
RESEARCH LETTER

High frequency of autoantibodies in patients with long
duration type 1 diabetes
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GADA Antibodies to GAD
HLA Human leucocyte antigen
IA-2A Antibodies to insulinoma associated-2 protein
ZnT8A Antibodies to Zinc transporter-8

To the Editor: It is apparent that small numbers of beta cells
are able to survive in the type 1 diabetic pancreas for many
years after clinical onset. Thus, insulin-positive islets have
been observed in pancreases of patients with long-standing
type 1 diabetes, with islets showing evidence of beta cell
proliferation, apoptosis and T cell infiltration [1]. Circulating
C-peptide was evident in the majority of Joslin Medalists who
survived more than 50 years of diabetes, with age at disease
onset and HLA genotype affecting the concentrations detected
[2]. Post-mortem examination of pancreases from nine of
these patients demonstrated residual beta cells in all individ-
uals, with beta cell proliferation and T cell infiltration still
being evident, even in those with undetectable serum
C-peptide [2]. Although signs of regeneration are not always
seen in the diabetic pancreas, these observations suggest that
beta cell turnover may occur long after diagnosis of type 1
diabetes, surviving beta cell mass being determined by rela-
tive rates of beta cell renewal and autoimmune beta cell
destruction. Factors influencing persistence of autoimmunity
in long-duration type 1 diabetes have not been widely inves-
tigated. In this study we determined the frequencies and levels
of antibodies to the diabetes-associated islet autoantigens GAD
(GADA), IA-2 (IA-2A) and zinc transporter-8 (ZnT8A) in
patients with long-duration type 1 diabetes, and investigated
the influence of age at diagnosis and HLA genotype on auto-
antibody persistence.

The ‘Golden Years’ project was established by Diabetes
UK to investigate clinical features of patients with type 1
diabetes of more than 50 years duration [3]. Serum and
DNA samples were collected with ethics approval and in-
formed consent from 343 HLA-typed patients recruited into
the Golden Years study, with mean age of 69.1 years (range
51–94), age at diagnosis of 14 (range 0–36 years) and duration
of diabetes of 55 years (range 51–75 years). For comparison,
sera were collected from 166 HLA-typed patients within
6 months of diagnosis of type 1 diabetes from clinics in
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London and Yorkshire with mean age of patients at diagnosis
17 years (range 0–37). GADA, IA-2A and ZnT8A (both
325Trp and 325Arg variants) were analysed by radioligand
binding assay [4, 5], with autoantibody levels determined by
comparison with dilution curves constructed using standard
sera; those for GADA and IA-2A were calibrated against the
WHO reference [6]. The performance of assays in the
2012 islet autoantibody standardisation workshop were
as follows: GADA: 70% sensitivity, 96.7% specificity;
IA-2A: 62.0% sensitivity, 100% specificity; ZnT8A:
62% sensitivity, 98.9% specificity (CCR, MRC, unpublished
data). There was insufficient serum for ZnT8A analysis in ten
Golden Years participants. Genotyping for HLA-DRB1
and HLA-DQB1 alleles was by PCR amplification using
sequence-specific primers [7].

GADA, IA-2A and ZnT8Awere detected in 76.5%, 68.1%
and 54.8% of the recent onset type 1 diabetic patients, respec-
tively. HLA associations of GADA and IA-2A in the recent
onset sample were similar to those previously reported [8];
GADAwas associated with HLA-DR3, and IA-2A was posi-
tively associated with HLA-DR4 and negatively associated
with HLA-DR3 in the absence of DR4 (Table 1). The highest
frequency of IA-2Awas seen in the 0–12 year age group. No
associations between ZnT8A and age at onset or HLA were
observed.

Of the long-standing diabetic patients, 197 (57%) were
positive for at least one of the three autoantibodies analysed.
GADA were detected in 48.4% of these patients and the
majority of the positive samples had GADA >50 WHO
units/ml (Table 1). GADA were detected at significantly
higher frequency in patients >18 years of age at onset. Dura-
tion of diabetes did not affect GADA frequency (not shown).
There was no evidence of an association of GADAwithHLA-
DR3. IA-2A and ZnT8A were detected at lower frequencies
(5.8% and 24.6%, respectively) in the Golden Years cohort
and almost all of the IA-2A positive samples were of low titre
(Table 1). IA-2A maintained association with HLA-DR4,
whereas ZnT8Awere not associated with age at onset or HLA.

Autoantibodies have previously been shown to remain
detectable in two thirds of patients during the 10 years after
diabetes onset, and in some cases may increase in titre [9]. Our
results now show a remarkable persistence of GADA in long-
term survivors of type 1 diabetes, both in terms of autoanti-
body frequency and titre. IA-2A and ZnT8Awere also present
in patients with long-duration diabetes, but at lower frequency
than GADA, and with reduced antibody levels. This may
reflect weak expression of IA-2 and ZnT8 in surviving or
regenerating islets in the diabetic pancreas when comparedwith
GAD, or higher concentration requirements to sustain IA-2 and
ZnT8 autoimmune responses. The characteristics of the GADA

Table 1 Frequencies and levels of islet autoantibodies in recent onset and long-standing diabetic patients and effect of age at onset and HLA genotype
on autoantibody frequency

GADA IA-2A ZnT8A

<6 months >50 years <6 months >50 years <6 months >50 years

Autoantibody frequency, n (%) 127/166 (76.5) 166/343 (48.4) 113/166 (68.1) 20/343 (5.8) 91/166 (54.8) 82/333 (24.6)

Antibody levels of positive individualsa, %

>100 U 59.9 34.9 66.4 0 16.5 0

51–100 U 19.6 20.5 13.3 5.0 41.8 19.5

21–50 U 14.1 30.7 5.3 10.0 30.8 40.2

≤20 U 6.3 13.8 15.0 85.0 11.0 40.2

Effect of age at onset, n (%)

0–12 years 27/37 (73.0) 73/162 (45.1) 30/37 (81.1) 10/162 (6.2) 22/37 (59.5) 36/157 (22.9)

13–18 years 51/66 (77.3) 39/92 (42.4) 43/66 (65.2) 7/92 (7.6) 40/66 (60.6) 22/88 (25.0)

>18 years 49/63 (77.8) 54/89 (60.7)* 40/63 (63.5) 3/89 (3.3) 29/63 (46.0) 24/88 (27.3)

HLA genotypes, n (%)

DR3/4 45/52 (86.5)* 79/150 (52.7) 40/52 (76.9) 10/150 (6.67) 27/52 (51.9) 36/144 (25.0)

DR4/non-3 40/58 (69.0) 53/114 (46.5) 41/58 (70.7) 9/114 (7.9) 32/58 (55.2) 31/110 (28.2)

DR3/non-4 32/39 (82.1) 28/61 (45.9) 21/39 (53.8)* 1/61 (1.6) 21/39 (53.8) 11/61 (18.0)

Non-DR3/non-DR4 10/17 (58.8) 7/18 (38.9) 11/17 (64.7) 0/18 (0) 11/17 (64.7) 4/18 (22.2)

HLA alleles, n (%)

DR4 85/110 (77.3) 132/264 (50.0) 81/110 (73.6)* 19/264 (7.2)* 59/110 (53.6) 67/254 (26.4)

DR3 77/91 (84.6)** 117/211 (55.5) 60/91 (65.9) 11/211 (5.2) 48/91 (52.7) 47/205 (22.9)

Associations of antibodies with age at onset and HLAwithin each patient group were tested by χ2 test: *p<0.05; **p<0.01
a units for GADA and IA2A are WHO units [6]
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response differed between patients with recent onset and long-
duration diabetes, with the latter showing stronger association
with older age at onset and a loss of association withHLA-DR3.
HLA requirements for GADA responses may change as the
disease progresses, with ‘high disease risk’ HLA alleles being
important for initial seroconversion [10], but less so as the
response diversifies to new epitopes in established disease [8].
In contrast with the GADA response, the maintenance of an
IA-2A response in long-duration diabetes appears highly
dependent onHLA gene expression, with 19/20 IA-2A positive
patients expressing HLA-DR4.

TheGoldenYears cohort is relatively protected from diabetic
nephropathy and large vessel disease, and these patients require
relatively low insulin doses [3]. The Joslin Medalists study has
demonstrated residual insulin production and beta cell turnover,
which may contribute to long-term survival of patients, but
further islet renewal may be restricted by on-going islet inflam-
mation and beta cell apoptosis [2]. The high frequency of islet
autoantibodies detectable in long duration diabetes in our study
is indicative of sustained immune responses to islet antigen in
patients with long-standing diabetes, potentially stimulated by
antigens from regenerating islets. If this is the case, then pro-
tocols developed to intervene in autoimmune responses to
prevent type 1 diabetes may also benefit the established patient
by helping restore beta cell function.
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