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RESEARCH DESIGN AND METHODS — The C1858T polymorphism was genotyped
using TaqMan. Fasting C-peptide, A1C, and insulin requirements were determined at diagnosis
and every 3 months for 12 months; their change during follow-up was analyzed using the general
linear model repeated-measures procedure.
RESULTS — Fasting C-peptide levels were significantly lower and A1C levels were significantly higher in subjects carrying the PTPN22 1858T variant than in subjects homozygous for
C1858 from time of disease diagnosis through 12 months of intensive insulin therapy follow-up
(P ⫽ 0.008 and P ⫽ 0.01, respectively). These findings were independent of age at onset, sex, and
HLA risk groups. The trend in C-peptide and A1C levels in the 12-month period did not differ
significantly between subjects with or without the 1858T variant. Insulin dose was similar in the
1858T carriers and noncarriers.
CONCLUSIONS — Type 1 diabetic subjects carrying the 1858T variant show significantly
lower ␤-cell function and worse metabolic control at diagnosis and throughout the study period
than subjects homozygous for C1858; these differences remain unchanged over the course of the
first year after diagnosis.
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T

ype 1 diabetes is an immunemediated disease leading to the destruction of insulin-producing
␤-cells (1,2). The degree of ␤-cell destruction and the consequent amount of

residual ␤-cell function are heterogeneous and lead to variations in C-peptide
secretion detectable at the time of disease
diagnosis (3) and even after insulin administration (4). Although some type 1
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RESEARCH DESIGN AND
METHODS — This study was performed in 120 consecutive subjects (64
men and 56 women) with type 1 diabetes
diagnosed in the Lazio region of Central
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OBJECTIVE — Evidence has been reported for a new susceptible locus for type 1 diabetes,
the protein tyrosine phosphatase nonreceptor type 2 (PTPN22), which encodes a lymphoidspecific phosphatase. The aim of the study was to evaluate the influence of the C1858T variant
of the PTPN22 gene on ␤-cell function as measured by C-peptide levels from time of disease
diagnosis through 12 months follow-up in a prospective series of 120 consecutive type 1 diabetic
subjects.

diabetic subjects lose ␤-cell function
completely soon after diagnosis, others
retain partial function over a long period
of time (3,4). Such findings suggest that
in type 1 diabetes, the natural course of
␤-cell destruction may vary considerably,
and it is possible that a different genetic
background may influence the course of
the disease. A new gene susceptible to
type 1 diabetes, the protein tyrosine phosphatase nonreceptor type 2 (PTPN22) (5),
which encodes a lymphoid-specific phosphatase known as lymphoid tyrosine
phosphatase (LYP), a powerful inhibitor
of T-cell activation (6), has recently been
identified outside the HLA region. Several
studies have shown that a missense single
nucleotide polymorphism (SNP),
C1858T, in the PTPN22 gene is associated
with type 1 diabetes (5) and other autoimmune diseases (7–9). So far, it is unclear how the 1858T allele can influence
the activity of LYP. In a recent study, Vang
et al. (10) demonstrated that the 620Trp
variant (which corresponds to the 1858T
allele) is a gain-of-function form of the
protein, but the mechanism by which the
PTPN22 620Trp variant exerts its diseasepromoting effect has yet to be established.
Altered LYP function in peripheral
CD4⫹CD25⫹ T regulatory cells, making
them less potent in suppressing immune
responses against autoantigens, has recently been suggested (11). Finally, evidence has been provided regarding a
permissive role played by the PTPN22
1858T variant on disease progression
from pre–type 1 diabetes to overt disease
(12). In view of these considerations, the
present study was designed to investigate
whether the missense SNP C1858T of the
PTPN22 gene may have an effect on ␤-cell
function as measured by C-peptide levels
in type 1 diabetic subjects at diagnosis
and in the course of the 12 months after
disease onset.
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Table 1—Clinical characteristics in type 1 diabetic subjects according to PTPN22 C1858T
genotypes
C1858T genotype

Sex (male/female)
Age at diagnosis (years)
Ketonuria (%)
BMI (kg/m2)

CC

CT⫹TT

47/41
14.78 ⫾ 7.7
75
18.34 ⫾ 3.52

17/15
15.48 ⫾ 7.9
78
17.84 ⫾ 3.13

Data are means ⫾ SEM unless indicated otherwise. CC vs. CT⫹TT: P ⬎ 0.05 for all comparisons made.

Italy within the framework of the Immunotherapy Diabetes (IMDIAB) Group
(13). All subjects were Caucasians with
parents of Italian origin. The age of patients ranged from 5 to 36 years (mean ⫾
SEM age 14.9 ⫾ 7.8 years). Type 1 diabetes was diagnosed according to the American Diabetes Association classification
criteria. The study was approved by the
ethical committees at Universities “Sapienza” and “Campus Bio-Medico.” Written
informed consent was obtained from all
participating subjects.
In type 1 diabetic subjects intensive
insulin therapy with three injections of
regular insulin plus glargine insulin once
a day was implemented from the time of
diagnosis for optimization of metabolic
control. Regular adjustments were made
every 3 months, with frequent telephone
consultations with the subjects (or parents if the subject was a child).
Fasting blood samples were collected
in the morning within 1 week of disease
diagnosis and with plasma glucose levels
⬍180 mg/dl. Blood samples for genomic
extraction were stored at ⫺20°C before
use. Genomic DNA was extracted using a
QIAamp DNA Blood Kit (QIAGEN
Genomics, Bothell, WA). The missense
SNP C1858T was genotyped using the
fluorogenic 5⬘ nuclease assay application
of the ABI PRISM 7900HT Sequence Detection System (ABI, Foster City, CA).
Genotyping was performed using the following primers: forward, 5⬘-CAACTGCTCCAAGGATA GATGATGA-3⬘;
reverse, 5⬘-CCAGCTTCCTCCTCAACCAATAAATG-3⬘; and the TaqMan MGB
probes Fam TCAGGTGTCCGTACAGG
and Vic TCAGGTGTGTCCATACAGG.
Of the 10 ng/l of DNA, 4 l were dispensed into 384-well PCR plates using a
Biomek FX robot (Beckman Coulter, Fullerton, CA) to which 2 l of a mix containing primers, MGB probes, and
TaqMan Universal PCR Master Mix (ABI)
was added in accordance with manufacturers’ instructions. These were sealed

Figure 1—Residual ␤-cell function as measured by C-peptide (nanomoles per liter) in 88 type 1
diabetic subjects with the CC (F) genotype and 32 type 1 diabetic subjects with the CT⫹TT (f)
genotype. CC vs. CT⫹TT: P ⫽ 0.008.
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with optical seals (ABI) and incubated at
95°C for 10 min followed by 40 cycles of
95°C for 15 s and 60°C for 1 min before
analysis on an 7900HT plate reader (ABI).
Fasting C-peptide levels, A1C (normal
range 4 – 6%), and insulin requirements
were evaluated at diagnosis and every 3
months for 12 months afterward. Cpeptide was determined by a radioimmunoassay using a commercial kit (Bio-Rad,
Milan, Italy) validated through the international C-peptide workshop in 150 control subjects (aged 5– 40, median age 18
years: 0.35–1 nmol/l) with intra-assay
and interassay coefficients of variation of
10 and 15%, respectively; A1C was measured by a column assay (Bio-Rad). Ketonuria was defined as presence of ketones
at ⬎20 mg/dl in the urine.
Statistical analysis was performed using SPSS (version 12; SPSS, Chicago, IL).
P ⬍ 0.05 was considered to be statistically
significant. Data are expressed as
means ⫾ SEM.
The variances of fasting C-peptide,
A1C, and insulin requirements during
follow-up were analyzed using the general linear model repeated-measures pro-

RESULTS — The clinical characteristics of subjects with type 1 diabetes
grouped according to their PTPN22
C1858T genotype are reported in Table 1.
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cedure. This provided the analysis of
groups of related variables representing
different measurements of the same attribute (within-subjects factor) (14). The
model included between-subjects factors
that divided the population into groups
according to their genotype and time of
follow-up by genotype interaction, using
age, sex, and HLA risk groups as covariates. HLA genotypes were introduced as a
dichotomous variable in the analysis as
follows: high and moderate risk ⫽ 1 and
low risk ⫽ 0 (high-risk genotype:
DRB1*03-DQB1*0201/DRB1*04DQB1*0302; moderate-risk genotypes:
DRB1*04-DQB1*0302/DRB1*04DQB1*0302, DRB1*03-DQB1*0201/
DRB1*03-DQB1*0201, DRB1*04DQB1*0302/X, and DRB1*03/X [X
different from DRB1*03, DRB1*04DQB1*0302, or DQB1*0602/03]; and
low-risk genotypes: all other genotypes).
C-peptide and A1C were log10 transformed to normalize their distributions.
On the basis of a previous study (15) in
which C-peptide levels were twice as high
among class III/III genotype as in class I/I
and in class I/III of the IDDM2 gene, the
present study should be able to detect a
doubling in C-peptide levels in subjects
homozygous for the C1858 variant compared with subjects carrying the 1858T
variant of the PTPN22 with a power of
99% and significance level of 5%, using
our sample size of 32 CT⫹TT patients
and 88 CC patients.

PTPN22 gene and ␤-cell destruction

Fasting C-peptide levels in type 1 diabetic
subjects carrying the 1858T variant of the
PTPN22 gene were significantly lower
than those in subjects homozygous for the
C1858 allele from time of disease diagnosis through the 12-month follow-up (P ⫽
0.008; means ⫾ SEM for C-peptide at diagnosis and after 12 months were 0.29 ⫾
0.02 and 0.31 ⫾ 0.02, respectively, in CC
subjects and 0.21 ⫾ 0.02 and 0.21 ⫾
0.02, respectively, in CT⫹TT subjects)
(Fig. 1). Moreover, A1C levels in subjects
carrying the 1858T allele variant were significantly higher than those in subjects
homozygous for the C1858 allele during
the 12-month period (P ⫽ 0.01; means ⫾
SEM for A1C at diagnosis and after 12
months were 10.14 ⫾ 0.24 and 6.72 ⫾
0.14, respectively, in CC subjects and
10.94 ⫾ 0.52 and 6.86 ⫾ 0.23, respectively, in CT⫹TT subjects) (Fig. 2). These
findings were independent of age at onset,
sex, and HLA risk groups. Nonetheless,
the changes in C-peptide and A1C levels
over the observational period did not differ significantly between 1858T carriers
and noncarriers. The insulin dose at diagnosis and after 3, 6, 9, and 12 months did
not differ between subjects with or without the 1858T variant of the PTPN22 gene
(means ⫾ SEM for insulin requirement at
diagnosis and after 12 months were
0.66 ⫾ 0.06 and 0.45 ⫾ 0.04, respectively, in CC subjects and 0.72 ⫾ 0.03
and 0.51 ⫾ 0.03, respectively, in CT⫹TT
subjects) (Fig. 3).
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CONCLUSIONS — T h i s
study
shows that in type 1 diabetic subjects the
1858T variant of the PTPN22 gene is significantly associated with lower ␤-cell
function as measured by C-peptide levels
and higher A1C levels independent of age
at diagnosis, sex, and HLA risk groups
from disease diagnosis through the 12month follow-up compared with C1858
homozygous subjects. These differences
remain unchanged in the course of the
first year after diagnosis.
We can speculate that, after diagnosis, other factors could interfere with the
progression of the disease. Intensive insulin therapy implemented at diagnosis and
during follow-up in all patients is able to

Figure 3—Insulin requirement values (international units per kilogram) in 88 type 1 diabetic
subjects with the CC (F) genotype and 32 type 1 diabetic subjects with the CT⫹TT (f) genotype.
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Figure 2—A1C values (percent) in 88 type 1 diabetic subjects with the CC (F) genotype and 32
type 1 diabetic subjects with the CT⫹TT (f) genotype. CC vs. CT⫹TT: P ⫽ 0.01.

alter the natural course of ␤-cell destruction (16), and, perhaps, by means of such
treatment, a different trend in C-peptide
levels between subjects carrying the two
genetic variants cannot be described.
It can be argued that the PTPN22
1858T individuals had experienced more
destructive ␤-cell damage before the clinical onset of diabetes and then maintained
significant lower levels of C-peptide compared with C1858 homozygotes during
the first year after diagnosis. However, because we have no information on the status of ␤-cell function before the onset of
diabetes in the two groups, it remains to
be established why the 1858T gene variant determines a more aggressive autoimmune process.
We have previously demonstrated
that C-peptide levels are significantly
higher in patients with low HLA DRB1DQB1 risk genotypes compared with
those with high and moderate risk at disease diagnosis (17), underlining the importance of the genetic component in the
preservation of ␤-cell function.
Altered LYP function, codified by the
1858T variant, in CD4⫹CD25⫹ T regulatory cells, making them less potent in suppressing immune response, could explain
more aggressive ␤-cell destruction and
consequently a major loss in ␤-cell function in type 1 diabetic subjects carrying
this genetic variant (11). The PTPN22
1858T variant has been found to be
strongly associated with progression to
␤-cell–specific autoimmunity and clinical
disease (12). This progression was demonstrated by a fourfold higher risk of developing an additional autoantibody
carried by islet cell antibody–positive
children possessing the PTPN22 TT genotype compared with children with the CC
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genotype. These findings could explain
why, in our subjects carrying the
PTPN22-susceptible variant, lower levels
of C-peptide are detectable at diagnosis of
type 1 diabetes.
Considering the clinical relevance of
the present findings, Palmer et al. (18)
reported that a difference of 0.1 nmol/l in
C-peptide levels (as in the present study)
would probably be considered meaningful in a clinical trial testing the efficacy of
preserving ␤-cell function, although it
would yield a small difference in A1C in
intensively treated patients. Nonetheless,
the Diabetes Control and Complications
Trial (16) demonstrated that even
relatively modest treatment effects on Cpeptide will result in clinically meaningful benefits. In fact, even modest retention
of ␤-cell function in individuals with type
1 diabetes is recognized to result not only
in better metabolic control but also in reduced end-organ complications (especially retinopathy) and is associated with
a significantly reduced risk of serious
hypoglycemia.
The insulin dose required by type 1
diabetic subjects carrying different genotypes was not statistically significant between the groups from disease onset
through follow-up. However, A1C levels
were significantly higher in type 1 diabetic subjects carrying the PTPN22 1858T
variant. This finding suggests that, because of the lower ␤-cell function, overall
metabolic control is impaired in subjects
carrying the 1858T variant compared
with that in CC homozygotes, despite the
fact that all subjects were treated with intensive insulin therapy, and every effort
was made to keep glucose control within
as normal ranges as possible.
In summary, the results from this
study indicate that extension of ␤-cell destruction in type 1 diabetes could be controlled in part by the PTPN22 gene.
Future approaches aimed to prevent the
progression of ␤-cell loss using C-peptide
as the primary outcome should take into
account the genetic background of subjects, with particular reference to the
PTPN22 gene variant; further studies are
needed to replicate and extend these
findings.
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