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Abstract
Type 1 diabetes mellitus (T1DM) is a disease where destruction of the insulin producing pancreatic beta-cells leads 
to increased blood sugar levels. Both genetic and environmental factors play a part in the development of T1DM. 
Currently, numerous loci are specified to be the responsible genetic factors for T1DM; however, the mechanisms of only 
a few of these genes are known. Although several environmental factors are presumed responsible for progression of 
T1DM, to date, most of their mechanisms remain undiscovered. After several years of hyperglycemia, late onsets of 
macrovascular (e.g., cardiovascular) and microvascular (e.g., neurological, ophthalmological, and renal) complications 
may occur. This review and accompanying figures p rovides a n o verview o f t he e tiological f actors f or T 1DM, its 
pathogenesis at the cellular level, and attributed complications. 
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Introduction

Type 1 diabetes mellitus (T1DM) is an autoimmune 
disease that results from beta-cell destruction in 
pancreatic islets. Although it may occur at any age, 
T1DM most typically presents in adolescence with a peak 
onset around puberty. The incidence of T1DM is equal in 
both sexes during childhood, but males more commonly 
present with this disease in early adult life (1). Although 
previously most prevalent in Europeans, it is becoming 
more common in other ethnic groups. The International 
Diabetes Federation (IDF) 2015 Atlas has estimated that 
415 million people worldwide have diabetes. This number 
is predicted to increase to 642 million by 2040 (2). T1DM 
comprises 5-10% of all causes of diabetes and is one of 
the most frequent autoimmune diseases of early life. The 
incidence of T1DM is escalating in all populations. It has 
been predicted that the incidence of T1DM in the under 
5-year-old age group will increase two-fold in less than
20 years in Europe (3).

Although the precise causes of T1DM remain unknown, 
it is clear that both genetic and environmental factors play 
a role. The genetic region most strongly linked to T1DM is 
the human leukocyte antigen (HLA) locus (4). However, 

not all diabetes-related genetic factors are related to 
the immune system since genes associated with insulin 
production or beta-cell function have also been identified.

Environmental factors are important in T1DM to the 
extent that monozygotic (identical) twins with identical 
genomes may have different health fates due to exposure 
to different environmental factors (4). In contrast to the 
tremendous amount of data about the role of genetic 
factors in T1DM pathogenesis, there is much less 
information about the role of environmental factors. 
Because of the complexity of environmental parameters, 
their mechanisms of action are mostly unknown (5).

Over the past decades new treatments such as islet cell 
transplantation and generating insulin producing cells 
from stem cell have been investigated (6-8). However, 
in order to discover new therapeutic approaches for 
T1DM, it is necessary to understand the pathophysiology 
of T1DM and the mechanisms of its complications. This 
review summarizes some of the most important genetic 
and environmental etiologies of T1DM and their known 
mechanisms of action (Fig.1) and also presents T1DM-
related chronic complications at the cellular and molecular 
levels (Fig.2). 
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Fig.1: Genetic, immunologic, and environmental etiologies of type 1 diabetes mellitus (T1DM). The outer circle shows some of the most important 
environmental etiologies of T1DM and the inner circle presents some of the most important genetic etiologies. The central circle demonstrates each 
genetic or environmental factor’s known mechanisms of action. The left lower part of the circle shows the dsRNA virus, TEN/AIPS, GLIS3, CTSH, PTPN2 and 
HLA class 1 mechanism of action at the cellular level in the pancreas microenvironment, which leads to either necrosis or apoptosis of islet beta-cells. The 
upper part of the circle shows CTLA4, IL10, IL2, IL2RA, BACH2, and viral mechanisms of action in the lymph node. The right lower part of the circle shows 
PTPN22, HLA class2, and insulin mechanisms of actions which take place in the thymus. 
AIP3; Actin interacting protein 3, CTLA4; Cytotoxic T-lymphocyte associated protein 4, CTSH; Cathepsin H, GLIS3; GLIS family zinc finger 3, HLA; Human 
leukocyte antigen, IFIH1; Interferon induced with helicase C domain 1, IL; Interleukin, IL2RA; Interleukin 2 receptor subunit alpha, INS; Insulin, JNK; 
c-Jun N-terminal kinase, MAVS; Mitochondrial antiviral-signaling, PTPN2; Protein tyrosine phosphatase non-receptor type 2, PTPN22; Protein tyrosine 
phosphatase non-receptor type 22, BACH2; BTB domain and CNC homolog 2, Tc; Cytotoxic T cell, Th; Helper T cell, NK; Natural killer cell, Treg; Regulatory 
T cell, DC; Dendritic cell, SP T cell; Single positive T cell, TCR; T cell receptor, and NF-κB; Nuclear factor kappa-light-chain-enhancer of activated B cells.

Type 1 diabetes mellitus pathophysiology
T1DM develops through elicitation of the immune 

system against beta-cell antigens and initiation of 
proinflammatory responses. After antigen presenting cells 
(APCs) present beta-cell antigens to the immune system, 
chronic immunological responses occur due to inefficient 
regulation of immunological reactions, which leads to 
destruction of beta-cells.  Beta-cell death via virus directed 
or physiological mechanisms induces release of antigens 

and initiation of immune responses against other beta-
cells. Usually dendritic cells (DCs) uptake these antigens 
and present them to T cells. An auto-immune response is 
only possible if autoreactive T cells have escaped thymic 
negative selection. Autoreactive T cells, activated by DCs, 
stimulate autoreactive cytotoxic T and B cells. Finally, 
effector mechanism of beta-cell destruction require the 
collective cooperation of DCs, macrophages, T, B, and 
natural killer (NK) cells (9).
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Fig.2: Chronic complications of type 1 diabetes mellitus (T1DM). T1DM-related chronic complications are divided into two groups based on their 
pathogenesis: macrovascular and microvascular. The right half of the circle shows the pathogenesis of macrovascular complications [activation of protein 
C kinase and direct effect of AGEs] and the list of cardiovascular complications. The left half of the circle shows the pathogenesis of microvascular 
complications (indirect effect of AGEs and defects in polyol metabolism) and the list of related complications.
LDL; Low density lipoprotein, AGE; Advanced glycation end product, ECM; Extracellular matrix, VEGF; Vascular endothelial growth factor, GSH; Glutathione, 
and NADPH; Nicotinamide adenine dinucleotide phosphate.

Essential role of environmental factors in type 1 
diabetes mellitus

There are numerous environmental factors proposed 
to be important for development of T1DM. Some of the 
most cited environmental factors include reduction in 
gut microbiota, obesity, early introduction to fruit or cow 
milk during childhood, gluten, toxins, lack of vitamins, 
and viruses (5, 10, 11). As well, there are organs such 
as pancreas which take part in the pathophysiology of 
T1DM (Fig.1). For example, the effect of dsRNA viruses 
on pancreatic beta-cells and the relationship between 
these cells and the immune system is shown in the lower 
left quadrant of Figure 1. Lymph nodes and related 
mechanisms are presented in the upper right quadrant.

Gut microbiota reduction

A confrontation between immune cells and gut microbiota 
during early childhood activates immunoregulatory 
mechanisms which control autoimmune reactions-a 
phenomenon known as the "hygiene hypothesis". Toll-
like receptor (TLR) 4, stimulating lipopolysaccharide 
(LPS), and other bacterial products that have contact 
with the immune system are reported as suppressors 
of autoimmunity (12). Therefore, a reduction in gut 
microbiota can lead to loss of control by the immune 
system, which is followed by immune cell activities 
against cells of the self, and finally lead to diabetes (13).

Obesity

Weight gain is another environmental issue in diabetes 

that results in a higher beta-cell load and increasing insulin 
resistance (14). The accelerator hypothesis identifies 
constitution, insulin resistance, and autoimmunity as 
accelerators of beta-cell destruction through apoptosis. 
However, none of the mentioned accelerators leads to 
diabetes without obesity (5, 15). Higher weight gain in 
infants has been described as a risk factor for T1DM later 
in childhood (16). 

Early fruit induction

Studies show that early introduction to fruit is 
associated with an increase in autoimmunity to beta-
cells (17-19). This association may suggest an abnormal 
immune response to solid food antigens in the immature 
gut immune system in children with HLA susceptibility 
to diabetes, and can take part in T1DM pathogenesis 
(18). Furthermore, the “overload hypothesis” suggests 
that environmental exposures of food may overstimulate 
beta-cells, thus increasing their autoimmune-mediated 
destruction (20). Therefore, early introduction to fruit can 
lead to beta-cell autoimmune-mediated destruction. 

Early bovine milk induction

Virtanen et al. (17) have shown that consumption of 
high amounts of milk products increases the risk of 
autoimmunity against beta-cells in young children with 
HLA susceptibility to diabetes. This increase may be 
the result of insulin autoantibody, because of the cross-
reactivity between bovine and human insulin (5). Studies 
show that children who lack the ability to develop 
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oral tolerance to bovine insulin are at risk for beta-cell 
autoimmunity. Therefore, reaction of the immune system 
to bovine insulin may lead to antibodies which attack 
human insulin in these children (5, 21). 

Gluten

The introduction of gluten-containing foods (e.g., cereal) 
in diets of children younger than 3 months is associated 
with a significant increase in islet autoantibody production 
(22). Diabetic patients with human leukocyte antigen-
antigen D related (HLA-DR) allele have boosted T-cell 
reactivity to gluten derived polypeptides. This response 
has been characterized by IFN-γ and IL-17 secretion. 
Intestinal inflammation and T-cell activation induced by 
gluten could participate in the development of beta-cell 
autoimmunity (23). 

Toxins

Early exposure to toxins (e.g., Streptomyces-infected 
root vegetables) can cause an abnormal processing of 
proinsulin and endoplasmic reticulum stress in beta-
cells of the pancreas. Exposure of the immune system 
to abnormal proinsulin from beta-cells may activate 
autoimmunity mechanisms during early life (24). 

Lack of vitamin D

Epidemiological analyses present strong evidence that 
vitamin D decreases the risk of diabetes (25). Vitamin 
D can directly modify T- and B-cell functions. Vitamin 
D receptor (VDR) agonists induce regulatory T (Treg) 
cells by stimulating tolerance (26). VDR agonists stop 
differentiation and maturation of DCs, downregulate 
expression of co-stimulatory molecules such as CD40, 
CD80 and CD86, and reduce production of interleukin 12 
(IL-12). On the other hand, VDR agonists facilitate IL-
10 production (27). All such mechanisms may lead to an 
immunosuppressive effect.

Viruses

Viruses are the most researched of the mentioned 
environmental factors (5, 28). A variety of studies have 
proposed that certain viruses are linked with progression 
of T1DM in animal models. Human studies further 
showed a similar role for enteroviruses (29, 30). Viruses 
may lead to T1DM by at least two possible mechanisms: 
i. A direct cytolytic effect on beta-cells (e.g., dsRNA 
virus as seen in the upper left section of Figure 1) or ii. 
Indirect triggering of a diabetes-associated autoimmune 
process against beta-cells which finally leads to beta-cell 
destruction (e.g., viruses as seen in the upper right section 
of Figure 1). The latter effects of viruses are attributed to 
the structural similarity between some viral structures and 
beta-cell antigens. Persistent virus infections may also be 
associated with induction of autoimmunity against beta-
cells. Enteroviruses, rotaviruses, cytomegalovirus, mumps 
virus, rubella virus, Ljungan virus, and retroviruses may 
be implicated in the pathogenesis of T1DM (31).

Genetic factors

Genetic studies propose a considerable heritability 
(more than 80%) for T1DM (32). Thus far, genome-wide 
association studies (GWAS) and meta-analyses have 
identified almost 60 genes which contribute to the genetic 
susceptibility to T1DM (33). These genes are expressed 
in different cells of the immune system or pancreatic 
beta-cells, which reflect the autoimmune nature of the 
disease. In addition to risk prediction and heritability, 
these genes are considered valuable clues to molecular 
mechanisms of T1DM. Although detailed mechanisms 
of T1DM are mostly unknown, here we briefly describe 
some mechanisms for the genetic pathogenesis of T1DM 
by focusing on genes with recognized mechanisms.

Impaired central immune self-tolerance

Autoimmune diseases such as T1DM are caused by 
failure of self-tolerance mechanisms. Genetic factors of 
the genomic locus of HLA are considered to account for 
almost half of the genetic risk of T1DM (34, 35). Therefore, 
genetic factors of T1DM can be categorized into HLA and 
non-HLA factors in terms of their impact on genetic risk 
of the disease. Most associations between T1DM and the 
HLA locus pertain to HLA class II genes. These genes 
are expressed in APCs such as DCs, macrophages and 
the thymus epithelium. In the thymus epithelium, HLA 
class II is responsible for presentation of self-antigens 
which leads to development of T cell self-tolerance. 
Inefficient HLA class II alleles involved in interacting 
and presenting insulin in thymic epithelium are relatively 
associated with T1DM (36). This may permit insulin-
reactive T cells to escape negative selection. Lack of 
insulin expression in the thymus may also hamper 
negative selection. Polymorphisms which impair insulin 
gene expression in the thymus, but not beta-cells, are 
associated with T1DM (37, 38).

Polymorphisms in protein tyrosine phosphatase non-
receptor 22 (PTPN22) gene which encodes lymphocyte-
specific tyrosine phosphatase (LYP) can also affect 
immune self-tolerance. LYP is a negative regulator of 
T cell receptor (TCR) signaling and a hyperactive LYP 
encoded by the PTPN22 risk variant that can inhibit TCR 
signaling during negative selection (39). 

Impaired immune regulation and reactivity

Pathways and genes involved in progression and 
regulation of the immune response may also contribute to 
the development of autoimmunity in T1DM. For instance, 
it is proposed that polymorphisms in HLA class I genes 
contribute to progression of the autoimmune response in 
the later stages of beta-cell destruction. This hypothesis 
is supported by findings that a HLA class I risk variant 
can bind to T1DM autoantigens including proinsulin 
epitopes (40, 41).

An association exists between polymorphisms in 
cytotoxic-T lymphocyte-associated protein 4 gene (CTLA4) 
and T1DM (42). CTLA4 plays an immunoregulatory role 
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in effector T cells by suppressing the T cell response 
(43). CTLA4 is crucial for proper repressive function of 
Tregs in mice (44). Consistent with this idea, research has 
shown an association between a CTLA4 susceptibility 
variant and the frequency of Tregs in humans (45). These 
and other evidences suggest that CTLA4 dampens the 
immune response through both effector and Treg cells 
(46); hence, its T1DM risk variants may hamper either 
or both of these mechanisms. BTB and CNC homology 
1 gene (BACH2) expresses a transcription factor that 
regulates Treg activity. The T1DM risk associated variant 
of BACH2 causes abnormal Tregs which can stimulate 
autoimmunity due to ineffective regulatory control on 
inflammatory responses (47).

Cytokine signals between the cells of the immune system 
may be influenced by a genetic background. Different 
IL and IL receptor genes such as IL10, IL2, and IL2RA 
(codes for the α subunit of the IL2 receptor) are among 
the genetic risk factors of T1DM (48). These cytokines 
usually have multiple functions in the immune system; 
however, the net effect of their polymorphisms may 
demine their impact in T1DM autoimmunity. For instance, 
IL2RA is required for both regulatory and effector T cells. 
The Tregs express this gene constitutively, while effector 
T cells only express it after their activation. A variant of 
IL2RA with higher expression has been shown to have a 
protective association with T1DM (49). Polymorphisms 
in interferon induced with the helicase C domain 1 gene 
(IFIH1) may provide an example for interaction between 
genetic and environment factors of T1DM. IFIH1 is 
involved in evoking the immune response against RNA 
viruses. IFIH1 variants with reduced expression have a 
protective association with T1DM (50).

Beta-cell dysfunction and vulnerability

A number of genes linked to diabetes are involved in 
beta-cell functions (51). Immune destruction of beta-
cells is mediated by an extrinsic apoptotic pathway that 
involves FAS-mediated T cell interaction (52) along 
with proinflammatory cytokines such as IL-1β and 
interferon gamma (IFN-γ) (53). Beta-cell sensitivity 
to these death signals can be influenced by the genetic 
background. For example, BACH2 is not only involved 
in regulation of the immune response, but also inhibits 
BIM activation and JNK1 phosphorylation via beta-cell 
response to proapoptotic signals. BACH2 has a crosstalk 
with another diabetes candidate gene PTPN2, which is 
an inhibitor of proapoptotic protein c-Jun N-terminal 
kinase 1 (JNK1) (54). The above mentioned apoptotic 
pathway is targeted with other T1DM genes such as 
CTSH (55) and GLIS3 (56). TNFAIP3, another T1DM 
gene, has been shown to provide a negative feedback 
loop for the proapoptotic activity of nuclear factor 
kappa-light-chain-enhancer of activated B cells (NF-κB) 
(57, 58). Since nitric oxide and FAS-mediated pathways 
are downstream of NF-κB in beta-cells (58), impaired 
TNFAIP3 function may influence these inflammatory 
and apoptotic mechanisms. 

Most mechanisms that underlie the progression of T1DM 
by genetic factors remain to be determined. However, the 
above examples show how the genetic background can 
contribute to T1DM pathogenesis. Further functional 
analyses of these genes may shed light on the molecular 
mechanisms behind T1DM onset and progression.

Complications 

The two major classes of late complications 
attributed to T1DM, microvascular and macrovascular, 
affect the heart, limbs, nervous system, eyes, and 
kidneys (Fig.2). The right half of the circle presents 
macrovascular complications whereas the left half 
shows microvascular complications. The pathogenesis 
of macrovascular complications is demonstrated by 
the role played by large vessels, the extracellular 
matrix (ECM), and cells in the right half of the figure. 
Intracellular mechanisms of neurological and lower 
extremity complications are shown in a neuron cell at 
the lower left quadrant of the circle. Finally, the upper 
left quadrant of the circle shows related mechanisms 
of ophthalmologic and renal complications. 

Macrovascular complications of type 1 diabetes mellitus

Macrovascular complications comprise a group 
of large blood vessel diseases that occur in diabetic 
patients. In comparison with non-diabetics, the risk 
of cardiovascular disease in diabetic patients is 
four times higher. Coronary artery, cerebrovascular, 
and peripheral vascular diseases are categorized as 
macrovascular complications. Hemodynamic (blood 
pressure), metabolic (lipids and glucose), and genetic 
factors can increase the risk of these complications. 
Hyperglycemia is a major biochemical factor that 
increases the probability of cardiovascular disease. In 
addition, hypertension can increase the risk of diabetic 
related macrovascular complications such as coronary 
artery disease and stroke. Risk of hypertension in T1DM 
patients is 30% higher than non-diabetics. Oxidative 
stress plays an important role in hypertension related 
damage to vascular endothelial cells and cardiac 
hypertrophy. Optimal blood glucose and hypertension 
control in diabetics are effective ways to reduce the 
risk of macrovascular complications (59, 60).

Microvascular complication of type 1 diabetes mellitus 

Damage to small vessels (capillaries) during 
high blood glucose levels can cause microvascular 
complications in tissues where glucose uptake is 
independent of insulin such as with neurons, the 
kidneys, and retina. Hyperglycemia, as the most 
important risk factor in diabetics, can cause neuropathy, 
nephropathy, and retinopathy by different mechanisms. 
Some of these mechanisms are more important in 
specific complications. Here, we classify microvascular 
complications into three categories–retinopathy, 
neuropathy, and nephropathy (60).
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Retinopathy

Diabetes related damage to the macula, retina, or both 
can cause visual problems and blindness. The probability 
of retinopathy as a common diabetic complication is 
closely related to the duration of diabetes. Up to 50% of 
T1DM patients are at risk for retinopathy.  Microvascular 
changes in diabetics as a result of hyperglycemia such 
as small vessel basement membrane thickening and 
increase in endothelial cell permeability can cause 
ophthalmological and renal complications (61). 

Neuropathy

Damage from hyperglycemia to peripheral nerves, 
including sensory, autonomic, and motor neurons, can 
cause neuropathy. Hyperglycemia, disease duration, and 
genetic factors can increase the risk of this complication. 
Peripheral neuropathy can be characterized by axonal 
thickening, axonal loss, loss of microfilaments, neural 
demyelination, and neural death (61). 
Nephropathy

Diabetic nephropathy is characterized by loss of 
glomerular filtration rate, albuminuria (>300 mg/day), and 
damage to glumeruli. Diabetic nephropathy can be seen in 
about 30-40% of diabetics. Hyperglycemia, hypertension, 
and hyperlipidemia are the main metabolic risk factors 
that increase kidney disease by several known metabolic 
pathways (61).

Pathophysiology of macro-and microvascular 
complications

Several mechanisms have a role in the pathogenesis 
of micro- and macrovascular complications. We classify 
these mechanisms into the following four categories (61).

Direct effect of advanced glycation end products

During long-standing hyperglycemia in diabetics, 
glucose forms covalent bonds with proteins through a 
non-enzymatic reaction between the free amino group of 
an amino acid and the carbonyl group of reducing sugars. 
This process leads to formation of advanced glycation 
end products (AGEs). Glycation disrupts molecular 
conformation and alters protein function. AGEs have 
crucial role in diabetes related cardiovascular and renal 
complications (62). AGEs can bind to intracellular and 
extracellular proteins and alter tissue functions. Binding 
of AGES to ECM proteins creates anchoring sites for 
proteins such as albumin, collagen, and elastin that leads 
to ECM thickening and atherosclerosis. Interactions of 
AGEs with ECM can impair matrix-cell and matrix-
matrix interactions. This can induce cell death, cell 
differentiation, and cell migration. In cardiomyocytes, 
interaction of AGEs with intracellular proteins such as 
Ryanodine can disrupt Ca2+ homeostasis and induce the 
risk of heart related complications. Diabetic patients 
with cardiovascular disease have higher than normal 

serum AGEs. The high level of AGEs in serum can be 
used as a biomarker for cardiovascular diseases  (63).

Indirect effect of advanced glycation end products

Binding of AGE to the cell’s surface receptor leads to 
activation of multiple signaling pathways inside the cells 
and different responses of endothelial cells, smooth muscle 
cells, macrophages, and T cells. Activation of nicotinamide 
adenine dinucleotide phosphate (NADPH) and the MAPK 
pathway in response to AGE interaction with cell surface 
receptors can induce reactive oxygen species (ROS) 
production and NFĸB activation, respectively. ROS 
has pivotal roles in diabetes related cardiovascular and 
ophthalmological complications. Transcription activation 
of multiple genes such as IL-6, tumor necrosis alpha 
(TNF-α), and vascular endothelial growth factor (VEGF) 
by NFĸB can increase inflammation and arthrosclerosis 
(63). In different cell types, an increase in pre-clotting 
activity occurs in response to AGE interactions with 
cell surface receptors. In addition to pre-clotting activity 
cytokine production in T cells and macrophages, there is 
an increase in the dividing rate in smooth muscles and 
stimulation of ECM secretion by these cells can be seen 
during AGEs interactions with their related receptors (64).

Activation of protein kinase C

Diacylglycerol (DAG) accumulation in cells as a result 
of hyperglycemia can induce protein kinase C (PKC) 
activation.  PKC is a type of serine/threonine kinase that 
has multiple isoforms. Different isoforms of this enzyme 
can be activated in various tissues to induce different 
complications.  Hyperglycemia can induce β and δ isoform 
activation in vascular cells (65). The DAG-PKC pathway 
can induce cardiovascular complication by multiple 
ways such as ECM synthesis, angiogenesis and change 
of vascular permeability by VEGF production, cytokine 
activation, and cell growth. PKC β overexpression in 
transgenic mice can cause cardiomyopathy. In addition to 
activation of ROS and inflammation in cardiomyocytes 
in response to PKC activation, PKC can induce insulin 
resistance by phosphorylation of serine/threonine residues 
in cardiomyocytes. Disruption of insulin metabolism in 
cardiac cells can induce heart related complications (66).

Defects in polyol metabolism

In hyperglycemia, disruption of normal glucose 
metabolism leads to activation of the polyol pathway. 
Polyol pathway activation can cause peripheral nerve 
damage and increase the risk of lower limb amputation, 
or neuropathy (67). In hyperglycemia, there is a decrease 
in the level of glutathione (GSH) which is a precursor of 
NADPH. Decreased NADPH causes less production of 
fructose from sorbitol. The polyol pathway in neurons can 
cause cell death by osmotic damage and ROS production. 
In addition to the polyol pathway, PKC, AGEs, and 
hexosamine pathways have important roles in diabetes 
related neuropathy. These pathways can induce ROS and 
inflammation in neurons. Among the all above mentioned 
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mechanisms, PKC activation and direct/indirect effects of 
AGE play a role in vascularization which has a critical 
role in numerous T1DM complications (68).

However, environmental factors are not the only 
pathogenic source of complications. Genetic factors 
can also affect this process. GWAS have important 
roles in discovering diabetes complication related genes 
and pathways. Identification of complication specific 
genetic variants can facilitate improvement of new and 
targeted therapeutic methods for each specific diabetes 
related complication. Different genetic variants 
have been discovered for diabetes complications. 
Diabetic vascular complication is good example that 
clarifies the role of genetic factors, environmental 
factors, and their interactions in disease progression. 
Polymorphism in lipid related metabolism genes such 
as APOE, APOB, APOC, CETP, and PON increase 
the risk of macrovascular complications in diabetic 
patients compared to healthy individuals.  In addition 
to diabetic related cardiovascular complications, the 
role of genetic factors in diabetic related retinopathy, 
nephropathy, and neuropathy have been studied. 
VEGFA (encodes vascular endothelial growth factor 
A), and AKR1B1 (encodes aldose reductase, one of 
the polyol pathway enzymes) are the two best studied 
genes that play a role in diabetic related retinopathy. 
A study of the diabetics genome revealed that 11 
single nucleotide polymorphism (SNPs) in different 
chromosomes could increase the risk of nephropathy. 
SNPs on chromosomes 7p, 9p, and 11p that are located 
near CPVL, FRMD3, and CARS play important roles 
in induction of nephropathy risk (69, 70). 

Conclusion
This review has discussed T1DM pathogenesis, the 

role of primary genetic and environmental factors in 
this process, and the mechanisms of complications. 
However, much remains to be understood. Therefore, 
research efforts to elucidate the underlying mechanisms 
of T1DM can provide further therapeutic options for 
T1DM treatment.

Acknowledgments
The study was financially supported by grants from 

Royan Institute, Iran National Science Foundation (INSF), 
and Iran Science Elites Federation. We express our 
appreciation to all members of the Beta-cell and Diabetes 
Program at Royan Institute for their helpful deliberations 
and consultation during this work. The authors declare 
that there is no conflict of interest associated with this 
manuscript.

Author’s Contributions
B.S.-A, R.K.; Drafted the review and prepared the 

figures. M.B.; Revised the section "genetic factors". 
E.H.-S.; Revised the "complications" section.  A.F.; 
Contributed in drafting and revising the "complication" 

section of the manuscript. A.M.J.S.; Revised the primary 
draft of the manuscript. Y.T., H.B.; Were responsible for 
overall supervision and finalizing the manuscript.

References
1.	 Karvonen M, Pitkaniemi M, Pitkaniemi J, Kohtamaki K, Tajima N, 

Tuomilehto J. Sex difference in the incidence of insulin-dependent 
diabetes mellitus: an analysis of the recent epidemiological data. 
World Health Organization DIAMOND Project Group. Diabetes 
Metab Rev. 1997; 13(4): 275-291.

2.	 Ogurtsova K, da Rocha Fernandes JD, Huang Y, Linnenkamp U, 
Guariguata L, Cho NH, et al. IDF Diabetes Atlas: Global estimates 
for the prevalence of diabetes for 2015 and 2040. Diabetes Res 
Clin Pract. 2017; 128: 40-50.

3.	 Patterson CC, Dahlquist GG, Gyurus E, Green A, Soltesz G, Group 
ES. Incidence trends for childhood type 1 diabetes in Europe dur-
ing 1989-2003 and predicted new cases 2005-20: a multicentre 
prospective registration study. Lancet. 2009; 373(9680): 2027-
2033.

4.	 Steck AK, Rewers MJ. Genetics of type 1 diabetes. Clin Chem. 
2011; 57(2): 176-185.

5.	 Knip M, Simell O. Environmental triggers of type 1 diabetes. Cold 
Spring Harb Perspect Med. 2012; 2(7): a007690.

6.	 Khosravi-Maharlooei M, Hajizadeh-Saffar E, Tahamtani Y, Basiri M, 
Montazeri L, Khalooghi K, et al. Therapy of endocrine disease: islet 
transplantation for type 1 diabetes: so close and yet so far away. 
Eur J Endocrinol. 2015; 173(5): R165-R183.

7.	 Montazeri L, Hojjati-Emami S, Bonakdar S, Tahamtani Y, Hajiza-
deh-Saffar E, Noori-Keshtkar M, et al. Improvement of islet en-
grafts by enhanced angiogenesis and microparticle-mediated oxy-
genation. Biomaterials. 2016; 89: 157-165.

8.	 Baharvand H, Jafary H, Massumi M, Ashtiani SK. Generation of 
insulin-secreting cells from human embryonic stem cells. Dev 
Growth Differ. 2006; 48(5): 323-332.

9.	 Wallberg M, Cooke A. Immune mechanisms in type 1 diabetes. 
Trends Immunol. 2013; 34(12): 583-591.

10.	 Adamczak DM, Nowak JK, Frydrychowicz M, Kaczmarek M, Sikora 
J. The role of Toll-like receptors and vitamin D in diabetes mellitus 
type 1--a review. Scand J Immunol. 2014; 80(2): 75-84.

11.	 Norris JM, Barriga K, Klingensmith G, Hoffman M, Eisenbarth GS, 
Erlich HA, et al. Timing of initial cereal exposure in infancy and risk 
of islet autoimmunity. JAMA. 2003; 290(13): 1713-1720.

12.	 Itoh A, Ridgway WM. Targeting innate immunity to downmodulate 
adaptive immunity and reverse type 1 diabetes. Immunotargets 
Ther. 2017; 6: 31-38.

13.	 Kondrashova A, Hyoty H. Role of viruses and other microbes in 
the pathogenesis of type 1 diabetes. Int Rev Immunol. 2014; 33(4): 
284-295.

14.	 Hindmarsh PC, Matthews DR, Silvio LD, Kurtz AB, Brook CG. Re-
lation between height velocity and fasting insulin concentrations. 
Arch Dis Child. 1988; 63(6): 665-666.

15.	 Wilkin TJ. The accelerator hypothesis: weight gain as the missing 
link between type I and type II diabetes. Diabetologia. 2001; 44(7): 
914-922.

16.	 Knip M, Veijola R, Virtanen SM, Hyoty H, Vaarala O, Akerblom HK. 
Environmental triggers and determinants of type 1 diabetes. Diabe-
tes. 2005; 54 Suppl 2: S125-136.

17.	 Virtanen SM, Nevalainen J, Kronberg-Kippila C, Ahonen S, Tapa-
nainen H, Uusitalo L, et al. Food consumption and advanced beta 
cell autoimmunity in young children with HLA-conferred suscepti-
bility to type 1 diabetes: a nested case-control design. Am J Clin 
Nutr. 2012; 95(2): 471-478.

18.	 Frederiksen B, Kroehl M, Lamb MM, Seifert J, Barriga K, Eisen-
barth GS, et al. Infant exposures and development of type 1 diabe-
tes mellitus: the diabetes autoimmunity study in the young (daisy). 
JAMA Pediatr. 2013; 167(9): 808-815.

19.	 Virtanen SM, Kenward MG, Erkkola M, Kautiainen S, Kronberg-
Kippila C, Hakulinen T, et al. Age at introduction of new foods and 
advanced beta cell autoimmunity in young children with HLA-con-
ferred susceptibility to type 1 diabetes. Diabetologia. 2006; 49(7): 
1512-1521.

20.	 Dahlquist G. Can we slow the rising incidence of childhood-onset 
autoimmune diabetes? The overload hypothesis. Diabetologia. 
2006; 49(1): 20-24.

21.	 Vaarala O, Knip M, Paronen J, Hamalainen AM, Muona P, Vaa-
tainen M, et al. Cow’s milk formula feeding induces primary im-
munization to insulin in infants at genetic risk for type 1 diabetes. 



          Cell J, Vol 20, No 3, Oct-Dec (Autumn) 2018 301

Cellular and Molecular Pathophysiology of T1DM

Diabetes. 1999; 48(7): 1389-1394.
22.	 Ziegler AG, Schmid S, Huber D, Hummel M, Bonifacio E. Early 

infant feeding and risk of developing type 1 diabetes-associated 
autoantibodies. JAMA. 2003; 290(13): 1721-1728.

23.	 Mojibian M, Chakir H, Lefebvre DE, Crookshank JA, Sonier B, 
Keely E, et al. Diabetes-specific HLA-DR-restricted proinflammato-
ry T-cell response to wheat polypeptides in tissue transglutaminase 
antibody-negative patients with type 1 diabetes. Diabetes. 2009; 
58(8): 1789-1796.

24.	 Hettiarachchi KD, Zimmet PZ, Myers MA. Dietary toxins, endoplas-
mic reticulum (ER) stress and diabetes. Curr Diabetes Rev. 2008; 
4(2): 146-156.

25.	 Grant WB. Epidemiology of disease risks in relation to vitamin D 
insufficiency. Prog Biophys Mol Biol. 2006; 92(1): 65-79.

26.	 Adorini L. Intervention in autoimmunity: the potential of vitamin D 
receptor agonists. Cell Immunol. 2005; 233(2): 115-124.

27.	 Penna G, Adorini L. 1 Alpha,25-dihydroxyvitamin D3 inhibits dif-
ferentiation, maturation, activation, and survival of dendritic cells 
leading to impaired alloreactive T cell activation. J Immunol. 2000; 
164(5): 2405-2411.

28.	 von Herrath M. Can we learn from viruses how to prevent type 1 
diabetes?: the role of viral infections in the pathogenesis of type 
1 diabetes and the development of novel combination therapies. 
Diabetes. 2009; 58(1): 2-11.

29.	 Hyoty H, Taylor KW. The role of viruses in human diabetes. Diabe-
tologia. 2002; 45(10): 1353-1361.

30.	 Yeung WC, Rawlinson WD, Craig ME. Enterovirus infection and 
type 1 diabetes mellitus: systematic review and meta-analysis of 
observational molecular studies. BMJ. 2011; 342: d35.

31.	 Knip M, Siljander H. Autoimmune mechanisms in type 1 diabetes. 
Autoimmun Rev. 2008; 7(7): 550-557.

32.	 Groop L, Pociot F. Genetics of diabetes - are we missing the genes 
or the disease? Mol Cell Endocrinol. 2014; 382(1): 726-739.

33.	 Bakay M, Pandey R, Hakonarson H. Genes involved in type 1 dia-
betes: an update. Genes. 2013; 4(3): 499-521.

34.	 Erlich H, Valdes AM, Noble J, Carlson JA, Varney M, Concannon P, 
et al. HLA DR-DQ haplotypes and genotypes and type 1 diabetes 
risk: analysis of the type 1 diabetes genetics consortium families. 
Diabetes. 2008; 57(4): 1084-1092.

35.	 Noble JA, Valdes AM, Varney MD, Carlson JA, Moonsamy P, Fear 
AL, et al. HLA class I and genetic susceptibility to type 1 diabetes: 
results from the type 1 diabetes genetics consortium. Diabetes. 
2010; 59(11): 2972-2979.

36.	 Zhou Z, Jensen PE. Structural characteristics of HLA-DQ that may 
impact DM editing and susceptibility to type-1 diabetes. Front Im-
munol. 2013; 4: 262.

37.	 Durinovic-Bello I, Jelinek E, Schlosser M, Eiermann T, Boehm BO, 
Karges W, et al. Class III alleles at the insulin VNTR polymorphism 
are associated with regulatory T-Cell responses to proinsulin epi-
topes in HLA-DR4, DQ8 individuals. Diabetes. 2005; 54 Suppl 2: 
S18-S24.

38.	 Pugliese A. The insulin gene in type 1 diabetes. IUBMB Life. 2005; 
57(7): 463-468.

39.	 Bottini N, Vang T, Cucca F, Mustelin T. Role of PTPN22 in type 1 
diabetes and other autoimmune diseases. Semin Immunol. 2006; 
18(4): 207-213.

40.	 Skowera A, Ellis RJ, Varela-Calviño R, Arif S, Huang GC, Van-
Krinks C, et al. CTLs are targeted to kill β cells in patients with type 
1 diabetes through recognition of a glucose-regulated preproinsulin 
epitope. J Clin Invest. 2008; 118(10): 3390-3402 .

41.	 Velthuis JH, Unger WW, Abreu JR, Duinkerken G, Franken K, Peak-
man M, et al. simultaneous detection of circulating autoreactive 
CD8+ T-cells specific for different islet cell-associated epitopes us-
ing combinatorial mhc multimers. Diabetes. 2010; 59(7): 1721-1730.

42.	 Wang J, Liu L, Ma J, Sun F, Zhao Z, Gu M. Common variants on 
cytotoxic T lymphocyte antigen-4 polymorphisms contributes to 
type 1 diabetes susceptibility: evidence based on 58 studies. PLoS 
One. 2014; 9(1): e85982.

43.	 Lu Y, Schneider H, Rudd CE. Murine regulatory T cells differ from 
conventional T cells in resisting the CTLA-4 reversal of TCR stop-
signal. Blood. 2012; 120(23): 4560-4570.

44.	 Wing K, Onishi Y, Prieto-Martin P, Yamaguchi T, Miyara M, Fe-
hervari Z, et al. CTLA-4 control over Foxp3+ regulatory T cell func-
tion. Science. 2008; 322(5899): 271-275.

45.	 Atabani SF, Thio CL, Divanovic S, Trompette A, Belkaid Y, Thomas 
DL, et al. Association of CTLA4 polymorphism with regulatory T cell 
frequency. Eur J Immunol. 2005; 35(7): 2157-2162.

46.	 Walker LSK. Treg and CTLA-4: Two intertwining pathways to im-

mune tolerance. J Autoimmun. 2013; 45: 49-57.
47.	 Roychoudhuri R, Hirahara K, Mousavi K, Clever D, Klebanoff CA, 

Bonelli M, et al. BACH2 represses effector programs to stabilize 
Treg-mediated immune homeostasis. Nature. 2013; 498(7455): 
506-510.

48.	 Barrett JC, Clayton DG, Concannon P, Akolkar B, Cooper JD, 
Erlich Ha, et al. Genome-wide association study and meta-analysis 
find that over 40 loci affect risk of type 1 diabetes. Nat Genet. 2009; 
41(6): 703-707.

49.	 Qu H-Q, Verlaan DJ, Ge B, Lu Y, Lam KCL, Grabs R, et al. A 
cis-acting regulatory variant in the il2ra locus. J Immunol. 2009; 
183(8): 5158-5162.

50.	 Downes K, Pekalski M, Angus KL, Hardy M, Nutland S, Smyth DJ, 
et al. Reduced expression of ifih1 is protective for type 1 diabetes. 
PLoS One. 2010; 5(9): e12646.

51.	 Santin I, Eizirik DL. Candidate genes for type 1 diabetes modulate 
pancreatic islet inflammation and β -cell apoptosis. Diabetes Obes 
Metab. 2013; 15 Suppl 3: 71-81.

52.	 Reddy S, Ross JM. Fas and fas ligand immunoexpression in pan-
creatic islets of nod mice during spontaneous and cyclophospha-
mide-accelerated diabetes. Ann N Y Acad Sci. 2003; 1005: 166-
169.

53.	 Wachlin G, Augstein P, Schröder D, Kuttler B, Klöting I, Heinke P, 
et al. IL-1β, IFN-γ and TNF-α increase vulnerability of pancreatic 
beta cells to autoimmune destruction. J Autoimmun. 2003; 20(4): 
303-312.

54.	 Marroquí L, Santin I, Dos Santos RS, Marselli L, Marchetti P, Eizirik 
DL. BACH2, a candidate risk gene for type 1 diabetes, regulates 
apoptosis in pancreatic β-cells via JNK1 modulation and crosstalk 
with the candidate gene PTPN2. Diabetes. 2014; 63(7): 2516-2527.

55.	 Floyel T, Brorsson C, Nielsen LB, Miani M, Bang-Berthelsen CH, 
Friedrichsen M, et al. CTSH regulates β-cell function and disease 
progression in newly diagnosed type 1 diabetes patients. Proc Natl 
Acad Sci USA. 2014; 111(28): 10305-10310.

56.	 Nogueira TC, Paula FM, Villate O, Colli ML, Moura RF, Cunha Da, 
et al. GLIS3, a susceptibility gene for type 1 and type 2 diabetes, 
modulates pancreatic beta cell apoptosis via regulation of a splice 
variant of the BH3-Only protein bim. PLoS Genetics. 2013; 9(5): 
e1003532.

57.	 Elsby LM, Orozco G, Denton J, Worthington J, Ray DW, Donn RP. 
Functional evaluation of TNFAIP3 (A20) in rheumatoid arthritis. 
Clin Exp Rheumatol. 2010; 28(5): 708-714.

58.	 Liuwantara D, Elliot M, Smith MW, Yam AO, Walters SN, Marino 
E, et al. Nuclear factor-kappaB regulates beta-cell death: a critical 
role for A20 in beta-cell protection. Diabetes. 2006; 55(9): 2491-
2501.

59.	 Barry S, Jones RE. Management of hypertension in diabetes. Dia-
betics Spectrum. 2006; 19(1): 25-31.

60.	 Forbes JM, Cooper ME. Mechnisms of diabetes complications. 
Physiol Rev. 2013; 93(1): 137-188.

61.	 Vithian K, Hurel S. Microvascular complications: pathophysiology 
and management. Clin Med (Lond). 2010; 10(5): 505-509.

62.	 Hu H, Jiang H, Ren H, Hu X, Wang X, Han C. AGEs and chronic 
subclinical inflammation in diabetes: disorders of immune system. 
Diabetes Metab Res Rev. 2015; 31(2): 127-137.

63.	 Hegab Z, Gibbons S, Neyses L, Mamas MA. Role of advanced 
glycation end products in cardiovascular disease. World J Cardiol. 
2012; 4(4): 90-102.

64.	 Vlassara H, Uribarri J. Advanced glycation end products (AGE) and 
diabetes: cause, effect, or both? Curr Diab Rep. 2014; 14(1): 453.

65.	 Sheetz MJ, King GL. Molecular understanding of hyperglycemia’s 
adverse effects for diabetic complications. JAMA. 2002; 288(20): 
2579-2588.

66.	 Kolter T, Uphues I, Eckel J. Molecular analysis of insulin resistance 
in isolated ventricular cardiomyocytes of obese Zucker rats. Am J 
Physiol. 1997; 273(1 Pt 1): E59-E67.

67.	 Vinik AI, Holland MT, Le Beau JM, Liuzzi FJ, Stansberry KB, Co-
len LB. Diabetic neuropathies. Diabetes Care. 1992; 15(12): 1926-
1975.

68.	 Chawla D, Bansal S, Banerjee BD, Madhu SV, Kalra OP, Tripathi 
AK. Role of advanced glycation end product (AGE)-induced recep-
tor (RAGE) expression in diabetic vascular complications. Micro-
vasc Res. 2014; 95: 1-6.

69.	 Ahlqvist E, van Zuydam NR, Groop LC, McCarthy MI. The genetics 
of diabetic complications. Nat Rev Nephrol. 2015; 11(5): 277-287.

70.	 Tang ZH, Fang Z, Zhou L. Human genetics of diabetic vascular 
complications. J Genet. 2013; 92(3): 677-694. 


	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_ENREF_44
	_ENREF_45
	_ENREF_46
	_ENREF_47
	_ENREF_48
	_ENREF_49
	_ENREF_50
	_ENREF_51
	_ENREF_52
	_ENREF_53
	_ENREF_54
	_ENREF_55
	_ENREF_56
	_ENREF_57
	_ENREF_58
	_ENREF_59
	_ENREF_60
	_ENREF_61
	_ENREF_62
	_ENREF_63
	_ENREF_64
	_ENREF_65
	OLE_LINK1
	OLE_LINK87
	OLE_LINK86
	_GoBack
	OLE_LINK98
	OLE_LINK30
	OLE_LINK29
	OLE_LINK90
	OLE_LINK89
	OLE_LINK42
	OLE_LINK73
	OLE_LINK76
	OLE_LINK201
	OLE_LINK62
	OLE_LINK61
	OLE_LINK143
	OLE_LINK70
	OLE_LINK69
	OLE_LINK112
	OLE_LINK111
	OLE_LINK6
	OLE_LINK5
	OLE_LINK110
	OLE_LINK109
	OLE_LINK74
	OLE_LINK75
	OLE_LINK12
	OLE_LINK11
	OLE_LINK104
	OLE_LINK103
	OLE_LINK8
	OLE_LINK7
	OLE_LINK16
	OLE_LINK15
	OLE_LINK88
	OLE_LINK22
	OLE_LINK21
	OLE_LINK106
	OLE_LINK105
	OLE_LINK48
	OLE_LINK47
	OLE_LINK121
	OLE_LINK124
	OLE_LINK108
	OLE_LINK107
	OLE_LINK4
	OLE_LINK3
	OLE_LINK20
	OLE_LINK19
	OLE_LINK132
	OLE_LINK131
	OLE_LINK134
	OLE_LINK133
	OLE_LINK136
	OLE_LINK135
	OLE_LINK39
	OLE_LINK26
	OLE_LINK25
	OLE_LINK23
	OLE_LINK24
	OLE_LINK114
	OLE_LINK113
	OLE_LINK72
	OLE_LINK71
	OLE_LINK66
	OLE_LINK65
	OLE_LINK116
	OLE_LINK115
	OLE_LINK28
	OLE_LINK27
	OLE_LINK2
	OLE_LINK1
	OLE_LINK34
	OLE_LINK33
	OLE_LINK130
	OLE_LINK129
	OLE_LINK56
	OLE_LINK55
	OLE_LINK58
	OLE_LINK57
	OLE_LINK60
	OLE_LINK59
	OLE_LINK126
	OLE_LINK125
	OLE_LINK67
	OLE_LINK68
	OLE_LINK81
	OLE_LINK78
	OLE_LINK77
	_ENREF_14
	_ENREF_24
	_ENREF_27
	_ENREF_28
	_GoBack
	_ENREF_8
	_ENREF_1
	_ENREF_2
	_ENREF_14
	_ENREF_17
	_ENREF_25
	_ENREF_27
	_ENREF_37
	_ENREF_38
	OLE_LINK1
	OLE_LINK3
	OLE_LINK4
	OLE_LINK66
	OLE_LINK74
	OLE_LINK39
	OLE_LINK36
	OLE_LINK30
	OLE_LINK7
	OLE_LINK8
	OLE_LINK11
	OLE_LINK12
	OLE_LINK13
	OLE_LINK50
	OLE_LINK51
	OLE_LINK56
	OLE_LINK57
	OLE_LINK52
	OLE_LINK53
	OLE_LINK9
	OLE_LINK10
	OLE_LINK5
	OLE_LINK6
	OLE_LINK40
	OLE_LINK41
	OLE_LINK42
	OLE_LINK43
	OLE_LINK44
	OLE_LINK45
	OLE_LINK96
	OLE_LINK97
	OLE_LINK67
	OLE_LINK80
	OLE_LINK81
	OLE_LINK16
	OLE_LINK17
	OLE_LINK2
	OLE_LINK55
	OLE_LINK49
	OLE_LINK54
	_ENREF_10
	_ENREF_13
	_ENREF_14
	_ENREF_21
	_ENREF_24
	_ENREF_26
	_ENREF_27
	_ENREF_28
	_ENREF_29
	_ENREF_30
	_ENREF_31
	_ENREF_32
	_ENREF_34
	_ENREF_35
	_ENREF_38
	_ENREF_39
	_ENREF_40
	_ENREF_41
	_ENREF_42
	_ENREF_43
	_GoBack
	_GoBack
	_GoBack
	OLE_LINK98
	OLE_LINK99
	OLE_LINK102
	OLE_LINK48
	OLE_LINK153
	OLE_LINK156
	OLE_LINK131
	OLE_LINK132
	OLE_LINK209
	OLE_LINK100
	OLE_LINK101
	OLE_LINK103
	OLE_LINK104
	OLE_LINK105
	OLE_LINK106
	OLE_LINK107
	OLE_LINK108
	OLE_LINK207
	OLE_LINK208
	OLE_LINK111
	OLE_LINK122
	OLE_LINK123
	OLE_LINK3
	OLE_LINK4
	OLE_LINK210
	OLE_LINK211
	OLE_LINK115
	OLE_LINK116
	OLE_LINK212
	OLE_LINK213
	OLE_LINK14
	OLE_LINK15
	OLE_LINK16
	OLE_LINK17
	OLE_LINK214
	OLE_LINK215
	OLE_LINK12
	OLE_LINK13
	OLE_LINK128
	OLE_LINK10
	OLE_LINK11
	OLE_LINK28
	OLE_LINK29
	OLE_LINK26
	OLE_LINK27
	OLE_LINK22
	OLE_LINK23
	OLE_LINK18
	OLE_LINK19
	OLE_LINK20
	OLE_LINK21
	OLE_LINK24
	OLE_LINK25
	OLE_LINK30
	OLE_LINK220
	OLE_LINK221
	OLE_LINK216
	OLE_LINK217
	OLE_LINK35
	OLE_LINK36
	OLE_LINK59
	OLE_LINK60
	OLE_LINK52
	OLE_LINK53
	OLE_LINK54
	OLE_LINK55
	OLE_LINK56
	OLE_LINK57
	OLE_LINK58
	OLE_LINK63
	OLE_LINK64
	OLE_LINK61
	OLE_LINK62
	OLE_LINK65
	OLE_LINK66
	OLE_LINK73
	OLE_LINK74
	OLE_LINK77
	OLE_LINK78
	OLE_LINK218
	OLE_LINK219
	OLE_LINK1
	OLE_LINK2
	OLE_LINK7
	OLE_LINK8
	OLE_LINK9
	OLE_LINK31
	OLE_LINK32
	OLE_LINK33
	OLE_LINK34
	OLE_LINK37
	OLE_LINK38
	OLE_LINK41
	OLE_LINK46
	OLE_LINK47
	OLE_LINK112
	OLE_LINK113
	OLE_LINK114
	OLE_LINK117
	OLE_LINK120
	OLE_LINK121
	OLE_LINK124
	OLE_LINK125
	OLE_LINK126
	OLE_LINK127
	OLE_LINK129
	OLE_LINK130
	OLE_LINK181
	OLE_LINK182
	OLE_LINK179
	OLE_LINK180
	OLE_LINK133
	OLE_LINK134
	OLE_LINK177
	OLE_LINK178
	OLE_LINK175
	OLE_LINK176
	OLE_LINK185
	OLE_LINK186
	OLE_LINK187
	OLE_LINK188
	OLE_LINK189
	OLE_LINK190
	OLE_LINK49
	OLE_LINK96
	OLE_LINK140
	OLE_LINK138
	OLE_LINK139
	OLE_LINK97
	OLE_LINK135
	OLE_LINK136
	OLE_LINK137
	OLE_LINK141
	OLE_LINK142
	OLE_LINK151
	OLE_LINK152
	OLE_LINK154
	OLE_LINK155
	OLE_LINK161
	OLE_LINK157
	OLE_LINK158
	OLE_LINK159
	OLE_LINK160
	OLE_LINK201
	OLE_LINK202
	OLE_LINK166
	OLE_LINK167
	OLE_LINK162
	OLE_LINK163
	OLE_LINK170
	OLE_LINK171
	OLE_LINK203
	OLE_LINK204
	OLE_LINK205
	OLE_LINK206
	OLE_LINK168
	OLE_LINK169
	OLE_LINK174
	OLE_LINK183
	OLE_LINK194
	OLE_LINK195
	OLE_LINK184
	OLE_LINK191
	OLE_LINK196
	OLE_LINK197
	OLE_LINK199
	OLE_LINK200
	OLE_LINK234
	OLE_LINK235
	OLE_LINK236
	_ENREF_2
	_ENREF_4
	_ENREF_8
	_ENREF_9
	_ENREF_11
	_ENREF_12
	_ENREF_14
	_ENREF_17
	_ENREF_18
	_ENREF_20
	_ENREF_21
	_ENREF_23
	_ENREF_24
	_ENREF_25
	_ENREF_26
	_ENREF_28
	_ENREF_29

