrosine phosphatase
gene (PTPN22): association between a promoter polymorphism
and type 1 diabetes in Asian populations. American journal of
medical genetics. Part A. 2006; 140: 586-593.

31. Vandiedonck C, Capdevielle C, Giraud M, Krumeich S, Jais JP,
Eymard B, Tranchant C, Gajdos P, Garchon HJ. Association of the
PTPN22*R620W polymorphism with autoimmune myasthenia
gravis. Annals of neurology. 2006; 59: 404-407.

32. Jagiello P, Aries P, Arning L, Wagenleiter SE, Csernok E,
Hellmich B, Gross WL, Epplen JT. The PTPN22 620W allele is a
risk factor for Wegener's granulomatosis. Arthritis and
rheumatism. 2005; 52: 4039-4043.

33. Wu H, Cantor RM, Graham DS, Lingren CM, Farwell L, Jager
PL, Bottini N, Grossman JM, Wallace DJ, Hahn BH, Julkunen H,
Hebert LA, Rovin BH, et al. Association analysis of the R620W
polymorphism of protein tyrosine phosphatase PTPN22 in
systemic lupus erythematosus families: increased T allele
frequency in systemic lupus erythematosus patients with
autoimmune thyroid disease. Arthritis and rheumatism. 2005;
52:2396-2402.

34. lkari K, Momohara S, Inoue E, Tomatsu T, Hara M, Yamanaka
H, Kamatani N. Haplotype analysis revealed no association
between the PTPN22 gene and RA in a Japanese population.
Rheumatology. 2006; 45: 1345-1348.

35. Begovich AB, Caillier SJ, Alexander HC, Penko JM, Hauser SL,
Barcellos LF, Oksenberg JR. The R620W polymorphism of the

www.impactaging.com

AGING, April 2011, Vol.3 No.4



protein tyrosine phosphatase PTPN22 is not associated with
multiple sclerosis. American journal of human genetics. 2005;
76:184-187.

36. Hinks A, Barton A, John S, Bruce |, Hawkins C, Griffiths CE,
Donn R, Thomson W, Silman A, Worthington J. Association
between the PTPN22 gene and rheumatoid arthritis and juvenile
idiopathic arthritis in a UK population: further support that
PTPN22 is an autoimmunity gene. Arthritis and rheumatism.
2005; 52: 1694-1699.

37. van Oene M, Wintle RF, Liu X, Yazdanpanah M, Gu X,
Newman B, Kwan A, Johnson B, Owen J, Greer W, Mosher D,
Maksymowych W, Keystone E, et al. Association of the lymphoid
tyrosine phosphatase R620W variant with rheumatoid arthritis,
but not Crohn's disease, in Canadian populations. Arthritis and
rheumatism. 2005; 52: 1993-1998.

38. Wagenleiter SE, Klein W, Griga T, Schmiegel W, Epplen JT,
Jagiello P. A case-control study of tyrosine phosphatase
(PTPN22) confirms the lack of association with Crohn's disease.
International journal of immunogenetics. 2005; 32: 323-324.

39. Martin MC, Oliver J, Urcelay E, Orozco G, Gomez-Garcia M,
Lopez-Nevot MA, Pinero A, Brieva JA, de la Concha EG, Nieto A,
Martin J. The functional genetic variation in the PTPN22 gene
has a negligible effect on the susceptibility to develop
inflammatory bowel disease. Tissue antigens. 2005; 66: 314-317.
40. Criswell LA, Pfeiffer KA, Lum RF, Gonzales B, Novitzke J, Kern
M, Moser KL, Begovich AB, Carlton VE, Li W, Lee AT, Ortmann W,
Behrens TW, et al. Analysis of families in the multiple
autoimmune disease genetics consortium (MADGC) collection:
the PTPN22 620W allele associates with multiple autoimmune
phenotypes. American journal of human genetics. 2005; 76: 561-
571.

41. Chagastelles PC, Romitti M, Trein MR, Bandinelli E, Tschiedel
B, Nardi NB. Association between the 1858T allele of the protein
tyrosine phosphatase nonreceptor type 22 and type 1 diabetes
in a Brazilian population. Tissue antigens. 2010; 76: 144-148.

42. Brix TH, Kyvik KO, Christensen K, Hegedus L. Evidence for a
major role of heredity in Graves' disease: a population-based
study of two Danish twin cohorts. The Journal of clinical
endocrinology and metabolism. 2001; 86: 930-934.

43. Mori M, Yamada R, Kobayashi K, Kawaida R, Yamamoto K.
Ethnic differences in allele frequency of autoimmune-disease-
associated SNPs. Journal of human genetics. 2005; 50: 264-266.

www.impactaging.com

373

AGING, April 2011, Vol.3 No.4



