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 Abstract
 The pathogenesis of type 1 diabetes 
became a history longer and longer. There 
are 40 years since the immunogenetic theory 
of type 1 diabetes has been launched. Near 
this anniversary a challenge of this theory 
was recently published. We give here our 
interpretation of primary cause of type 1 
diabetes which must be connected with the 
pathogenesis of other phenotypes of diabe-
tes which has a main similar mechanism: the 
β-cell dysfunction.

 Key words: diabetes, β-cell, T1D, 
autoimmune.

 The year 2014 seems to become 
more important than a year of the 40th an-
niversary of the positing of the immune-
genetic theory of type 1 diabetes (T1D) 
(1-3). It happened that end of 2013 and 
the beginning of 2014 was marked by 
the publication of several controver-
sial papers, which require commentary. 
Moreso as these papers were directly re-
lated to the mechanism of β-cell destruc-
tion associated with classical autoim-
mune T1D recorded not only in pediatric 
patients, but with a lower frequency also 

in older age (4).
 The most unexpected assertion  
comes from a reputed Swiss team Do-
nath, Hess and Palmer (5) doubting the 
autoimmunity as the main mechanism 
operating in the destruction of the pan-
creatic β-cells in T1D. It may be a good 
opportunity for us to highlight several 
major deficiencies of the diabetologi-
cal research in the last decades. Among 
these, the most prominent might be the 
plethora of experiments carried out on the 
NOD model of type 1 diabetes in mice, 
in sharp contrast with the small number 
of studies related to the pathogenesis of 
T1D using histological analysis of hu-
man pancreas. Donath et al. (5) were im-
pressed by scarcity of histopathological 
documentation of “insulitis” collected 
and analyzed during a workshop by well-
known experts of the JDRF Network for 
Pancreatic Organ Donors with Diabetes 
(nPOD). We learn from the Consensus 
release of this group that “Only 150-200 
cases of insulitis have been described 
over the past century and very few of 
these cases have been analyzed in depth 
and with current methodologies” (6).
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 Moreover, we learned that only 
now we have a consensual definition 
of “insulitis” as a lesion (a lymphocytic 
infiltration) with a minimum 15 CD45+ 
cells/islet in at least three islets. In a re-
cent meta-analysis including the data 
obtained in children (0-14 years, with a 
duration of diabetes < 1 month) In’t Veld 
(7) found that “insulitis’ was present in 
only 73% of children. In older diabetics 
(15-39 years), the frequency of insulitis 
was even lower, of only 29%. These data 
seems to be in contradiction with the di-
agnosis of autoimmune T1D attested in 
children, adolescents and young adults 
if the islets antibodies were present and 
fasting or stimulated C-peptide levels, 
low (8). So, where is the truth? Is Donath 
et al. (5) right in questioning the autoim-
mune mechanism explaining the β-cell 
destruction?
 Before answering this question, 
we added another recent publication 
from a reputed Danish group (Storling 
2013 9), contesting the classical view 
of T1D as an autoimmune disease. The 
main argument for raising such a ques-
tion was that the only specific antigenic 
molecule from β-cells is insulin. Indeed, 
the first antibodies which appear in the 
early phase of diabetogenesis, are anti-
insulin/proinsulin antibodies (9-12). 
Why is there a spreading of the autoim-
mune reaction to other antigenic mol-
ecules from the β-cell (such as glutamic 
acid dehydrogenase (GAD), insulinoma 
associated protein 2 (IA2) or the zinc 
transporter 8 (Zn-T8)), could not have the 
same pathogenetic significance? Instead, 
these authors suggest as an immune (not 
autoimmune) anti-β-cell mechanism, a 
hypothetical post-translational modifi-

cation of some β-cell molecules which 
became “neo-epitopes” with antigenic 
properties. The anti β-cell immune re-
action against such non-self molecules 
might be the possible “triggers” of the 
destructive immune reaction. Such a 
mechanism has been reported as opera-
tional in various autoimmune diseases, 
like rheumatoid arthritis or multiple scle-
rosis, among others (13). In an accompa-
nying commentary, Ake Lernmark (14) 
appreciates this hypothesis is suitable 
to rise a scientific debate, but it has no 
“strong experimental evidence”.
 To conclude, the “trigger” of the 
anti-β-cell autoimmunity remains a hot 
topic, having a great importance in de-
ciphering the “first diabetogenic move-
ment”. We have advanced our view in 
this respect several years ago (15).

 Returning to the Donath’s  
 contest
 The main argument against the 
autoimmune mechanism of T1D is be-
cause “is one of the few remaining auto-
immune diseases without any approved 
immunological treatment” (5). It is true 
that all tested anti-immune treatments 
shortly mentioned by them were unsuc-
cessful. Is that observation enough to 
doubt the autoimmune mechanism of 
T1D? In our view, others are the causes 
for the failure of all attempts in stopping 
the autoimmune process. First, it refers to 
the belief that the treatments efficient in 
NOD mice might be also efficient in hu-
man autoimmune diabetes. However, the 
mice model of T1D is different in many 
respects. For instance, in mice the islets 
display massive leukocyte infiltration, 
whereas in humans, the islet infiltration 
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is limited to only a fraction of islets. The 
second reason is even more important: 
all attempts to prevent or to treat T1D 
in humans were applied in newly dis-
covered diabetic patients, sometimes up 
to 5 years after onset! In such cases the 
β-cell mass is already irreversibly lost up 
to 80% from the initial value (16, 17). 
In addition, in contrast with the obvious 
regenerative capacity of β-cells in mice, 
this is practically lost in humans (18, 19). 
To conclude, all “preventive” or “thera-
peutic” attempts were applied too late.

 Limited access to human  
 pancreas
 The small quantity of good qual-
ity pancreatic tissue obtained post-mor-
tem has stimulated the imagination of 
generations of diabetologists in order to 
find alternative sources of in vivo biop-
tic material. Imagawa (20) proposed in 
vivo pancreatic biopsies using ultra-fine 
needles and echography guidance. Due 
to either blank procedure or a too small 
pancreatic tissue obtained, this method 
has been abandoned. 
 More recently, the despair of 
researchers facing the impossibility to 
investigate the pathophysiological phe-
nomenology hidden inside the pancreatic 
islets led to the daring but laudable initia-
tive of a North-European research Group 
(Norwegian, Danish, Swedish and Finn 
researchers), to perform a large enough 
pancreatic biopsy in living adults with 
recent-onset T1D (21). The procedure 
was performed in 6 cases using a modern 
laparoscopic technique. We would be 
happy to be a part of this team, as maybe 
Mark Atkinson also would have wished 
considering his positive commentary re-

garding this “in extremis” tentative (22). 
As Atkinson, we wait with great inter-
est the results of a more in depth histo-
logical analysis, which can inform us on 
several controversial features regarding 
the extension of the insulitis process, at 
least at the moment when good quality 
pancreatic tissue will become available. 
We hope to obtain more data regarding 
the conflict between the β-cells and the 
cells of the immune system.
 We mention that the whole biop-
tic procedure of the Northern-European 
group was carried out in the framework 
of DiViD (Diabetes Virus Detection) 
Study, which was successful in inves-
tigating the controversial topic of virus 
infection as a potential trigger of anti-
β-cell autoimmunity (23). For ethical 
reasons, this study included only adult 
patients aged between 24 and 35 years. 
The duration of diabetes at the moment 
of this procedure was of one month. The 
Study has been approved by ethical com-
mittees of the participant institutions and 
for each participant an informed consent 
has been obtained (21).

 Pathogenesis of T1D in the  
 light of the histological features
 In our view, the immune/auto-
immune mechanism specifically target-
ing the pancreatic β-cells is supported by 
too many arguments to be challenged. If 
this mechanism is a primary one (the di-
rect consequence of a disturbed immune 
system) or a secondary one (triggered 
by a concomitant β-cell defect) it is still 
a matter of debate. Our point of view, 
sustained for many years (24-32), is that 
T1D and all its sub-phenotypes (32,31) 
results from two concomitant, conver-
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gent and genetically determined distur-
bances. Both are necessary for inducing 
the T1D phenotype of diabetes, but their 
individual contribution in the destruction 
of the pancreatic β-cells might be differ-
ent from a patient to another according to 
the inherited genetic architecture and the 
environmental (epigenetic) influences. 
 Our initial hypothesis started 
from the observation that in offspring/
siblings of T1D patients, the level of 
plasma proinsulin or the proinsulin-to-
insulin ratio are increased (33-37). Such 
an abnormal increase clearly expresses 
the inability of the pancreatic β-cells to 
produce mature Secretory Vesicles (SV) 
(Fig. 1), the only ones that can respond 
promptly and efficiently to their physi-
ological stimuli (29,30). In fact, the nor-
mal β-cell is not an “insulin factory” 
(38) but a “mature SV factory” (30). In 
contrast, the immature SV are associated 
with several other secretory defects (dis-
appearance of oscillatory insulin secre-
tion and the decrease of the first phase of 
insulin secretion (39). These alterations 
can be detected several years before the 
onset of T1D. Very important, the secre-
tory defects are contemporary with the 
increased levels of anti-β-cell antibod-
ies (40). Moreover, Skowera et al. (41) 

have identified in the signal peptide of 
the pre-proinsulin molecule a glucose-
regulated epitope with antigenic proper-
ties that can be detected by circulating 
effector CD8+ T cells. They demonstrat-
ed also that cloned pre-proinsulin signal 
peptide-specific CD8+ T cells were able 
to kill human β-cells in vitro (41).
 For us, it is obvious that these de-
fects can be sensed by a hypersensitive/
labile immune system, increasing the ra-
tio between T cytotoxic cells (Teff) and 
regulatory T cells (Treg) (8). There are 
strong arguments favoring the hypoth-
esis that the trigger of the autoimmune 
attack against β-cells could be found in 
the structural defect in the membrane of 
the immature SVs and correlated with 
the higher proinsulin levels inside them 
(42, 29).
 It is interesting to note that in 
the molecular structure of the SVs mem-
brane have been identified some specific 
antigenic molecules (Roep et al. 2003, 
41, 43), apart the classical β-cell anti-
gens: proinsulin/insulin, GAD, IA2 and 
Zn-T8 (11, 45). The last antigen (Zn-T8) 
is closely related to the SVs membrane 
(46,47). Although the gene encoding the 
zinc transporter molecule (SLC30A8) 
has been found as associated with T2D 
(48), the antibodies against Zn-T8 are 
detected in association with T1D (11,45).
 
 Autoimmune destruction of the 
 pancreatic β-cells
 All the above mentioned chang-
es in the structure and function of the 
SVs cannot be ignored by the “immune 
sensors”, probably found in many if not 
in all immune cells. We do not have di-
rect evidence on what happens inside the 

Figure 1. Heterogeneity in the maturation of 
the secretory vesicles; MSV (mature secretory 
vesicles) and ISV (immature secretory vesicles).
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islet cells and in the immune cells in the 
early phases of human T1D. However, 
using an ingenious method (the trans-
plantation of a normal islet in the ante-
rior chamber of the eye of a NOD mice), 
several authors (49, 50) had the opportu-
nity to perform a non-invasive imaging 
of the complex dynamic process of auto-
immune diabetes. Using this technique, 
they observed the essential role of a sub-
set of Dendritic Cells (DC). Also recent-
ly and using a tridimensional imaging of 
mice islets, Tang et al. (51) demonstrat-
ed the role of the glio-endothelial barrier 
(formed by Schwann- glial cells and the 
endothelial associated pericytes), react-
ing to any islet lesion, including that as-
sociated with peri-insulitis. 
 A subset of macrophages able 
to produce proteases of cathepsine type 
may play a key role in the destruction 
of peri-capillary basal membrane (52). 
By the brakes made in the peri-insular 
glio-endothelial capsule, the first im-
mune cells enter inside the islet, mediat-
ing the transformation of peri-insulitis in 
a process of intra-insulitis. According to 
the video-cinematographic recordings, 
Schmidt-Christiansen et al. (50) ob-
served that within a time span of 7 days, 
a subset of CD11c+ cells (with typical 
DC morphology) were recruited inside 
the islets. They remain stationary, play-
ing an active role by protruding and re-
tracting their dendrites into the islet pa-
renchyma. Their main role seems to be 
that of probing and sampling molecules 
(antigens) or structures (secretory vesi-
cles), and transferring the information to 
T cytotoxic cells. The specificity of the 
β-cell destruction inside the islet cells 
suggests that immune sensors will de-

tect only the defect cells, those contain-
ing immature SVs and rich in proinsulin. 
Because DC sends also this information 
to the B lymphocytes, these will produce 
specific antibodies to all antigenic mol-
ecules detected by the DCs. 
 The above mentioned arguments 
suggest that the β-cell destruction has 
as a main particularity the fact that the 
main driver of the destructive process 
operating inside the “multi-cells” islets 
only the pancreatic β-cells contaning 
secretory defect, act as a “physiologic” 
trigger of the autoimmune reaction. 
 A powerful argument in favor 
of the autoimmune mechanism acting 
in T1D is that of the genetic base of this 
phenotype. A high number of the genes 
found to be associated with T1D (53-55) 
are closely related with the immune sys-
tem. The first 6 genes associated with 
T1D (explaining ~70% of the heritabil-
ity of T1D) include the HLA complex (2, 
54), CTLA4 (56,57), PTPN22 (58), IL-
2RA (58) and IFIHI (54). The last, INS 
(59) has not a direct relation with immu-
nity. Because its VNTR region contains 
a locus also associated with T2D (60), 
we think that this gene could be related 
either with the β-cell function but also 
with their antigenic function. The same 
significance might have the SLC30A8 
gene encoding the zinc transporter (Zn-
T8). Its association with T1D is obvious 
as the antibodies against Zn-T8 are in-
cluded now among the immune markers 
for this phenotype.
 The last argument in favor of the 
immunogenetic theory of T1D is the re-
cently published paper of Ziegler et al. 
(45). This will remain a landmark long-
term prospective study detecting careful-
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ly the early markers of T1D and their real 
value in predicting the evolution towards 
clinical diabetes. This well conceived 
and well conducted multi-centric study 
enrolled a total of 13,377 newborns with 
high risk for diabetes, recruited from 
Germany, Finland and Colorado (USA). 
All subjects were regularly tested (with 
small differences between centers) from 
birth up to 25 years. The German cohort 
of this study enrolled patients starting 
with 1988 up to 2012. The main steps in 
diabetes progression that were analyzed 
were: the first sero-conversion, the con-
version to multiple antibodies and the 
clinical onset of diabetes. A strong cor-
relation has been found between the se-
roconversion to at least two antibodies or 
three antibodies (Fig. 2) and progression 
towards clinical onset. The Zn-T8 anti-
bodies were not available at the begin-
ning of the study and were not included 
in the analysis.
 The main characteristic result-
ing from this study is the large hetero-

geneity regarding the moment of first se-
rological conversion, the second or third 
seroconversion and the clinical onset of 
diabetes. In a few cases, the evolution 
to seroconversion and then to clinical 
diabetes was rapid (several months or a 
few years), whereas in others this pro-
cess took more than 15 or 20 years. This 
heterogeneity corresponds with other 
data (Fig.3), starting with anatomo-his-
tological features of the pancreas, the 
number, dimension and distribution of 
islets inside the pancreas, the number of 
β-cells in an islet, their various function 
and various vulnerability, and many oth-
er features (28-30, 32, 61-64). In other 
words, there are many mysteries hidden 
in this “black box”, which was the main 
impulse for the courageous approach of 
Krogvold et al. (21).
 We have to mention that, despite 
the great efforts for developing an im-
agistic method able to assess the β-cell 
mass (65) or insulitis process (66), this 
aim has not been achieved yet. It is ob-
vious that the images offered by such 
methods could not be complete without 
the images obtained on fresh tissue, even 
if this analysis is made ex vivo and on 
a small number of cases. Probably new 
image processing algorithms can pro-
vide new insights into the future (67).
 
 The risk of the in vivo bioptic 
 approach of the pancreas
 We come back to the initiative 
of the North-European group and to 
the unpredicted technical problems en-
countered. From the 6 biopsied cases, 
in 3 cases some surgical complications 
appeared. One of them (an important 
bleeding caused by a spleen lesion), we 

Figure 2. The prevalence of diabetes  increases 
with the number of antibodies from 0.40% in 
subjects with only one antibody up to 79.10% 
in subjects with positivity for 4 antibodies, in 
403 progressors to diabetes, in terms of the 
duration of observation. Figure adapted after 
data published by Ziegler et al. 2013 (44). 
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believe that it could have been avoided. 
It remains the two cases in which a post-
surgical leakage of pancreatic juice from 
the margin of resection occurred. These 
complications were solved by a several 
days of careful medical treatment. 
 The question is “could these 
incidents have been avoided?”. In his 
comment, Atkinson (22) raised an in-
teresting question to which we have to 
find an answer. “Why did complications 
arise in some patients and not in others?” 
The answer we try to formulate refers to 
the attentive analysis of the quality of 
“pancreatic capsule”, more precisely of 
its strength. In contrast with other par-
enchymatous organs, (kidney or liver for 

example), the pancreas does not possess 
a similar capsule, but rather a more loose 
fibro-conjunctive cover which, in very 
thin subjects, allows identifying the pan-
creatic lobules through its transparency. 
Sometimes adipose cells can be included 
in this fibro-conjunctive sheet.
 The answer to the Atkinson 
question could be related to the nature 
of this pancreatic capsule. The leakage 
of pancreatic juice from the surgical su-
ture of the remnant pancreas could be the 
consequence of the lack of strength of 
this capsule. It seems that the pancreatic 
capsule is more resistant in the region 
of the pancreatic head than for the tail 
of this organ. If the fragility of the pan-

Figure 3. The heterogeneity of islets cells according to their surface; (A) big islets, (B) medium islets 
and (C) small islets.



C. Ionescu-Tîrgovişte et al.

324

creatic “pseudo-capsule” will be proven 
to be the cause of the surgical compli-
cations mentioned in the DiViD study, 
two potential solutions can be taken into 
account in order to avoid these compli-
cations: either an attentive visual evalua-
tion of the consistency of the pancreatic 
capsule, abandoning the procedure if the 
surgical suture seems difficult, or a larg-
er pancreatectomy to include both the 
tail and the body of the gland. Obviously 
this alternative could be rejected by the 
majority of patients. However, we think 
that this will not influence the insulin re-
quirements in already established T1D, 
while the remnant tissue could provide 
enough exocrine pancreatic juice in or-
der to prevent malabsorption. Another 
alternative could be to find a bio-com-
patible material to cover the surface of 
the remnant pancreas, avoiding the risk 
of leakage. 

 Ethical issues in scientific 
 research
 The key to the current discussion 
excludes the pancreatic biopsy approach 
from research only. We refer to not out 
of mindless curiosity as in the myth of 
Pandora’s Box (22). We are convinced 
that the Northern European researchers 
were well aware of the risks they took 
when performing a large pancreatic bi-
opsy. At the same time, we all know that 
the information obtained by their ap-
proach could lead to significant patho-
genic informations applicable to the 
future generations of T1D patients. We 
consider that performing such a daring 
intervention demands a superior level of 
research, which depends on finding an ef-
ficacious preventive method in T1D, im-

possible without better knowing the first 
steps of the diabetogenic process. Up to 
now, research has been limited to indi-
rect methods already mentioned above. 
These indirect methods proved to be in-
accurate and with mixed informations 
regarding β-cell secretory dysfunction 
and the immune reaction. Unfortunately, 
most often the study of the pancreatic  
β-cell function and that of the autoim-
mune reaction was done separately, mak-
ing difficult to understand their patho-
genic interconditioning. There are only a 
few papers in which (besides the assess-
ment of the anti β-cell antibodies) β-cell 
function was also evaluated, considering 
that this is only a direct consequence of 
the autoimmune process. In fact, logic 
tells us that the causal pathogenic re-
lationship could be reversed. Thus, the 
primary defect could be the β-cell dys-
function, maybe the only one capable 
of getting the immune system involved, 
which, due to as yet fully unfathomed 
reasons, starts to attack β-cell structure 
even if these are not deteriorated to the 
level that would determine their removal 
from the body. 
 What is now required is to pre-
cisely establish the chronology of the 
pathogenic steps in T1D evolution, 
maybe by careful parallel analysis of de-
scendants of diabetic parents following 
the excellent model developed by Zie-
gler et al. (44) for the study of autoim-
munity. Still, it will remain an issue of 
the dynamics of morphological changes 
that take place inside the pancreatic is-
lets. For the moment, we do not know 
why, where and in how many islets the 
insulitis process occurs. We also do not 
know the speed of its evolution. Conse-
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quently, we do not know yet when and 
how to intervene to prevent the conflict 
between the pancreatic β-cell and the im-
mune system. The decades long failure 
of the preventive interventions after the 
clinical onset of the disease represent 
only another proof that these attempts 
had, in the best case scenario, only the 
characteristics of secondary or even ter-
tiary prevention (5). 
 This is one of the reasons for 
which we support the North-European 
group (21) that opened Pandora’s box, 
but did not close it back (as Pandora did). 
This is why hope will be our companion 
in conquering a castle that, maybe, will 
prove not to be the last. 
 We dream of preventing autoim-
mune T1D much more than we dream of 
preventing the much more common Type 
2 diabetes. The latter depends more on 
the chaotic development of human socie-
ty and its economic model during the last 
century, a pattern that realistically can-
not be changed too soon. On the other 
hand, with the immune system we could 
negotiate a “non-aggression pact”. For 
these we only need skilled “diplomats”. 
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