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Type 1 diabetes (T1D) is a chronic, organ-specific autoimmune disease resulting from the im-
mune-mediated destruction of insulin-producing beta cells within the pancreatic islets, leading to 
lifelong dependence on exogenous insulin1. Although T1D has long been conceived as a disease arising 
from the complete loss of beta cells and subsequent absolute insulin deficiency2, some patients with 
long-standing disease retain detectable levels of serum C-peptide3-6 and exhibit the persistence of insu-
lin-containing pancreatic islets even several decades after diagnosis3,7-9. These observations have there-
fore raised important questions, yet unanswered, about the existence of some subtypes of beta cells that 
are more resistant to autoimmune destruction, whether these cells are able to regenerate, and whether a 
decrease in the intensity of autoimmunity may occur over time10. 

Growing evidence suggests that T1D is characterized by a remarkable interindividual heterogeneity 
in terms of clinical and immunopathological features. Importantly, the age at diagnosis represents one 
of the most important variables underlying the heterogeneous rate of decline in insulin secretion among 
individuals with T1D. In particular, younger age at onset of T1D is often associated with lower residual 
beta-cell function11,12, greater decline in stimulated C-peptide13,14, and lower occurrence of the partial 
clinical remission phase (“honeymoon phase”)15,16. Even though the exact mechanisms behind this het-
erogeneity are not fully understood, recent evidence suggests that variability in the extent of beta-cell 
destruction and residual beta-cell function may reflect, at least in part, the heterogeneity of blood and 
islet autoimmune response phenotypes observed among subjects with T1D. In this regard, Arif et al17 
distinguished two distinct patterns of immune infiltration within the pancreatic islets of 21 patients with 
T1D who died close to diagnosis: one pattern was characterized by large numbers of infiltrating immune 
cells, especially CD20+ B lymphocytes (also referred to as “hyperimmune CD20Hi” pattern), where-
as the other pattern consisted of a relative paucity of immune cells with very low numbers of CD20+ 
B lymphocytes (also referred to as “pauci-immune CD20Lo” pattern). Interestingly, hyperimmune 
CD20Hi subjects had significantly lower mean age and fewer insulin-containing islets as a proportion 
of all islets identified, compared to pauci-immune CD20Lo subjects: mean age, 7.8 ± 1.7 vs. 13.0 ± 1.5 
years, respectively (p = 0.03); mean proportion of insulin-containing islets 15.5 ± 4.8% vs. 38.3 ± 6.9%, 
respectively (p = 0.02)17. 

Thereafter, Leete et al18 confirmed the existence of the aforementioned profiles of insulitis among 
different study cohorts, namely: a cohort of T1D patients who had died within 3 months of diagnosis 
(U.K.), a cohort from the Network for Pancreatic Organ Donors with Diabetes (US), and a cohort from 
the Diabetes Virus Detection (DiViD) study (Norway). Notably, all patients who received a diagnosis 
of T1D before the age of 7 years displayed the hyperimmune CD20Hi pattern, while all subjects who 
received a diagnosis beyond the age of 13 years exhibited the pauci-immune CD20Lo pattern. Further-
more, patients diagnosed with T1D at a younger age (<7 years of age) displayed a significantly lower 
proportion of residual insulin-containing islets compared to those who were diagnosed beyond the age 
of 13 years. Altogether, these findings suggest that patients diagnosed with T1D at a younger age dis-
play a more rapid and extensive beta-cell loss, as a likely consequence of the more aggressive insulitic 
profile (CD20Hi profile). On the other hand, the observation that patients receiving diagnosis of T1D 
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in their teenage years (or beyond) exhibit a less severe insulitic profile and a higher proportion of insu-
lin-containing islets might indicate that beta-cell dysfunction, rather than solely beta-cell loss, plays an 
important role in development of glucose intolerance and disease onset among those individuals18.

In keeping with these findings, a recent survey of whole blood gene expression conducted by Dufort 
et al14 revealed that newly diagnosed T1D patients exhibiting a faster decline in insulin secretion had 
immune phenotypes (“immunotypes”) characterized by higher levels of B cell gene expression and 
lower levels of neutrophil gene expression. Also, B cell and neutrophil immune phenotypes showed a 
strong relationship with subject age, with high B cell gene expression predicting more rapid progression, 
although only in younger subjects (<20 years of age). This indicates that age, rate of decline in insulin 
secretion, and immunological characteristics may be all associated, particularly in young patients with 
T1D. Additionally, these findings well align with those observed by Leete et al18, who found an increased 
islet B cell infiltration in younger T1D patients exhibiting more rapid beta-cell loss (as discussed above). 

Overall, these data support the existence of different immune and islet pathology phenotypes in T1D, 
which appear to have a strong relationship with age at diagnosis and rate of decline in insulin secretion 
during the natural history of disease. These phenotypes may therefore account for the heterogeneity 
in clinical features and disease outcomes observed among individuals with T1D. Correspondingly, 
cell-type specific immune phenotypes in T1D could also contribute to the interindividual variability in 
response to immune intervention therapies. In this regard, a phase 2, randomized, double-blind study 
conducted on patients with newly diagnosed T1D using the anti-CD20 monoclonal antibody rituximab 
showed that younger individuals exhibited a better response than older individuals in terms of preserva-
tion of beta-cell function19. Using C-peptide and immunophenotyping data from this trial19, Dufort et al14 
demonstrated that rituximab was most effective in delaying the decline in beta-cell function in younger 
T1D patients with high B cell gene expression prior to treatment. 

In conclusion, preservation of beta-cell function represents a critical goal of clinical trials investigat-
ing the efficacy of disease-modifying agents for T1D20. Indeed, retention of endogenous insulin secretion 
after diagnosis of T1D has been associated with remarkable clinical benefits, including better glycemic 
control, lower risk of hypoglycemia, and fewer chronic complications21,22. In this context, clinical and 
immunopathological heterogeneity among individuals with T1D carries relevant implications for treat-
ment and prevention strategies. First, early characterization of rapid disease “progressors” may allow for 
prioritization of treatment based on predicted severity of disease. Second, an appropriate stratification 
of T1D subjects according to their cell-type specific immune phenotypes (for which age at diagnosis 
appears to be a reliable surrogate) may be crucial for a proper interpretation of the efficacy outcomes 
of clinical trials investigating immune intervention therapies. Third, stratification of patients with T1D 
based on specific immunological features and/or age at diagnosis may facilitate the selection of targeted 
immunotherapeutic agents aimed to halt immune-mediated beta-cell damage. We conclude that future 
studies will be critical for a better comprehension of immunological markers able to accurately predict 
disease progression and treatment response in T1D, which may lead to the ultimate goal of targeted and 
personalized therapies for this challenging disease.

Conflict of Interest
The Authors declare that they have no conflict of interests.

Funding
No funding is declared for this manuscript.

References

  1)	 Atkinson MA, Eisenbarth GS, Michels AW. Type 1 diabetes. Lancet 2014; 383: 69-82.
  2)	 Eisenbarth GS. Type I diabetes mellitus. A chronic autoimmune disease. N Engl J Med 1986; 314: 1360-1368.
  3)	 Keenan HA, Sun JK, Levine J, Doria A, Aiello LP, Eisenbarth G, Bonner-Weir S, King GL. Residual insulin produc-

tion and pancreatic ß-cell turnover after 50 years of diabetes: Joslin Medalist Study. Diabetes 2010; 59: 2846-
2853.



M. Infante, C. Ricordi

8704

  4)	 Oram RA, Jones AG, Besser RE, Knight BA, Shields BM, Brown RJ, Hattersley AT, McDonald TJ. The majority of pa-
tients with long-duration type 1 diabetes are insulin microsecretors and have functioning beta cells. Diabeto-
logia 2014; 57: 187-191.

  5)	 Davis AK, DuBose SN, Haller MJ, Miller KM, DiMeglio LA, Bethin KE, Goland RS, Greenberg EM, Liljenquist DR, 
Ahmann AJ, Marcovina SM, Peters AL, Beck RW, Greenbaum CJ; T1D Exchange Clinic Network. Prevalence of de-
tectable C-Peptide according to age at diagnosis and duration of type 1 diabetes. Diabetes Care 2015; 38: 
476-481.

  6)	 Oram RA, McDonald TJ, Shields BM, Hudson MM, Shepherd MH, Hammersley S, Pearson ER, Hattersley AT; UNITED 
Team. Most people with long-duration type 1 diabetes in a large population-based study are insulin microse-
cretors. Diabetes Care 2015; 38: 323-328.

  7)	 Gepts W. Pathologic anatomy of the pancreas in juvenile diabetes mellitus. Diabetes 1965; 14: 619-633.
  8)	 Lam CJ, Jacobson DR, Rankin MM, Cox AR, Kushner JA. β cells persist in T1D pancreata without evidence of on-

going β-cell turnover or neogenesis. J Clin Endocrinol Metab 2017; 102: 2647-2659.
  9)	 Rodriguez-Calvo T, Richardson SJ, Pugliese A. Pancreas pathology during the natural history of type 1 diabetes. 

Curr Diab Rep 2018; 18: 124.
10)	 Oram RA, Sims EK, Evans-Molina C. Beta cells in type 1 diabetes: mass and function; sleeping or dead? Diabe-

tologia 2019; 62: 567-577.
11)	 Petrone A, Galgani A, Spoletini M, Alemanno I, Di Cola S, Bassotti G, Picardi A, Manfrini S, Osborn J, Pozzilli P, Buz-

zetti R. Residual insulin secretion at diagnosis of type 1 diabetes is independently associated with both, age 
of onset and HLA genotype. Diabetes Metab Res Rev 2005; 21: 271-275.

12)	 Greenbaum CJ, Beam CA, Boulware D, Gitelman SE, Gottlieb PA, Herold KC, Lachin JM, McGee P, Palmer JP, Pesco-
vitz MD, Krause-Steinrauf H, Skyler JS, Sosenko JM; Type 1 Diabetes TrialNet Study Group. Fall in C-peptide during 
first 2 years from diagnosis: evidence of at least two distinct phases from composite Type 1 Diabetes TrialNet 
data. Diabetes 2012; 61: 2066-2073.

13)	 Mortensen HB, Swift PG, Holl RW, Hougaard P, Hansen L, Bjoerndalen H, de Beaufort CE, Knip M; Hvidoere Study 
Group on Childhood Diabetes. Multinational study in children and adolescents with newly diagnosed type 1 di-
abetes: association of age, ketoacidosis, HLA status, and autoantibodies on residual beta-cell function and 
glycemic control 12 months after diagnosis. Pediatr Diabetes 2010; 11: 218-226.

14)	 Dufort MJ, Greenbaum CJ, Speake C, Linsley PS. Cell type-specific immune phenotypes predict loss of insulin se-
cretion in new-onset type 1 diabetes. JCI Insight 2019; 4: e125556. 

15)	 Abdul-Rasoul M, Habib H, Al-Khouly M. ‘The honeymoon phase’ in children with type 1 diabetes mellitus: fre-
quency, duration, and influential factors. Pediatr Diabetes 2006; 7: 101-107.

16)	 Fonolleda M, Murillo M, Vázquez F, Bel J, Vives-Pi M. Remission phase in paediatric type 1 diabetes: new un-
derstanding and emerging biomarkers. Horm Res Paediatr 2017; 88: 307-315.

17)	 Arif S, Leete P, Nguyen V, Marks K, Nor NM, Estorninho M, Kronenberg-Versteeg D, Bingley PJ, Todd JA, Guy C, 
Dunger DB, Powrie J, Willcox A, Foulis AK, Richardson SJ, de Rinaldis E, Morgan NG, Lorenc A, Peakman M. Blood 
and islet phenotypes indicate immunological heterogeneity in type 1 diabetes. Diabetes 2014; 63: 3835-3845.

18)	 Leete P, Willcox A, Krogvold L, Dahl-Jørgensen K, Foulis AK, Richardson SJ, Morgan NG. Differential insulitic pro-
files determine the extent of β-cell destruction and the age at onset of type 1 diabetes. Diabetes 2016; 65: 
1362-1369.

19)	 Pescovitz MD, Greenbaum CJ, Krause-Steinrauf H, Becker DJ, Gitelman SE, Goland R, Gottlieb PA, Marks JB, McGee 
PF, Moran AM, Raskin P, Rodriguez H, Schatz DA, Wherrett D, Wilson DM, Lachin JM, Skyler JS; Type 1 Diabetes 
TrialNet Anti-CD20 Study Group. Rituximab, B-lymphocyte depletion, and preservation of beta-cell function. N 
Engl J Med 2009; 361: 2143-2152.

20)	 Palmer JP, Fleming GA, Greenbaum CJ, Herold KC, Jansa LD, Kolb H, Lachin JM, Polonsky KS, Pozzilli P, Skyler JS, 
Steffes MW. C-peptide is the appropriate outcome measure for type 1 diabetes clinical trials to preserve be-
ta-cell function: report of an ADA workshop, 21-22 October 2001. Diabetes 2004; 53: 250-264.

21)	 The Diabetes Control and Complications Trial Research Group. Effect of intensive therapy on residual beta-cell func-
tion in patients with type 1 diabetes in the diabetes control and complications trial. A randomized, controlled 
trial. The Diabetes Control and Complications Trial Research Group. Ann Intern Med 1998; 128: 517-523.

22)	 Steffes MW, Sibley S, Jackson M, Thomas W. Beta-cell function and the development of diabetes-related compli-
cations in the diabetes control and complications trial. Diabetes Care 2003; 26: 832-836.


