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Type 1 Diabetes is currently 
regarded as a T cell mediated 

autoimmune disease, 
a notion expressed in over 

50 000 scientific publications. 



Acute onset TID NOD mouse



Mice  =  Men



Acute T1D case #1
Swollen Beta cells                       Intra-islet 

bleedings
(hydroptic degeneration)



Weichselbaum 1910

Weichselbaum 1902

Described more than 100 years ago!      

Swollen Beta cells                       Intra-islet 
bleedings
(hydroptic degeneration)



No “insulitis” 
< 1 month > 1 month -1 year

Age   0-14 27 % 40 %
Age 15-39 71 % 72 %

(Insulitis defined as ≥ 5 CD45 cells in ≥ 3 islets)



5.16 CD8+ 
cells/islet

4.73 CD8+ 
cells/islet







The promiscuity of autoreactive TRC



Question the clinical importance of
≥5 immune cells in ≥ 3 islets
with ultra-low-affinity
present in equal numbers in T2D
and often not reported in autopsy 
records

Insulitis in human diabetes: a histological evaluation of donor pancreases
by M. Lundberg, P. Seiron, S. Ingvast, O. Korsgren, O. Skog. Diabetologia 2016 In Press



– Few T cells in few islets, heterogeneously distributed

– Most (~60-80%) CD3 positive cells are located in the 
periphery of the islets (peri-insulitis)

– “No” CD8+ T cell is CD69+  (“no activated cytotoxic T cells”)

– “No” MAIT cells

– 40% of all CD8+ T cells have a phenotype of “tissue

resident T cells” (part of protective immunity). 

LCM and transcriptome 
analysis of T cells in insulitic
islets show little 
resemblance with T cells in
allograft rejection

Insulitis and characterization of infiltrating T cells in surgical pancreatic tail resections from patients at ons
Lars Krogvold, Anna Wiberg, Bjørn Edwin, Trond Buanes, Frode Lars Jahnsen, Kristian F Hanssen, Erik Larsson, O
Dahl-Jørgensen. Diabetologia, 2015
Demonstration of tissue resident memory CD8 T cells in insulitic lesions in patients with
recent onset type 1 diabetes
Enida Kuric, Peter Seiron, Lars Krogvold, Bjørn Edwin, Trond Buanes,
Kristian F Hanssen, Oskar Skog, Knut Dahl-Jørgensen, Olle Korsgren
Am J Pathol 2016 In Press

Characteristics of T cells in insulitic lesions 
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100 78 % of all patients not in 
remission

in spite of full dose CsA
for 1 year.

‘ CsA treated subjects

Plasebo treated 
subjects

Stimulated C-peptide at 1 year 
was: 0,46±0,13 nM in CsA treated 

subjects
and

0,35±0,12 nM in plasebo treated 
subjects



Type 1 Diabetes

The natural history of type 1
diabetes argues against a 
role of autoreactive T cells



GADA at seroconversion
and subsequently 
developed other islet
autoantibodies (P2; grey 
line)

multiple islet 
autoantibodies in the first
positive sample (P3; red 
line)





The natural history of T1D show a gradual 
loss of c-peptide over a period of several years

This is not in agreement with a T cell dependent
beta cell destruction

cf. rejection of a transplanted organ
and

elimination of a viral infection 



Even if the clinical onset of Type 1 Diabetes (T1D) is usually 
abrupt, the injurious processes that eventually cause the disease 
seem to have been in place for many years. 

Also, there is only a gradual loss of the remaining insulin-
producing cells after T1D diagnosis, as evidenced by a decline in 
c-peptide over a period of several years in most subjects. 
Importantly, the long-lasting beta cells remain functional even 
several decades after diagnosis of T1D. 

These clinical observations suggest a mild disease process 
occurring over several years and should be viewed in relation to 
the total beta cell mass of only 0.2 – 1.5 g in non-diabetic adults. 



Type 1 Diabetes

The importance of the environment







A genetically very homogenous 
population on the border between 

Finland and Russia. 
Stable over a long period of time 

with very little migration



Risk for T1D is associated to being born
in a high incidence area, 
but not associated to T1D risk HLA





Incidence of
T1D: 3.3% 



Type 1 Diabetes

A disease affecting both the
exocrine and endocrine pancreas



In total, only 4 (2 recent onset and 2 longstanding cases) of the 45 
subjects included in the study by Coppieters et al showed insulitis, 
defined as more than 5 CD8+ T cells within the islets 

Supplementary information provided for the nPOD 
cases show that of the 22 subjects below 20 years of 
age 16 (72%) had obvious signs of pancreatitis and 
inflammation in the exocrine pancreas, and of the 11 
subjects above 20 years of age 7 (63%) showed 
affection of the exocrine pancreas. 







CD45+ cells infiltrate the human pancreas at onset of T1D
(human T1D 2 days after first symptoms) 



Human T1D 6 wks after onset



Human: Acute onset T1D

Necrotic lesions and accumulation of neutrophil 
granulocytes in one lobe but not in the adjacent 

lobe



End-stage of 
periductal
inflammation

Where new 
islets are 
formed!? 





Inflammation 
and vascular-
leakage in 
entire lobes, 
“not insulitis” 



Inflammation 
and vascular-
leakage in entire 
lobes, 
“not insulitis” 



Signs of previous affections
� Ductal fibrosis
� No inflammation
� Islets without beta cells 

Normal pancreas without any signs of disease
� Normal exocine parenchyma
� Normal number of islet
� Normal number of beta cells

Ongoing disease
� Inflammation
� Local pancreatitis
� Dying beta cells 
� Hydroptic degeneration
� Islet bleedings
� Discreet insulitis

T1D: a focal disease affecting both 
the exocrine and the endocrine pancreas



Hypothesis

T1D is an organ specific inflammatory 
disease triggered by repeated episodes 

of bacterial translocation from the 
intestine to the pancreatic ducts leading 

to a progressive loss of the insulin 
producing cells. 



Papilla Vater

Bacteria entering the bile system

Bacteria, virus and bile entering the pancreas





Rat 4 h after installation of dying bacteria in the ductal system



Rat 5 h after installation of dying bacteria in the ductal system

Interplay between islets and PMN

IL-6, IL-8, MCP-1



Rat: 4 h after installation
of bacteria

Human: Acute onset T1D
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50-20% remaining beta cell volume
(postprandial hyperglycemia

and impaired IVGGT) 

< 20% remaining beta cell volume
(requiring exogenous insulin)



Quarterly Journal of Medicine 1937: 28: 287- 300

Children (≤ 18 years)Adults (≥ 18 years)
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Average Beta Cell Mass in Children
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Islet mass

1 2 6 7 8 9 10 11 12 13 14 15 16 17 183 4 5

Insulin requirements

* *

* Peak in T1D incidence

Age (years)



IL-1beta, TNF alpha, etc… 

Monocyte

Impaired function

Beta cell killing, 
specificity through 
lack of protection

?

Auto antibodies
T cells



IL-1beta, TNF alpha, etc… 

Monocyte

Impaired function

Beta cell killing, 
specificity through 
lack of protection

?

Auto antibodies
T cellsAutoantibodies

T cells

Release of beta cell specific antigens
to an intact immune system 

Bile / Bacterial components / Virus



Why “all” T1D interventional studies fail? 

The underlying hypothesis is not correct!

T1D is not a beta cell specific autoimmune disease 
mediated by autoreactive T cells.

T1D is an organ specific innate inflammatory disease 
affecting the entire pancreas, potentially mediated by 
translocation of bacteria, viruses and bile from the intestine 
to the pancreatic ductal system. 

The proposed model explains the “regional distribution of 
the disease within the pancreas” and includes the 
prevailing hypothesis for the etiology of T1D; the “cytokine 
hypothesis”, as well as superimposed “autoimmunity” and
“glucose toxicity”!



The Nordic Network for Clinical Islet Transplantation

All national and international colleagues and friends

UU, UAS, VR, JDRF & NIH
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50-20% remaining beta cell volume
(postprandial hyperglycemia

and impaired IVGGT) 

< 20% remaining beta cell volume
(requiring exogenous insulin)



Trigger

Release of ß cell specific
proteins to an intact 
immune system

1st autoantibody

2nd

autoantibody

3rd autoantibody
Auto-reactive T 
cells

Time (months – years)

Clinical symptoms
of T1D



Human: Acute onset T1D

Neutrophil granulocytes accumulating in one lobe 
but not in the adjacent lobe


