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Introduction

Predicting type 1 diabetes mellitus refers to estimation of
the probability that an individual will develop the disease
in hisor her lifetime or within a defined period. Sinceit is
merely probability, certainty cannot beattained. Therefore,
whileit is possibleto provide reasonably precise measures
of this probability, we must remember that some individ-
ualswith asimilar prior risk as determined by the predic-
tive model used will develop the disease and others will
not. The objective of studies developing predictive mark-
ers, parameters and modelsis to be increasingly discrimi-
natory in the ability toidentify which subjectswill develop
type 1 diabetes and when they will develop the disease[1].
These studies and in particular the measures of disease
probability which they provide are necessary for the de-
sign of meaningful, cost-effective clinical trialswhich test
therapiesaimed at disease prevention or delay, and also for
providing adequate and realistic information to personsto
whom the prediction is applied.

We know that the probability of developing type 1 dia-
betes is affected by a genetic predisposition such that the
risk in discordant monozygotic twinsisseveral-fold higher
than that in offspring or siblings of type 1 diabetic patients,
which in turn is 10-20 times higher than in a person with
no immediate family history of disease [1]. Currently, ge-
netic markers can only provide a relatively low estimate
of diseaseprobability. Moreover, sincethe concordancerate
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in monozygotic twins is only of the order of 50% [2, 3] it
will not be possible to assign disease probabilities greater
than this figure using genetic markers alone. The most ef-
fective markersfor predicting type 1 diabetes have been au-
toantibodies against the endocrine cells within pancreatic
islets [4]. These can be detected in the majority of type 1
diabetic patients at and prior to disease onset. The evalua-
tion of these markersin prospectively followed first-degree
relatives of type 1 diabetic patients has provided a reason-
ably accurate and precise estimation of the disease prob-
ability, enabling a good discrimination of ‘ progressors' to
disease [5-8]. Several factors such as age [9, 10] and ge-
netics [11] independently influence the disease probability
infirst-degreerelatives. In personswith noimmediate fam-
ily history of type 1 diabetes, the source of the majority of
new cases, we generally believe that we will be able to ap-
ply parameters and models derived from families in order
to predict disease, but estimates of disease probability in
thisgroup [ 12—20] remain anecdotal, and we cannot yet pro-
vide scientifically validated probabilities. The aim hereis
to discuss the autoantibody markers available for predict-
ing type 1 diabetes, and how they might be used in models
and strategies to provide disease probabilities.

Autoantibody markers of type 1 diabetes

A marker of disease can be defined as something which is
more prevalent in — or prior to — disease than in non-dis-
ease. Few markers are totally specific for disease. Most
markers are found in both health and disease but with var-
ying degrees of skewness towards disease. Many autoan-
tibodies have been proposed as markers of type 1 diabetes
[21], and these will be discussed.

Islet cell antibodies

The traditional autoantibody markers of type 1 diabetes,
islet cell antibodies (ICA), can be detected in around
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70%—90% of type 1 diabetic patients at and prior to dis-
ease onset, and between 0% and 5% of healthy control sub-
jects[7, 14, 16, 18, 22, 23]. They were first identified in
patients with autoimmunity to multiple endocrine organs
[24] and can also be found in other endocrine autoimmune
disorders, though with prevalences much lower than that
found in type 1 diabetes. ICA are detected by indirect im-
munofluorescence on frozen, unfixed human pancreas sec-
tions [25]. They generally bind to molecules contained in
all islet endocrine cells[26], but thereis considerable het-
erogeneity inthe staining patternsof ICA, and thishas sug-
gested that the antibodies have multiple and variable tar-
get molecules[26-28]. They are predominantly of theim-
munoglobulin G1 (IgGl) subclass [29], and if of suffi-
ciently high titre, ICA of other IgG subclasses can be de-
tected [30]. Like most 1gG antibodies, they can fix com-
plement [31].

The role of ICA as predictive markers has been more
extensively studied than other type 1 diabetes-associated
autoantibodies. Early prospective studies in first-degree
relatives of type 1 diabetic patients showed that |CA could
be detected several years prior to the onset of the clinical
disease [32]. Later, the probability of developing disease
for relativeswas shown to be directly related to the titre of
ICA; relatives having the highest antibody titresalmost al -
ways devel oped the disease, and those with low titres had
amuch lower risk [9, 10, 33]. Nevertheless, not all those
with very high ICA titres develop type 1 diabetes, and es-
timates from pooled retrospective data in the ICARUS
study indicate that the probability that afirst-degree rela-
tive with high titre ICA (>80 JDF units) will develop type
1 diabetes within 5 years after testing is 53% [10]. While
searching for reasonsto explain the differencesin progres-
sion in relatives with similar antibody levels, it was found
that not all ICA are identical. Some ICA were shown to
also stainisletsof both rat and mouse pancreas, while some
rat but not mouse islets (restricted ICA) [27]. Anindepen-
dent study found that some | CA had a predominantly beta-
cell selective staining pattern on humanislets and could be
inhibited by a preparation of brain homogenate, while oth-
ersstained all islet cellsand could not beinhibited by brain
homogenate [26]. A third study also identified two distinct
ICA staining patterns: granular and homogeneous [28].
These studies noted that one of the patterns (restricted,
beta-selective or granular) was associated with a greatly
reduced likelihood of progression to type 1 diabetes. The
antigen specificity of thisICA wasfound to betheislet and
brain autoantigen glutamic acid decarboxylase (GAD)
(videinfra). |CA specificity provides, however, only apar-
tial explanation of the heterogeneity in disease progres-
sion, since having excluded those with restricted or GAD-
specific ICA only, theremainder with hightitre ICA do not
all develop type 1 diabetes [5].

A paradox of the relatively low risk associated with
GAD-specific ICA isthat GAD isalso one of the specific-
ities of ICA found in type 1 diabetes [34, 35]. Therefore,
whilst on their own GAD-specific ICAsmay indicate only
amarginal risk for type 1 diabetes, together with other ICAs
they are amarker of the disease. What are the other ICAS?

E. Bonifacio, P. J. Bingley: Islet autoantibodiesin DM prediction

One has been shown to be another islet and brain autoan-
tigen, the protein tyrosine phosphatase-like molecule, in-
sulinoma associated cDNA 2 (IA-2) and its homologue
IA-28(videinfra) [36, 37]. It hasbeen suggested that GAD
and |A-2/IA-2[3 are the major targets of |CAs associated
with type 1 diabetes[37]. Inhibition of ICA with GAD and
IA-2, however, shows reduction of ICA staining but com-
pletely inhibits the ICA found at onset of type 1 diabetes
in less than 20% of cases (our unpublished observations).
Thisdemonstratesthat thereisat |east one other major ICA
target which requires identification.

Glutamic acid decarboxylase antibodies

These were originally detected as immunoprecipitating
64-kDa proteins from islet homogenates [38]. One of the
proteins within the 64-kDa band immunoprecipitated by
serafrom type 1 diabetic patientsisthe 65,000 M, isoform
of GAD [39]. Antibodies to GADG65 are detected in
70%—80% of patients at and prior to onset of disease and
in <3% of control subjects[7, 18, 19, 23, 40-42]. Antibod-
ies are also detected in the majority of patients with the
rareneurological disorder stiff-man syndrome (SMS) [43],
in occasional patientswith disordersinvolvingaGABAer-
gic dysfunction [44] and in aminority of patients with en-
docrine autoimmunity other than type 1 diabetes [45-47].
Theidentification of GAD65 as an autoantigen of the 64 K
antibodies has allowed high throughput sensitive assays
for antibody measurement to be developed [41, 42]. The
most effective of these are the radiobinding assays which
use either 12°|-labelled recombinant GAD65 or *>S-methi-
onine labelled, in vitro translated recombinant GADG65
[48]. Thereis some cross-reactivity of antibodies with the
67,000 M, isoform of GAD, but few if any patients have
antibodies to GADG67 in the absence of GADG65 reactivity
[40, 49, 50]. The major isotype detected is1gG, and GAD
antibodies of all 1gG subclasses have been reported [51].
In type 1 diabetic patients these antibodies recognise sev-
eral, predominantly conformational epitopes, while in
SMSS patients where titres are 10-1000-fold higher, other
epitopes are also recognised [52-54]. No studies have ad-
equately reported the probability of type 1 diabetes asso-
ciated with the detection of GAD antibodies without prior
selection with ICA. With the possible exception of those
caseswhere| CA issolely dueto the presence of GAD anti-
bodies (restricted or GAD-specific ICA), relatives with
ICA who also have GAD antibodies have a higher prob-
ability of developing type 1 diabetes than those with ICA
alone [5-8, 43]. Moreover, some patients have GAD anti-
bodiesin the absence of ICA at or prior to onset of disease
[5-8]. GAD antibodies are, therefore, important markers
for type 1 diabetes prediction.

IA-2 and 1A-2f3 antibodies

Not all that is immunoprecipitated in the 64-kDa band by
type 1 diabetic serais GAD. It was found that mild prote-
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olysis of the immunoprecipitates yielded fragments of
50-kDa, 40-kDa and 37-kDa [55]. The 50-kDa fragment
derived from GADG65, while the others did not [56]. Anti-
bodies to the 40-kDa and/or 37-kDa tryptic fragments are
found in 50%—75% of type 1 diabetic patients at and prior
to disease onset and in <2% of control subjects [23, 55,
57]. Their detection in individuals with ICA is associated
with a markedly increased probability of developing type
1 diabetes [5-8, 45, 57]. The 40-kDa and 37-kDa tryptic
fragments derive from the related tyrosine phosphatase-
like proteins |A-2 (ICA512) and IA-2(3 (phogrin, IAR)
[68-62]. These are transmembrane proteins expressed in
the secretory granule membranes of islet cells and other
so-called neuroendocrine cells [63, 64]. Identification of
the antigens has enabled assays similar to those for GAD
antibodiesto be developed [65]. These have confirmed the
prevalence to be >50% in type 1 diabetic patients, being
highest in those with a disease onset before the age of 15
years [4, 36]. Antibodies to |A-2 have also been detected
inasmall minority of patients with SMSin the absence of
type 1 diabetes [66] but so far remain relatively specific
for type 1 diabetes. Antibodiesreact primarily to |A-2, and
most, but not all, of the reactivity to |A-28is due to bind-
ing to epitopes which are shared between 1A-2 and |1A-2(3
protein tyrosine phosphatase domains [61, 67]. Studiesin
sequential samples suggest that the initial epitopes recog-
nised are specific to 1A-2, with subsequent spreading to
those shared with |A-283 ([67], our unpublished observa-
tions). Antibodiesrecognise several epitopes, but these ap-
pear to be exclusively within the cytoplasmic portion of
the molecules[68]. Asfor GAD antibodies, studies of 1A-
2 antibodies as predictive markers are mainly confined to
the probability of disease when detected in combination
with other markers such as ICA, GAD antibodies and in-
sulinautoantibodies (IAA) [5-8]. Inthese studiesthe prob-
ability of disease is higher in subjects also having IA-2
antibodies than those with ICA alone.

Insulin autoantibodies

Insulinistheonly beta-cell-specific autoantigen so far iden-
tified. Antibodies to insulin are detected in insulin-naive
(untreated) patients[69], the prevalencebeing almost 100%
invery young individualsand almost absent in patientswith
adult onset of type 1 diabetes [4, 70]. Measurement isonly
reliable with liquid phase radiobinding assays [71] and ap-
pears to be most sensitive in assays using very large serum
volumes and prolonged incubation[72]. Not all binding de-
tected by these assaysisdueto I1gG [ 73], and measurement
with assays using protein A [74] to detect immunocom-
plexes may be more specific than those using polyethylene
glycol (PEG) precipitation. Antibodies to insulin also rec-
ognise proinsulin [75], and additional proinsulin-specific
antibodies have been detected [76, 77]. Cross-reactivity
with insulin-like growth factor has not been reported. Rel-
atives with IAA have an increased probability of develop-
ing type 1 diabetes, and this probability is greatest when
IAA are detected in combination with ICA [78].
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Islet autoantibodies: the remainder

As outlined above, the ICA reactivity seen in sera from
type 1 diabetic patients cannot be totally accounted for by
GAD, IA-2 and insulin, and there is clearly at least one
other mgjor islet autoantibody marker. A large list of pu-
tative targets of islet autoantibodies have been reported,
but not all of these have been confirmed. Early biochemi-
cal characterisation of ICA targets suggested molecules
withglycolipid properties[79, 80], but themajor | CA spec-
ificitiesthusfar identified are proteins, and the specificity
of thebiochemical characterisation of theearly studiessug-
gesting glycolipid targets has been questioned [81]. Gly-
colipid molecules which have been thought to be islet au-
toantigens include sulphatides [82] and the sialoganglio-
sideGM2-1[83]. Antibodiesto GM2-1, which are detected
using asolid-phase assay, have been found to be associated
with an increased probability of type 1 diabetes when
present in relatives with ICA [84]. Their relationship to
ICA remains unclear. No specific inhibition studies have
been reported, and our own unpublished observations sug-
gest that gangliosides purified from humanisletsdo not in-
hibit ICA staining.

Apart from antibodies to GAD, |A-2/1A-2( and insu-
lin, few of the putative islet autoantibodies have been de-
tected by liquid-phase immunoprecipitation assays. One
exception is 38 K antibodies which immunoprecipitate a
38-kDamembraneglycoproteinfromislets[85]. Theseare
found in only a few (less than 20%) patients at and prior
to disease onset, but do appear to be associated with an in-
creased probability of disease. Antibodiesto a155-kDarat
insulinoma protein can also be detected in a liquid-phase
assay [86]. These antibodiesinhibit the binding of amono-
clonal antibody (1A2) to antigen and are found in up to
90% of patients and 4% of control subjects, but also in the

Table1 Putative targets for autoantibodies in insulin-dependent
diabetes (+ reactivity reported by at least one study, + antibodies de-
tected also in liquid phase assays, ? no reportson T cell reactivity)

Antigen Anti- T cells References
bodies
Insulin + + [69-72]
Proinsulin + + [75, 76]
GAD-65 + + [39-42]
GAD-67 + + 49, 50]
IA-2 (ICA512) + + 36, 58—60]
IA-2 beta/Phogrin + ? 61, 62]
38kDa antigen (GLIMA) + ? [85]
52kDa antigen + ? [100]
155kDa antigen + ? 86]
Ganglioside GM2-1 + ? 83, 84]
Ganglioside GT3 + ? 101]
Sulphatide + ? 82]
ICA69 + + 87-90]
Carboxypeptidase H + ? 102]
Glucose transporter (GLUT-2) + ? 103, 104]
Peripherin + ? 105]
Jun B + + 106]
Topoisomerase |1 + ? 107]
ICA12 + ? 108]
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majority of relatives of type 1 diabetic patients. The iden-
tity of the target of the 1A2 monoclonal antibody is un-
known. The remainder of those reported have been de-
tected in solid phase assays such as Western blot, where
binding is to partially denatured antigen at very high con-
centrations. One of these, ICA69 antibodies [87], has
spawned considerable interest due to a region of similar-
ity between the ICA69 protein and the cow milk protein
bovine albumin. Antibodiesto |CA69, however, cannot be
detected by liquid-phase immunoprecipitation assays[88],
are not specific for type 1 diabetes[89], and in aworkshop
were found not be discriminatory between serafrom type 1
diabetic patients and control subjects [90].

Islet antibody measurements

Assays used to detect and quantify autoantibodies provide
the user with signalswhich need to beinterpreted. Itisim-
portant to remember that these signals reflect not only the
number of antibody molecules, but also other factors, in-
cluding antibody avidity, the number of epitopes recog-
nised, non-antibody binding molecules, etc. Moreover, it
is virtually impossible to quantify how many antibody
molecules a signal represents and therefore impossible to
determine when there is or is not antibody in the sample
tested. This can be illustrated by comparing two assays
which measure the same antibody. If we measure GAD
antibodies using an enzyme-linked immunosorbent assay
(ELISA), we would detect antibodiesin only around 30%
of type 1 diabetic patients, while if we used a radiobind-
ing assay (RBA), we would detect antibodies in around
75% of patients [48]. We cannot conclude therefore that
the absence of signal in the ELISA equates to no antibod-
ies since we assume that the presence of signal inthe RBA
does indicate antibodies. Similarly, we cannot conclude
that the absence of signal in RBA means no antibodies. We
can take this further by saying that the absence of signal
in a RBA assay today does not mean an absence of signal
in a RBA assay tomorrow since the minimum number of
antibody molecules the assay will detect varies from day
today. Rather than be discouraged by this, we need to grasp
that our role is not to determine the presence or absence of
antibody, but to ascribe to the assay readout diagnostic or
prognostic meaning (probability of disease or health).
Much effort is expended on determining thresholds of
positivity. Thisis useful for simplifying risk calculations,
but tendsto dichotomisethe signal s of an assay into present
or absent, something we know is not true. There are sev-
eral ways in which thresholds which distinguish the sig-
nals obtained in the majority of healthy individuals from
those in the majority of patients can be calculated. Para-
metric methods based on mean and standard deviationsin
healthy control subjects are common, but the distribution
of signals from autoantibody assays are rarely Gaussian,
and therefore, unless signals are first transformed so that
they fit a normal distribution, these methods are probably
inadequate. An alternative method is to plot the distribu-
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tion of the signals before or after log-transformation on a
normal plot [91]. Inthat caseit isalso possible to pool sig-
nalsfrom both patientsand control subjects. Non-paramet-
ric methods are also common and are usually based on the
interpolation of resultsfrom adistribution histogram to de-
termine, for example, the upper 99th centile of control sub-
jects. Other methods such as receiver-operating character-
istics (ROC) plots[92] are very useful for comparing per-
formances between different assays, but are not particu-
larly helpful in determining thresholds. Each method for
determining a threshold may not give identical endpoints.
When we examined the measurements of 1A-2 antibodies
in 2801 school children, the mean plus 3SD corresponded
to 20.4 units, the mean plus 3SD of log-transformed meas-
urements 1.7 units, and the 99th centile 1.3 units. The pro-
portion of new onset type 1 diabetic casesidentified above
these levels are 61%, 70% and 72%, respectively. One of
the problems in determining thresholds from signals in
control subjectsfor islet antibody measurementsisthat we
cannot be sure that some of the subjects will not develop
type 1 diabetes in the future. The use of the normal plot,
in which signals falling outside the Gaussian distrubution
can be distinguished, may partially overcome this prob-
lem.

In general, we would discourage the use of thresholds,
asthey dichotomise resultsinto positive and negative. The
information that can be obtained from the assay readouts
will be most helpful if wetreat the signals as a continuous
or semi-continuous variable. We know that the probability
of disease differs depending upon the magnitude of thesig-
nal. For example, in the ICA assay, a measurement of 5
JDF unitsis associated with alower probability of devel-
opingtype 1 diabetesthanisasignal of 20 JDF units, which
isin turn lower than that of >80 JDF units [9, 10, 33]. If
the assay is a screening assay designed to exclude those
with very alow probability of developing type 1 diabetes
from further testing, then we would be more likely to
choose alow threshold so as to avoid excluding too many
subjectswhowill develop thedisease. If, ontheother hand,
we want to select those with sufficient risk to enter into a
clinical trial, ahigher threshold is more appropriate so that
not too many are treated unnecessarily. The use of several
thresholds discriminating different probabilities of devel-
oping the disease will provide this flexibility. We would
again stress that it is far better to view islet autoantibody
measurementsintermsof their probability of diseaserather
than the presence or absence of antibody. Finally, we give
awarning to use caution when interpreting autoantibody
measurements for purposes other than disease prediction
or diagnosis, e.g. determining chronology of antibody ap-
pearance. It is tempting to conclude that because one au-
toantibody is usually detected earlier than another, the au-
toimmune response also occurs earlier. However, each is-
let autoantibody marker is measured by unique assays, and
these assays will vary considerably in their ability to de-
tect antibody. For example, just aslow levelsof GAD anti-
bodies are not detected by some ELISAS, the non-GAD,
non-1A-2 ICA antibodies which are currently detected in
the indirect immunofluorescence assay will very likely be
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easier to detect in radiobinding assayswith specifically la-
belled antigen once it becomes available; the IAA assay
which uses large serum volumes and several days of incu-
bation may detect fewer antibody molecules than the ra-
diobinding assays measuring GAD and | A-2 antibodies. It
isnot inconceivable that IAA may be detected earlier than
ICA because of the assay used rather than autoimmunity
occurring earlier.

Screening strategies based
on autoantibody measurement

Several strategies can be applied. We cannot determine
which is best, however, until we know when autoantibod-
iesarefirst detectable and until sufficient numbers of peo-
ple have been followed to disease onset. This can only be
achieved with along prospective follow-up of individuals
from birth with sequential antibody measurement. These
studies are in progress [93-95], and meanwhile we can
make educated guesses based upon cross-sectional anti-
body distributions before and at onset of disease.

We have already discussed that there are currently four
principle antibody markers available: ICA, 1AA, GAD
antibodies and |A-2/IA-2( antibodies. Studies show that
ICA are detected in up to 90% of patients with only minor
variationswith respect to age or sex [23]. |AA are detected
in the majority of patients with very young onset of dis-
ease, and are less prevalent in older onset patients [70].
GAD antibodies are detected in around 75% of patients,
and are more prevalent in older onset patients, while |A-2
antibodies are detected in around 65% of patients and are
more prevalent in younger onset patients (Fig. 1). GAD
and |A-2 antibodies are therefore complementary, and one
or the other is detected in over 90% of patients[8, 23, 97].

The first step in developing a screening strategy is to
identify theinitial screening test. Thistest will be applied
to avery large number of samples and therefore should be
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cheap, relatively easy to perform and able to identify the
majority of those who will develop type 1 diabetes. From
the cross-sectional observationsit istempting to conclude
that most patients have IAA early in life and that these
gradually disappear over time. We cannot, however, becer-
tain of this, and the most effective screening test is likely
to be acombined GAD/IA-2 antibody test. The advantage
of thisis that both antibodies can be screened for in the
same test [20, 36, 97, 98], and that measurement can be
performed on whole capillary blood samples equally well
as on serum [98, 99]. Currently, IAA cannot be incorpo-
rated into the same test, and even if its addition will lead
to the detection of more cases early in life, it remains un-
clear how cost effective its addition in the initial screen-
ing will be.

The second step istoidentify testswhich can beapplied
to those sel ected by the screening test. After creating anti-
gen-specific autoantibody assays, it has become clear that
the probability of developing type 1 diabetes is not only
related to the amount of antibody detected, but probably
more so to the number of autoantibody markers detected
[5-8]. Studiesin type 1 diabetic families, schoolchildren
and patients at and prior to disease onset show that in most
patients or individuals who develop type 1 diabetes, two
or more of the antibody markers are detected, and only a
few have just one marker [4-8, 17, 85]. In contrast, most
relativesor school children sel ected on the basisof elevated
levels of either ICA or GAD/IA-2 antibodies have only a
single marker. Therefore, thoserel atives, neonates, infants
or schoolchildren in whom none or only one of the mark-
ers is detected have a low probability of developing type
1 diabetes. The presence of at least two markers is asso-
ciated with arelatively high probability [50% or more) of
disease [4-8], and the highest risk is found in those with
three or four antibody markers. From these studies, it is
clear that measurement of IAA and ICA in those selected
on the basis of elevated levels of GAD and/or 1A-2 anti-
bodies in the screening test will provide a useful discrim-
ination of type 1 diabetes probability. IAA is essentia if

Fig. 1 The prevalence (%) of
glutamicacid decarboxylase
(GAD) antibodies, IA-2 anti-
bodies and insulin autoantibod-
ies (IAA) above the 99th cen-
tile of control subjects and anti-
body combinations at onset of
disease in 256 type 1 diabetic
patients from the Oxford region
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type 1 diabetes prediction is performed in young individ-
uals. The additional benefit of measuring ICA early inlife
is not clear. Vice versa, the benefit of measuring IAA in
individuals over 15 years old is questionable because of
their low prevalence at this age, and here ICA are still es-
sential. Whether ICA should be considered an additional
marker has been questioned [6] since in some cases the
ICA isdueentirely to the presence of GAD antibodies[26,
34, 35]. We would argue that thisis uncommon and that in
the majority of cases |CA recognising additional antigens
is also present as demonstrated by competition studies
(Bonifacio, unpublished observations). In addition, rela-
tiveswith only ICA and GAD antibodies in the Barts-Ox-
ford family study do have aprobability of developing type
1 diabetes which is greater than those with just elevated
GAD antibodies or ICA aone (Bingley, unpublished ob-
servations), and a substantial number (5 of 24) of relatives
who develop type 1 diabetes had only | CA plus GAD anti-
bodiesor ICA pluslA-2 antibodiesin samples prior to dis-
ease onset (Bingley, unpublished observations).

Another consideration is when and how often should
autoantibody screening be performed. Data from prospec-
tive studies from birth onwards indicate that autoantibod-
ies can be detected in the first years of life [93, 94], and
therefore screening could start as early as 1 year of age.
How often thereafter and for how long remains uncertain.
We must also remember that the levels of antibody mark-
ers, and therefore also the number of markers detected in
asingleindividual, can change over time. Other consider-
ations such as whether antibody screening should be re-
stricted to those in whom an a priori selection using ge-
netic markers [95] has already been done are also unre-
solved. Clearly, this may have the benefit of reducing anti-
body screening costs, but how efficient thiswill bedepends
upon how effective (sensitive and specific) the genetic
screen is.

In conclusion, whilst several islet autoantibodies have
been reported, not al of them are associated with type 1
diabetes, and fewer still will be useful in its prediction.
Currently, ICA, IAA, GAD antibodies and IA-2/IA-23
antibodies are the only established antibody markers for
this purpose. Their combined use has improved our abil-
ity to predict type 1 diabetes and will allow the probabil -
ity of developing the disease to be quantified based on the
level and number of antibody markers detected. Useful
screening strategies for both type 1 diabetic families and
the general popul ation can be proposed which first take ad-
vantage of a single test such as the combined GAD/IA-2
antibody test which has a high sensitivity to exclude those
with avery low probability of developing type 1 diabetes
from further testing, and second apply ICA and/or IAA to
the remainder in order to discriminate those with the high-
est probability of disease. Prediction and prediction strat-
egies should improve when the remainder of the ICA spe-
cifitiesareidentified and when studies of autoantibody and
genetic markers in sequential samples starting with birth
are completed.
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