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The contribution of viruses and innate immune system in the
pathogenesis of type 1 diabetes
Type 1 diabetes (T1D) is a chronic autoimmune disease, characterized by the

selective dysfunction and destruction of pancreatic b-cells, resulting in insulin

deficiency (1). While the main culprits appear to be autoreactive CD8+ T

lymphocytes, the (auto)immune response is likely more complex, encompassing

cells from the adaptive as well as from the innate immune system. In this regard,

the potential involvement of neutrophils, mast cells and NK cells in T1D pathogenesis

has been spotlighted, revealing a scenario where b-cells, by recognizing immune cells

and interacting with them, could serve as a connection linking the adaptive and innate

immune systems, thereby playing a role in determining their own fate (2, 3). The

incidence of T1D has risen over the past decades to an extent that underscores the

influence of environmental factors in the disease’s development (4, 5). Accumulating

evidence since the 1960’s has associated enterovirus infections, especially group B

coxsackieviruses, with T1D development. Epidemiological studies have shown a

heightened occurrence of T1D cases in the aftermath of enterovirus epidemics, and

the presence of enterovirus RNA has been identified in the peripheral blood of new-

onset T1D patients (6–8). In addition, enteroviruses have been identified in pancreatic

islets of new-onset T1D patients (9) as well as of recent-onset T1D organ donors (10).

Moreover, enterovirus capsid protein VP1 has been observed in pancreatic islets of

T1D patients (9, 11). Enteroviruses exhibit a tropism to pancreatic islets and to b-cells
(12), likely mediated by the Coxsackie- and adenovirus receptor strongly expressed in

b-cells (13); accordingly, insulin-producing cells are vulnerable to enteroviral

infections in vitro, leading to a spectrum of effects that span from compromised

function to cell death (14). Indeed, enteroviruses have been demonstrated to exert

cytolytic effects on b-cells, potentially exposing previously concealed self-components;

furthermore some serotypes could replicate without overtly destroying insulin-

producing cells, but at the same time impairing their function (15). Alternatively,
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damage to b-cells may stem from a virus-induced inflammatory

response within the pancreas. Viral infections can elicit the release

of proinflammatory cytokines and the activation of (endogenous)

antigen-presenting cells (APCs), alongside or instead of direct tissue

damage (16). The inflammation resulting from a virus infection can

potentially lead to autoreactive T cells generation through

mechanisms termed “bystander activation” or “molecular

mimicry” or a combination of both processes (16). In individuals

who cannot efficiently eliminate the virus, it may persist within b-
cells in a low-level replication state, continuing to produce viral

RNA and proteins, which in turn constantly stimulate the innate

immune system, sustaining inflammation and autoimmune

reactions. Drawing from this information, it’s conceivable that

eradicating such a persistent low-grade infection could enhance

b-cells’ function in T1D, as suggested by a phase 2 clinical trial

designed as a randomized, double-blind, and placebo-controlled

study (17). In this trial an antiviral treatment combining pleconaril

and ribavirin was able to positively affect insulin production in new-

onset T1D children and adolescents, contributing to the

preservation of residual b-cells’ function. Another aspect to

consider in T1D pathogenesis is the role of the pancreas as a

whole, and not just the endocrine compartment ie. islets that make

up only ~2% of the entire pancreas (18). Indeed, while pancreatic

endocrine and exocrine compartments are typically viewed as

distinct entities, they are inherently interconnected (19).

Importantly, in recent studies enterovirus RNA has been detected

both in islets and in exocrine tissue of individuals with T1D and

those at risk for the disease (20). Given these observations, delving

deeper into the potential active role of the pancreatic exocrine tissue

in T1D development emerges as a compelling avenue for

further research.

All in all, numerous facets remain unresolved concerning the

interplay between viruses and innate immune system and

subsequent effect of inflammation in T1D development. In this

series of four articles, experts in the field delved into these pivotal

questions. First of all Wang et al. strengthened the evidence of a link

between enteroviral infections and the risk of T1D in an updated

comprehensive meta-analysis of 38 case-control studies. Indeed, the

authors’ findings show an association, evident in blood as well as in

tissue samples, in various populations, including European, African,

Asian, Australian and Latin American. Krogvold et al. identified

antiviral tissue responses and increased cell stress within pancreatic

islets of patients with newly diagnosed T1D from the DiViD cohort

in a study whose the objective was to compare gene and protein

expression of specific virus-induced pathogen recognition receptors

and interferon-stimulated genes in islets of newly diagnosed T1D

subjects, compared to age-matched non-diabetic controls. As such,

these findings strengthen previous observations supporting the

existence of a persistent low-grade enteroviral infection in
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pancreatic islets and reinforce the theory positioning

enteroviruses as key players in T1D development. Liu et al.

underscored the unique association of enteroviral infections with

T1D, in a study evaluating the presence of enterovirus RNA in type

2 diabetes (T2D) organ donors’ pancreases and examining its

correlation with disease progression. The authors showed that

although both T1D and T2D display notable similarities in terms

of inflammatory markers within islets, enteroviral infiltration over

the long term represents a distinctive pathological feature of T1D

and its associated autoimmunity. Finally, Välikangas et al. draw

attention to the hypothesis that T1D could be considered a disease

involving the whole pancreas and not just the endocrine

component. The authors performed a comprehensive analysis of

the whole-pancreas gene expression in new-onset T1D patients

from the DiViD study compared to non-diabetic controls and

observed a heightened expression of core acinar cell genes, which

encode digestive enzymes, in the entire pancreas of DiViD patients.

Specifically, an upregulation of inflammatory and immune response

genes was observed in DiViD patients’ pancreatic islets in contrast

to the whole pancreas. The highlighted features underscore that

T1D progression is associated with concurrent alterations in both

the exocrine and endocrine components of the pancreas, which in

turn may induce an imbalance and impaired communication

among different cell populations. Hence the importance to

consider both pancreatic compartments for better understanding

molecular mechanisms of T1D.
Author contributions

LN: Writing – original draft. JL: Writing – original draft. HH:

Writing – review & editing. FD: Writing – review & editing.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.
frontiersin.org

https://doi.org/10.3389/fendo.2021.706964
https://doi.org/10.3389/fendo.2022.881997
https://doi.org/10.3389/fendo.2023.1236574
https://doi.org/10.3389/fendo.2022.861985
https://doi.org/10.3389/fendo.2023.1335716
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Nigi et al. 10.3389/fendo.2023.1335716
References
1. ElSayed NA, Aleppo G, Aroda VR, Bannuru RR, Brown FM, Bruemmer D, et al.
Classification and diagnosis of diabetes: standards of care in diabetes-2023. Diabetes
Care (2023) 46(Suppl 1):S19–40. doi: 10.2337/dc23-S002

2. Nigi L, Maccora C, Dotta F, Sebastiani G. From immunohistological to anatomical
alterations of human pancreas in type 1 diabetes: New concepts on the stage. Diabetes
Metab Res Rev (2020) 36(4):e3264. doi: 10.1002/dmrr.3264

3. Sun L, Xi S, He G, Li Z, Gang X, Sun C, et al. Two to tango: dialogue between
adaptive and innate immunity in type 1 diabetes. J Diabetes Res (2020) 2020:4106518.
doi: 10.1155/2020/4106518

4. Skyler JS, Bakris GL, Bonifacio E, Darsow T, Eckel RH, Groop L, et al.
Differentiation of diabetes by pathophysiology, natural history, and prognosis.
Diabetes (2017) 66(2):241–55. doi: 10.2337/db16-0806

5. Rewers M, Ludvigsson J. Environmental risk factors for type 1 diabetes. Lancet
(2016) 387:2340–48. doi: 10.1016/S0140-6736(16)30507-4

6. Op de Beeck A, Eizirik DL. Viral infections in type 1 diabetes mellitus–why the b
cells? Nat Rev Endocrinol (2016) 12(5):263–73. doi: 10.1038/nrendo.2016.30

7. Oikarinen S, Krogvold L, Edwin B, Buanes T, Korsgren O, Laiho JE, et al.
Characterisation of enterovirus RNA detected in the pancreas and other specimens of
live patients with newly diagnosed type 1 diabetes in the DiViD study. Diabetologia
(2021) 64(11):2491–501. doi: 10.1007/s00125-021-05525-0

8. Sioofy-Khojine AB, Richardson SJ, Locke JM, Oikarinen S, Nurminen N, Laine
AP, et al. Detection of enterovirus RNA in peripheral blood mononuclear cells
correlates with the presence of the predisposing allele of the type 1 diabetes risk gene
IFIH1 and with disease stage. Diabetologia (2022) 65(10):1701–9. doi: 10.1007/s00125-
022-05753-y

9. Krogvold L, Edwin B, Buanes T, Frisk G, Skog O, Anagandula M, et al. Detection
of a low-grade enteroviral infection in the islets of langerhans of living patients newly
diagnosed with type 1 diabetes. Diabetes (2015) 64(5):1682–7. doi: 10.2337/db14-1370

10. Dotta F, Censini S, van Halteren AG, Marselli L, Masini M, Dionisi S, et al.
Coxsackie B4 virus infection of b cells and natural killer cell insulitis in recent-onset
type 1 diabetic patients. Proc Natl Acad Sci U S A (2007) 104(12):5115–20. doi: 10.1073/
pnas.0700442104
Frontiers in Endocrinology 03
11. Richardson SJ, Willcox A, Bone AJ, Foulis AK, Morgan NG. The prevalence of
enteroviral capsid protein vp1 immunostaining in pancreatic islets in human type 1
diabetes. Diabetologia (2009) 52(6):1143–51. doi: 10.1007/s00125-009-1276-0

12. Ylipaasto P, Klingel K, Lindberg AM, Otonkoski T, Kandolf R, Hovi T, et al.
Enterovirus infection in human pancreatic islet cells, islet tropism in vivo and receptor
involvement in cultured islet b cells. Diabetologia (2004) 47(2):225–39. doi: 10.1007/
s00125-003-1297-z

13. Ifie E, Russell MA, Dhayal S, Leete P, Sebastiani G, Nigi L, et al. Unexpected
subcellular distribution of a specific isoform of the Coxsackie and adenovirus receptor,
CAR-SIV, in human pancreatic b cells. Diabetologia (2018) 61(11):2344–55.
doi: 10.1007/s00125-018-4704-1

14. Grieco FA, Sebastiani G, Spagnuolo I, Patti A, Dotta F. Immunology in the clinic
review series; focus on type 1 diabetes and viruses: how viral infections modulate b cell
function. Clin Exp Immunol (2012) 168(1):24–9. doi: 10.1111/j.1365-2249.2011.04556.x

15. Roivainen M, Ylipaasto P, Savolainen C, Galama J, Hovi T, Otonkoski T.
Functional impairment and killing of human b cells by enteroviruses: the capacity is
shared by a wide range of serotypes, but the extent is a characteristic of individual virus
strains. Diabetologia (2002) 45(5):693–702. doi: 10.1007/s00125-002-0805-x

16. Fujinami RS, von Herrath MG, Christen U, Whitton JL. Molecular mimicry,
bystander activation, or viral persistence: infections and autoimmune disease. Clin
Microbiol Rev (2006) 19(1):80–94. doi: 10.1128/CMR.19.1.80-94.2006

17. Krogvold L, Mynarek IM, Ponzi E, Mørk FB, Hessel TW, Roald T, et al.
Pleconaril and ribavirin in new-onset type 1 diabetes: a phase 2 randomized trial.
Nat Med (2023). 29(11):2902–8. doi: 10.1038/s41591-023-02576-1

18. Pandiri AR. Overview of exocrine pancreatic pathobiology. Toxicol Pathol
(2014) 42(1):207–16. doi: 10.1177/0192623313509907

19. Rickels MR, Norris AW, Hull RL. A tale of two pancreases: exocrine pathology
and endocrine dysfunction. Diabetologia (2020) 63(10):2030–9. doi: 10.1007/s00125-
020-05210-8

20. Geravandi S, Richardson S, Pugliese A, Maedler K. Localization of enteroviral
RNA within the pancreas in donors with T1D and T1D-associated autoantibodies. Cell
Rep Med (2021) 2(8):100371. doi: 10.1016/j.xcrm.2021.100371
frontiersin.org

https://doi.org/10.2337/dc23-S002
https://doi.org/10.1002/dmrr.3264
https://doi.org/10.1155/2020/4106518
https://doi.org/10.2337/db16-0806
https://doi.org/10.1016/S0140-6736(16)30507-4
https://doi.org/10.1038/nrendo.2016.30
https://doi.org/10.1007/s00125-021-05525-0
https://doi.org/10.1007/s00125-022-05753-y
https://doi.org/10.1007/s00125-022-05753-y
https://doi.org/10.2337/db14-1370
https://doi.org/10.1073/pnas.0700442104
https://doi.org/10.1073/pnas.0700442104
https://doi.org/10.1007/s00125-009-1276-0
https://doi.org/10.1007/s00125-003-1297-z
https://doi.org/10.1007/s00125-003-1297-z
https://doi.org/10.1007/s00125-018-4704-1
https://doi.org/10.1111/j.1365-2249.2011.04556.x
https://doi.org/10.1007/s00125-002-0805-x
https://doi.org/10.1128/CMR.19.1.80-94.2006
https://doi.org/10.1038/s41591-023-02576-1
https://doi.org/10.1177/0192623313509907
https://doi.org/10.1007/s00125-020-05210-8
https://doi.org/10.1007/s00125-020-05210-8
https://doi.org/10.1016/j.xcrm.2021.100371
https://doi.org/10.3389/fendo.2023.1335716
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Editorial: The contribution of viruses and innate immune system in the pathogenesis of type 1 diabetes
	Author contributions
	Conflict of interest
	Publisher’s note
	References


