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Summary
BackgroundType 1 diabetes is a complex heterogenous autoimmune disease without therapeutic intervent
available to prevent or reverse the disease. This study aimed to identify transcriptional changes associated wi
disease progression in patients with recent-onset type 1 diabetes.

MethodsWhole-blood samples were collected as part of the INNODIA study at baseline and 12 months after d
nosis of type 1 diabetes. We used linear mixed-effects modelling on RNA-seq data to identify genes associate
age, sex, or disease progression. Cell-type proportions were estimated from the RNA-seq data using computa
deconvolution. Associations to clinical variables were estimated using Pearson’s or point-biserial correlation for
continuous and dichotomous variables, respectively, using only complete pairs of observations.

FindingsWe found that genes and pathways related to innate immunity were downregulated during the� rst year after
diagnosis. Signi� cant associations of the gene expression changes were found with ZnT8A autoantibody posit
Rate of change in the expression of 16 genes between baseline and 12 months was found to predict the decl
C-peptide at 24 months. Interestingly and consistent with earlier reports, increased B cell levels and decre
neutrophil levels were associated with the rapid progression.

InterpretationThere is considerable individual variation in the rate of progression from appearance of type 1 diabe
speci� c autoantibodies to clinical disease. Patient strati� cation and prediction of disease progression can help
developing more personalised therapeutic strategies for different disease endotypes.
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Research in context

Evidence before this study
The rate of post-onset beta cell decline during type 1 diabetes
progression varies between individuals. Large scale
longitudinal transcriptomics studies analysing the progression
of type 1 diabetes post-onset are required to dissect the
disease heterogeneity. So far, only a single study by Dufort
et al. analysed longitudinal samples by RNA-seq from 138
subjects and found higher B cell levels and lower neutrophil
levels to be associated with rapid loss of insulin secretion.

Added value of this study
By analysing whole blood RNA-seq data from 92 subjects, we
con� rmed increased B cell levels and decreased neutrophil
levels in rapid progressors. Further, this study identi� ed a
gene expression signature that can predict type 1 diabetes
progression, and suggests associations between gene
expression changes and ZnT8A autoantibody positivity.
Overall, understanding type 1 diabetes progression improves
our ability to prevent, diagnose, and treat the disease, leading
to better outcomes for patients.

Implications of all the available evidence
Increasing evidence suggests that type 1 diabetes is a
heterogeneous disease with several disease endotypes.
Identifying the signatures associated with endotypes such
as rapid and slow progressors will help in patient
strati� cation and identi� cation of a more homogenous
population for clinical trials and therapies. One bene� t of a
predictive signature would be the ability to intervene
earlier in the disease process. This could help slow the
progression of the disease and potentially prevent or delay
the onset of symptoms. Another bene� t would be
improved monitoring of the disease progression, which
would allow for more personalised treatment plans and
better outcomes for patients. Finally, the gene expression
signature could be used to identify new therapeutic targets
to treat type 1 diabetes. Understanding the underlying
mechanisms of the disease would allow developing new
treatments that target speci� c pathways or genes involved
in the disease progression.
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Introduction
Type 1 diabetes is a multifactorial autoimmune diseas
with genetic and environmental components. Although
progress has been made, no therapies are available
prevent or reverse the disease. The development
effective therapies is hampered by our poor unde
standing of the pathogenesis and heterogeneity of th
disease and lack of disease biomarkers and strati� ers.

Type 1 diabetes is a heterogeneous disease. Ther
variation in the rate of progression from appearance o
type 1 diabetes-speci� c autoantibodies to clinical diseas
and in post-onset beta cell decline. The age at t
diagnosis is associated with the rate of decline in insuli
secretion (i.e., younger age groups decline faster).1,2 At
least in some patients, a signi� cant proportion of beta
cells exist at diagnosis, suggesting a tempting possibili
of interventions in such patients.3,4 Clearly, the ability to
stratify patients and predict disease progression wou
help in developing more personalised therapies.

A speci� c gene expression signature might predic
disease progression and monitor therapies. Gen
expression changes in whole blood of children pro
gressing to the disease occur before autoantibodi
appear.5–7 Intriguingly, an immune cell type gene
signature in patients with newly diagnosed type 1 dia
betes correlates with the disease outcome.8

The aim of this study was to identify changes in
whole-blood gene expression associated with disea
progression in patients with recent-onset type 1 diabet
during years 1 and 2 of follow-up after the diagnosis. W
used RNA-sequencing (RNA-seq)-based transcriptom
analysis of peripheral blood at diagnosis and at 1 ye
follow-up, and correlated gene expression changes w
clinical measures during disease progression (Fig. 1a).
We identi� ed a 16-gene signature that could predi
disease progression. Identifying such a predictive ge
signature would help to stratify patients for more
personalised clinical and therapeutic interventions.
Methods
Clinical cohort
Whole-blood samples were collected as part of t
INNODIA. 9 The samples analysed were from the� rst
100 newly diagnosed INNODIA patients, consisting o
52 males and 48 females. Further details of the coho
are provided inTable S1. The cohort for this study was
selected in February 2019, based on the longitudin
clinical information (up to the 6 months visit at the
time), positivity for at least one type 1 diabetes–related
autoantibody, gender distribution, and sample ava
ability. The autoantibody status (IAA, GADA, IA-2A
ZnT8A) of the cohort patients indicated that thre
cases were negative for all of them. These cases w
excluded from analysis described here. Further, gene
data de� ned one MODY10 case who was also remove
The � nal cohort consisted of 94 patients with an averag
age at diagnosis of 13.2 years (SD 8.5), and a dise
duration of 3.9 weeks (SD 1.5) at baseline. Samples w
collected at baseline, i.e., within 6 weeks of diagnos
(n = 92) and 12 months after diagnosis (n = 49) with 4
patients having samples at both time points. C-peptid
glucose, HbA1c and islet-related autoantibody me
surements were carried out.9 Glucose was analyse
locally by each site using the available hospital gluco
analysis method. However, they were all performed
www.thelancet.com Vol 92 June, 2023






















	Gene expression signature predicts rate of type 1 diabetes progression
	Introduction
	Methods


