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Plasma protein biomarkers trailblaze as early predictors

of type 1 diabetes

Xiaojing Jia,"-? Shuangyuan Wang,"-> and Jieli Lu'->*
1Department of Endocrine and Metabolic Diseases, Shanghai Institute of Endocrine and Metabolic Diseases, Ruijin Hospital, Shanghai Jiao
Tong University School of Medicine, Shanghai, China
2Shanghai National Clinical Research Center for Metabolic Diseases, Key Laboratory for Endocrine and Metabolic Diseases of the National
Health Commission of the PR China, Shanghai Key Laboratory for Endocrine Tumor, State Key Laboratory of Medical Genomics, Ruijin

Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China

*Correspondence: jielilu@hotmail.com
https://doi.org/10.1016/j.xcrm.2023.101116

Nakayasu et al.’s investigation' on children from TEDDY study revealed robust predictive value of plasma
protein biomarkers in identifying the emergence of persistent autoantibodies and type 1 diabetes. Remark-
ably, this predictive accuracy was observed six months prior to autoimmunity initiation.

The development of type 1 diabetes (T1D)
involves an initial phase of clinically
asymptomatic islet autoimmunity (IA)
characterized by the appearance of islet
autoantibodies, with subsequent pro-
gression to dysglycemia and clinical dia-
betes.” Understanding the early phase is
critical, as the majority of B-cell function
has already been lost by the time of T1D
onset, making intervention or reversal
exceedingly challenging.® Moreover, chil-
dren with T1D are prone to suffering from
life-threatening complications due to poor
metabolic control.” Therefore, it is imper-
ative to discover biomarkers that can
identify early-stage disease in most, if
not all, individuals, in order to delay
B-cell loss and improve prognostic out-
comes. Although islet-specific autoanti-
bodies have proven valuable in predicting
future T1D onset, it should be noted that
not all autoantibody-positive individuals
progress to clinical T1D.® Nevertheless,
it remains unclear whether indicators of
future disease development can be iden-
tified prior to the autoimmune process.
Proteomics analysis has emerged as a
promising approach to discover T1D bio-
markers,®® offering valuable insights into
the underlying pathogenesis of T1D%'°
and potentially more accurate predictions
or diagnoses compared to currently avail-
able autoantibody measurements.
Ernesto S. Nakayasu and colleagues’
conducted a nested case-control study
involving children at higher genetic risk
of developing T1D from seven different
centers in the US and Europe. The study

included 94 individuals with developed
T1D, 401 individuals with persistent
confirmed 1A, and their respective
matched controls. By using the appear-
ance of autoantibodies against pancreatic
islet proteins (known as “seroconver-
sion”) as a turning time point, the re-
searchers conducted six comparisons:
11, IA group vs. controls pre-seroconver-
sion; T1, T1D group vs. controls pre-
seroconversion; |12, cases |IA group vs.
controls post-seroconversion; T2, T1D
group vs. controls post-seroconversion;
I3, pre- vs. post-seroconversion of IA
group; and T3, pre- vs. post-seroconver-
sion of T1D group (Figure 1).

These six comparisons span the pro-
gression from autoantibody negativity to
seroconversion and subsequent diag-
nosis. In the discovery phase analysis, a
total of 376 regulated proteins were iden-
tified, revealing alterations in extracellular
matrix, antigen presentation, inflamma-
tory signaling, complement and coagula-
tion, and cellular metabolism, of which
83 proteins were validated as biomarkers.
Prior to the onset of the autoimmune
response, distinct panels of proteins ex-
isted between the persistent IA group
and T1D group. The IA group exhibited
higher levels of complement factors, while
the T1D group showed higher levels of an-
tigen-processing proteins compared to
their respective controls at pre-serocon-
version time point (comparisons 11 and
T1). Early changes in protein levels might
influence future disease progression. Ma-
chine learning analysis demonstrated that

panels of peptides prior to seroconver-
sion effectively predicted whether individ-
uals would remain in IA or develop T1D
by the age of 6 years (Figure 1). The
selected proteins used to construct the
two models exhibited some distinct but
also overlapping characteristics. Conse-
quently, certain proteins might be regu-
lated throughout all stages of the disease.
Notably, most coagulation and comple-
ment factors, as well as metabolic pro-
teins in IA group, exhibited similar abun-
dance patterns to those in the T1D
group at post-seroconversion time point
(comparisons 12 and T2).

When comparing this study to previous
investigations on T1D biomarkers, certain
similarities can be observed. Previous
studies,®” similar to the comparison
made in this study (T2), have also demon-
strated changes in serum proteomic
following the onset of IA or disease. The
altered abundance of these proteins likely
reflects a secondary or systemic immune
response to the pathology of T1D.
Notably, both Finnish DIPP study and
the present work detected lower levels
of APOC2 in children who later developed
T1D compared to their relative controls,
even before the appearance of auto-
antibodies.® However, the current study
goes beyond previous efforts by con-
ducting a comprehensive analysis of pro-
tein profiles at each stage of T1D develop-
ment, from early infancy to the diagnosis
of IA or T1D. Through proteomics anal-
ysis, they identified proteins and biolog-
ical processes associated with disease
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Figure 1. Proteomic analysis at each stage of type 1 diabetes
Ab, autoantibody; IA, islet autoimmunity; T1D, type 1 diabetes.

cause and progression. Importantly, they
discovered proteins biomarkers that can
accurately predict persistent IA or devel-
oping T1D by the age of 6 years, even as
early as 6 months prior to the onset of
autoimmunity. This early detection of pro-
teins biomarkers provides an opportunity
for physicians to implement intervention
strategies to prevent or delay the devel-
opment of IA or progression to T1D in chil-
dren who are at risk. Although widespread
screening may be challenging due to the
relatively low prevalence of T1D and sub-
stantial testing costs, it is valuable to
apply these approaches to children with
a genetic predisposition to diabetes.

In summary, this study offers insights
into early diagnosis and the preservation
of pancreatic B cell in T1D and opens av-
enues for further research and therapeutic
interventions targeting the identified path-
ways. Looking ahead, further research is

needed to explore the biological and ge-
netic mechanisms underlying the identi-
fied protein biomarkers. Understanding
the intricate pathways and molecular in-
teractions involved in T1D development
will facilitate the development of targeted
interventions and personalized treatment
strategies. Additionally, efforts should be
made to translate these biomarkers into
clinical practice, enabling early detection
and intervention in individuals at high
risk for T1D.
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