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Abstract
Diabetes is a leading cause of mortality, morbidity and 
disability around the globe. In the past two decades, dia- 
betes care has grown more complex as patients have re- 
ceived multi-component care. Recent studies have illu- 
mined the complexity of drug therapy in patients with 
diabetes. A high level of drug utilization in diabetes 
patients has serious implications for quality of care, in 
terms of coordination of care, drug safety and access to  
care. Practitioners, researchers, payers and policy ma- 
kers should be aware of these implications and incor- 
porate the complexity of diabetes care into practice gui- 
delines, benefit design and policy formulation to improve 
the quality of care. 

© 2011 Baishideng. All rights reserved.
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INTRODUCTION
Diabetes is a leading cause of  mortality, morbidity and dis- 
ability around the globe. In the United States alone, 25.8 
million adults and children (8.3% of  the population) have 
diabetes, and a further 79 million adults (1/3 of  the adult 
population) have pre-diabetes. Diabetes contributed to 
231 404 deaths in 2007 and diabetes care cost $174 billion 
in 2010 in the US[1]. According to earlier research, diabetes 
ranks as the 8th most costly condition in financial terms, 
2nd in causing impairement of  the activities of  daily life 
(ADL)/instrumental activities of  daily life (IADL), 3rd in 
hospital bed days, and 8th in work-loss days in the US[2]

DATA AND ANALYSIS
Diabetes is a progressive condition. As the disease progres- 
ses, patients are frequently diagnosed with chronic compli- 
cations including cardiovascular disease, nephropathy, dys- 
lipidemia, coronary heart disease, retinopathy, and neuro- 
pathy. Even more concerning is that newly diagnosed dia- 
betes patients are often found to have signs of  these com- 
plications[3]. The position statement by the American Dia- 
betes Association recommends a variety of  medications for  
those complications. These include, angiotensin-converting en- 
zyme inhibitors (ACE inhibitor) or angiotensin receptor blo- 
ckers (ARBs) to treat cardiovascular disease and nephropa- 
thy, statins for dyslipidemia, aspirin for those at increased 
cardiovascular risk, and β-blocker to treat coronary artery 
disease[4]. Studies have also reported increased risk of  
cancers at multiple sites in diabetes patients although the 
link remains unknown. Some authors have suggested that  

Online Submissions: http://www.wjgnet.com/1948-9358office
wjd@wjgnet.com
doi:10.4239/wjd.v2.i7.105
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cancer should be considered as one complication of  dia- 
betes. As their diabetes progresses, patients take more and  
more drugs concurrently to prevent or treat these com- 
plications. 

A study on the trends in complexity of  diabetes care 
in the United States indicated that during the decade from  
1991 to 2000, the standard of  care for diabetes mellitus 
evolved to require more intensive management of  glyce- 
mia, blood pressure and cholesterol level[5]. Another study  
on the complexity of  medication regimen and test order- 
ing suggested that from 1995 to 2003, diabetes care grew 
more complex. The largest change was in the number of  
patients receiving multi-component of  diabetes care as 
the percentage of  patients on cholesterol lowering drugs, 
blood pressure lowering drugs, and the percentage of  pa- 
tients receiving cholesterol and urine microalbumin tests 
all increased significantly[6].

A recent study further illumined the complexity of  
drug therapy in patients with diabetes. The study was 
based upon 2189 adult diabetes patients, comprising a 
nationally representative sample of  17.5 million diabetes 
patients in the US. The study found that a total of  $56.1 
billion was spent on prescription drugs by diabetes 
patients in the US in 2006. In 2006, each diabetes patient 
had an average of  46 prescriptions, totaling $3161 of  drug 
expenditure, including $1061 out-of-pocket expenditure. 
The top 5 drug classes were antidiabetic agents (24.1% 
of  total drug spending), lipid lowering drugs (13.4%), 
analgesics (4.4%), proton pump inhibitors (3.8%) and 
ACE inhibitors (3.7%). On average a diabetes patient used 
3.52 (standard deviation = 1.76) classes of  drugs within 
the 10 drug classes with the highest utilization[7]. 

DISCUSSION
The high level of  drug utilization in diabetes patients has 
serious implications for quality of  care. The uppermost 
concern is the coordination of  care. Diabetes patients 
are cared by and referred to a number of  physicians with 
different specialties. For example, in addition to visiting 
primary care physicians, they may also rely on care from 
endocrinologists and cardiologists. Previous research 
has suggested different treatment patterns among those 
specialties, and specialty care plays a critical role in caring 
for diabetes patients[8]. Thus, further research is warranted 
on a model to guide patients through the complex care 
system which may be fragmented and can result in serious 
conflicting treatment priorities. The research development 
model of  a medical home, aligning the traditional gate-
keeping role of  primary physicians and a set of  care 
settings, may be promising in this respect. 

Another key concern arising from the complexity 
of  drug therapy in diabetes patients is drug safety. Since 
diabetes patients are taking many drugs for diabetic com
plications and other acute conditions concurrently, there 
is a significant risk for drug-drug interactions. Despite 
the high risk of  drug interactions in elderly patients, the 
prevalence of  these interactions is not well documented[9]. 

In addition, reports suggest that patients are increasingly 
using herbal medicines, whose safety and efficacy are not 
well understood. Furthermore, patients often take those 
herbal medicines without the knowledge by their primary 
care physicians. There is an urgent need to study the safety 
issues which impact the various drug therapies of  diabetes 
patients, and to discern and develop systematic ways to 
improve patient safety.

A third major concern regarding the complexity of  
drug therapy for diabetes patients is the access to pharma- 
cotherapy. While in recent decades there has been a sub- 
stantial improvement in insurance benefit design around 
the globe, particularly in the US, out-of-pocket payments 
for prescription drugs, particularly the newer, more expen- 
sive brand-name drugs, remains a concern. Because diabe- 
tes patients purchase a large number of  prescription drugs  
and they are often significantly constrained by their econo- 
mic means due to disability and advanced age, research 
to investigate affordability and access to multiple lines of  
drug therapy for these patients is much needed.

Last but not least, the role of  regulatory authorities in 
approving and discrediting drugs warrants careful examina- 
tion. In the case of  rosiglitazone, studies have found that 
it was associated with increased risk of  heart attack in 
diabetes patients. However, although it was suspended 
by European Medicines Agency, it was allowed to remain 
in the market by the US FDA. The development of  a 
surveillance system on drug safety at the national level 
and quick actions by regulatory agencies would greatly 
facilitate data collection and improve patient safety. 

CONCLUSION
In summary, the implications of  the complexity of  drug 
therapy on quality of  care for diabetes patients cross the 
boundaries between specialty care, drug safety, and health 
benefit design. It is likely that these issues are interrelated. 
For example, an insurance plan may mandate a gatekeep
ing primary care physician and, as a result, referral arrange- 
ments for specialty care can be better coordinated. Resear- 
ch is much needed to investigate the comparative effecti- 
veness of  various care models to improve the overall well-
being of  diabetes patients.
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Abstract
The association between diabetes and hyperglycemia 
and the associated increased risk of several solid and 
hematologic malignancies has been the subject of inves-
tigation for many years. Although the association is not 
fully understood, current knowledge clearly indicates 
that diabetes may influence malignant cell transforma-
tion by several mechanisms, including hyperinsulinemia, 
hyperglycemia and chronic inflammation. In this con-
text, the receptor for advanced glycation end-products 
(RAGE) has emerged as a focal point in its contribution 
to malignant transformation and tumor growth. We high
light how RAGE, once activated, as it manifests itself in 
conditions such as diabetes or hyperglycemia, is able to 
continuously bring about an inflammatory milieu, thus 
supporting the contribution of chronic inflammation to 
the development of malignancies.
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INTRODUCTION
The association between diabetes and hyperglycemia and 
cancer, has been investigated extensively. Most studies, but 
not all, have found that both conditions are associated with  
an increased risk of  several solid and hematologic malig- 
nancies. Currently, more than 250 million people live with  
diabetes; hence any impact derived even in smaller increa- 
ses in the risk of  cancer may have important consequences 
at world population level, and on associated costs to health- 
care systems worldwide[1]. Although this association has 
been consistently reported for the most common cancer,  
more research efforts are needed, particularly in connection  
with the less common cancers, where data are limited or 
absent[2].

From the biological point of  view, an essential question  
is raised when the association is analyzed: What are the me- 
chanistic links between diabetes and cancer risk? Obviously, 
the answer to this question is not easy to find. However, 
and based on current knowledge, diabetes may influence  
malignant cell transformation by several mechanisms, in- 
cluding hyperinsulinemia, hyperglycemia and chronic in- 
flammation. These three mechanisms are closely related to  
the receptor for advanced glycation end-products (RAGE), 
which may represent a focal point in their respective contri- 
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butions to malignant transformation.
In 1927, Otto Warburg and co-workers reported the in- 

creased uptake of  glucose and production of  lactate by 
tumors. At present, resurgent research interest in the War- 
burg effect, as it is now known, have brought about a grow- 
ing body of  evidence supporting the dependence of  many 
tumors on glycolysis for energy production. One conse-
quence of  the rise of  glycolysis is the non-enzymatic glyca
tion of  proteins, leading to the formation of  advanced gly- 
cation end-products (AGEs)[3,4]. AGEs were the first iden-
tified RAGE ligands, particularly N-carboxymethyllysine 
[CML]-modified proteins[5] .

The formation of  AGEs is based on the non-enzy
matic reaction of  the reactive aldehyde moiety of  glucose 
with the amino groups of  proteins, forming slowly reversi- 
ble Amadori products. Rearrangement reactions then occur  
to produce a chemically related group of  moieties, termed 
AGEs, which remain irreversibly bound to proteins[6].

The major AGEs in vivo appear to be formed from 
highly reactive intermediate carbonyl groups, known as 
α-dicarbonyls or oxoaldehydes, including 3-deoxygluco-
sone, glyoxal, and methylglyoxal[7,8]. 

There is considerable evidence linking hyperglycemia 
with the accelerated formation of  irreversible AGEs, which  
subsequently accumulate in different tissue locations[9,10,11]. 
Of  note, the presence of  AGEs has been detected in hu-
man cancer tissues, and their expression is markedly varied 
between different types of  tumors[12].

It has been demonstrated by different authors that the 
circulating level of  AGEs is associated with insulin resis-
tance even in non-obese, non-diabetic subjects, indepen-
dent of  adiponectin levels[13,14,15].

How AGEs can impact insulin actions has been recen
tly reviewed by Schalkwijk and co-workers[16]. Experimen-
tal data, obtained from both animal and isolated muscle 
and adipose tissue, suggest that glycation of  insulin sig-
nificantly impairs its biological activity[17]. 

It is also known that the increase of  endogenous meth- 
ylglyoxal accumulation impairs the insulin-signaling path-
way and decreases insulin-stimulated glucose uptake in 
adipose tissue, which, in turn, may contribute to the devel-
opment of  insulin resistance[18,19]. 

Reduced intake of  dietary AGEs has been shown to 
decrease the incidence of  type 1 diabetes in non-obese 
diabetic mice[20], as well as the formation of  atheroscle-
rotic lesions in diabetic apolipoprotein E-deficient mice[21]. 
Vlassara and co-workers[22] have also shown that reduced 
AGE intake leads to lower levels of  circulating AGEs and 
to improved insulin sensitivity in db/db mice. Further-
more, AGEs are reported to impair insulin action in mus-
cle tissue by the formation of  a multi-molecular complex, 
including RAGE/IRS-1/Src and PKCα[23].

RECEPTOR FOR ADVANCED GLYCATION 
END-PRODUCTS
The receptor for advanced glycation end-products (RAGE) 

is a member of  the immunoglobulin protein family of  cell 
surface molecules[24] and shares structural homology with 
other immunoglobulin-like receptors. Firstly described in 
1992, RAGE has attracted increasing attention, due to its 
diverse ligand repertoire and its involvement in several 
pathophysiological processes associated with inflamma-
tion, such as diabetes, cancer, renal and heart failure, as 
well as neurodegenerative diseases[25,26]. 

The RAGE gene is localized on chromosome 6 in the 
vicinity of  the MHC class Ⅲ complex region in humans 
and mice, and in close proximity to the homeobox gene 
HOX12 and the human counterpart of  the mouse mam-
mary tumor gene int-3[27,28].

RAGE is highly expressed during development, es-
pecially in the brain, but its expression level decreases in 
adult tissues. However, RAGE expression is also markedly 
augmented by increased levels of  ligands, as observed in 
some pathologic states[29]. The mature 382 amino-acid 
long RAGE is composed of  an extracellular domain (85 
aa), a single transmembrane spanning helix (27 aa) and a 
short cytosolic region (41 aa)[30]. The extracellular domain 
of  RAGE contains one variable, like V-domain, and two 
constants, like C type domains, which are frequently re-
ferred to as C1 and C2 domains. Recent studies suggest 
that RAGE forms oligomers at the cell surface[31]. RAGE 
possesses two N-glycosylation sites, one adjacent to the 
V-domain and the second one located within the V-do-
main[32].

Recently, RAGE splice variants have been classified and  
renamed according to the Human Gene Nomenclature 
Committee[33], and many of  them appear to be more abun- 
dant under various pathological conditions. At DNA level,  
the RAGE gene consists of  11 introns/exons that can 
alternatively be spliced into different variants. In terms 
of  prevalence, the three major isoforms appear to be the 
full-length RAGE, a secreted form RAGE_v1 (previously 
named as sRAGE, secretory C-truncated RAGE, esRA- 
GE, hRAGEsec or sRAGE1/2/3) and a N-terminally 
truncated isoform RAGE_v2 (previously named Nt-RA- 
GE, N-RAGE or N-truncated RAGE). It is important to 
point out that RAGE_v1 is released  into  the extracellular 
compartment, where it can interact with free RAGE ligan- 
ds, then working as a “decoy receptor”, thereby prevent-
ing ligands from  interacting  with cell surface RAGE[34].

RAGE AS A MULTILIGAND RECEPTOR
In addition to AGEs, other molecules have been identified 
as RAGE ligands, as has been demonstrated for S100/cal-
granulins; high-mobility group box 1 (HMGB1) have also 
been identified as ligands of  this promiscuous receptor. 
The S100/calgranulin protein family comprises several 
members of  non-ubiquitous Ca-binding proteins of  the 
EF-hand type that have both intracellular and extracellular 
functions. At intracellular level, S100 proteins are respon-
sible for different roles in the cell cycle, cell differentiation 
and cell motility. However, some members of  the family 
have additional relevant extracellular roles, particularly 
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at sites of  chronic inflammation, where they are able to 
activate, via RAGE, endothelial cells, macrophages and 
peripheral blood mononuclear cells, including T lympho-
cytes[35].

The DNA binding protein HMGB1 stabilizes nucleo-
some function, and acts as a transcription factor that regu-
lates the expression of  several genes[36]. HMGB1 belongs 
to the so-called “damage associated molecular pattern 
molecules” or alarmins, which are released in response to 
infection or inflammatory stimuli, especially during tissue 
damage[37]. 

Although glucose may be the triggering stimulus to 
draw RAGE into diabetes pathology, consequent cellular 
stress results in the release of  pro-inflammatory RAGE 
ligands S100/calgranulins and HMGB1. Thus, RAGE 
engagement in diabetic tissue produces a vicious cycle of  
ligand-RAGE perturbation, leading not only to chronic 
tissue injury, but also suppression of  repair mechanisms[38]. 
RAGE engagement activates multiple signaling pathways 
(Figure 1), including reactive oxygen species, p21ras, erk1/ 
2 (p44/p42) mitogen-activated protein kinases, p38 and 
SAPK/JNK mitogen-activated protein kinases, rhoGT-
Pases, phosphoinositol-3 kinase and JAK/STAT pathway, 
with important downstream inflammatory consequences, 
such as the activation of  nuclear factor-kappaB (NFkB), 
AP-1 and STATs, which are involved in the inflammatory 
process seen in both diabetes and cancer.

RAGE, CHRONIC INFLAMMATION AND 
CANCER
In the nineteenth century, Rudolph Virchow first launched 
the idea about a putative connection between inflamma-
tion and cancer. At present, resurgent research interest in 
this topic has raised a growing body of  evidence support-
ing the contribution of  chronic inflammation to the devel-
opment of  malignancies, as well as an association between 
the usage of  non-steroidal anti-inflammatory agents, and 
protection against various tumor types[39,40,41,42]. 

For many years, the relationship between the expres-
sion of  the receptor of  advanced glycation end-products 
(RAGE) and cancer has been well-documented, as re-
ported in gastric, prostate, lung, pancreas, and liver malig-
nancies. However, the contribution of  RAGE to cancer 
biology seems to be much more functional than initially 
thought, because it has now emerged as a relevant element 
that can continuously fuel an inflammatory milieu at the 
tumor microenvironment[43].

Most of  the cancer-promoting effects of  RAGE ligan
ds are the result of  their interaction with RAGE. Signals 
downstream of  RAGE, drive the strength and mainte-
nance of  an inflammatory reaction during tumor promo-
tion in a mouse model of  skin cancer, as well as a marked 
reduction in the number of  infiltrating immune cells and 
the levels of  proinflammatory mediators in RAGE-/- ani- 
mals[44]. In addition, the interaction of  the ligands S100A8/ 

A9 with RAGE involve carboxylated glycans; the transi-
tion from acute to chronic inflammatory conditions in 
the study cited did not occur in RAGE-/ - mice, which in 
turn, produced fewer tumors in a colitis-associated cancer 
model[45].

The consequences of  RAGE activation to tumor biol-
ogy also reach key processes, such as the acquisition of  an 
hypoxia–resistant phenotype in carcinoma cells[46]. Recent-
ly, it has been reported that S100A8/A9 proteins contrib-
ute to the recruitment and retention of  myeloid suppres-
sor cells through a mechanism mediated, at least in part, 
by the binding to carboxylated N-glycans expressed on 
the receptor for advanced glycation end-products, and the 
subsequent activation of  the NFkB signaling pathway[47]. 
AGEs can also down-regulate in vitro the ability of  den-
dritic cells (DCs) to express co-stimulatory signals and to 
activate T cells[48]. Similar results have been described after 
a blockade of  the autocrine secretion of  HMGB1, and of  
RAGE activation[49,50].

In recent years, a growing body of  evidence supports 
the role of  ligands/RAGE axis in angiogenesis. Upon RA- 
GE engagement, profound effects are reported in endo- 
thelial cells, including up-regulation of  VEGF and metal-
loproteinase-2, as well as the disruption of  the VE-cad-
herine/catenins complex,  thus favoring capillary tube for-
mation[51,52]. Additionally, RAGE activation also increases 
endothelial permeability to macromolecules, a condition 
very common in tumor microvasculature[53].

Although many aspects of  differentiation, mobiliza-
tion and recruitment of  endothelial progenitor cells (EPCs) 
remain controversial, it has been reported that the levels 
of  peripheral blood EPCs have been shown to be in-
creased in certain malignant states[54].
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HMGB1 increased EPCs adhesion to the immobilized 
integrin ligands intercellular adhesion molecule-1 and fi-
bronectin in a RAGE-dependent manner, thus stimulating 
EPC homing to ischemic tissues[55].

In 2000, a seminal report on the contribution of  mul- 
tiligand/RAGE axis on invasion and metastasis dem-
onstrated that a blockade of  RAGE-HGMB1-derived 
signaling decreased growth and metastases of  both im-
planted tumors, and tumors developing spontaneously in 
susceptible mice[56].

CONCLUSION
During the last decade, relevant advances in our under
standing of  the pathophysiologic role of  the multiligand/
RAGE axis have lead to a substantial knowledge of  how 
this promiscuous receptor, once activated, is able to conti
nuously bring about an inflammatory milieu (Figure 2). 
The current relevance of  Virchow´s postulate about the 
role of  chronic inflammation in cancer development high- 
lights the facts associated with the presence of  an activa- 
ted RAGE axis, smoldering inflammation such as that 
occurring in diabetes, and thus its contribution towards 
the understanding of  the mechanistic scenario supporting 
the link between diabetes and cancer.
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Abstract
Both environmental and genetic factors contribute to the  
development of diabetes mellitus and although mono- 
genic disorders are rare, they offer unique insights into  
the fundamental biology underlying the disease. Muta- 
tions of the insulin gene or genes involved in the respon- 
se to protein misfolding cause early onset diabetes. 
These have revealed an important role for endoplasmic 
reticulum stress in β-cell survival. This form of cellular 
stress occurs when secretory proteins fail to fold efficien- 
tly. Of all the professional secretory cells we possess, 
β-cells are the most sensitive to endoplasmic reticulum 
stress because of the large fluctuations in protein synthe- 
sis they face daily. Studies of endoplasmic reticulum 
stress signaling therefore offer the potential to identify 
new drug targets to treat diabetes.
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INTRODUCTION
We place a heavy burden on our pancreatic β-cells. They 
are expected to deliver a life-long supply of  insulin at the 
precise levels necessary to maintain glucose homeostasis 
while avoiding hypoglycaemia. This requires that they 
synthesize and secrete insulin at times of  plenty, but rap-
idly attenuate protein synthesis when the hormone is no 
longer needed. Consequently, the secretory pathway of  a 
β-cell experiences dramatic changes in client protein flux. 
As a consequence, it is exquisitely sensitive to defects of  
protein folding because large increases in the rate at which 
new proteins enter the endoplasmic reticulum (ER) can 
overwhelm the resident chaperones. This can allow in-
correctly folded proteins to accumulate inside the organ-
elle, a situation termed “endoplasmic reticulum stress”. 
Evidence accrued over the last decade has shown that 
ER stress plays an important role in the pathogenesis of  
diabetes, both through direct toxicity to the β-cell caus-
ing loss of  β-cell mass and in peripheral tissues where it 
contributes to insulin resistance. We propose that current 
views of  diabetes should be revised, so that it is seen as 
another member of  the growing list of  protein misfolding 
diseases.

GENETIC STUDIES IDENTIFYING ER 
PROTEINS IN THE DEVELOPMENT OF 
DIABETES MELLITUS
A critical observation was made almost forty years ago 
when three siblings, two brothers and a sister, were repor- 
ted who had developed permanent neonatal diabetes mel- 
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litus in association with developmental bone defects[1].  The  
parents of  those first cases were unrelated, but many subse- 
quent case reports were of  consanguineous families[2,3]. The  
condition now eponymously named Wolcott-Rallison 
syndrome (OMIM #226980)[4] is also known as multiple  
epiphiseal dysplasia with early onset diabetes mellitus (ME 
D-IDDM) to highlight its extra-pancreatic manifestations. 
Indeed, these are diverse and include osteoporosis, growth 
retardation, hepatic and renal dysfunction and cognitive 
impairment. It is now known to be inherited as a classical 
autosomal recessive trait and has been mapped in two con- 
sanguineous families to the region 2p12[2]. Each family har- 
bored a distinct mutation, but both proved to be in the 
Perk gene.

PERK is a ubiquitously expressed kinase localized to 
the membrane of  the ER[5,6]. Protein sequence homology 
showed it to be a member of  the eIF2α kinase family that  
links cellular stresses to the inhibition of  protein transla-
tion. For example, the prototypical family member GCN2 
reduces protein synthesis during periods of  amino acid 
starvation by phosphorylating and thus inhibiting the tran- 
slation initiation factor eIF2α[7]. Other members of  this fa- 
mily inhibit protein synthesis during viral infection (PKR[8]) 
or iron deficiency in red blood cell progenitors (HRI[9]). In 
each instance, reduced protein synthesis promotes cellular 
health, by reducing the consumption of  amino acids dur-
ing starvation or preventing viral replication or matching 
haemoglobin synthesis to available haeme. In the case of  
PERK, reduced protein synthesis prevents new proteins 
entering the ER when they cannot be correctly folded. It 
transpires that PERK is essential for β-cells to withstand 
fluctuations in proinsulin synthesis that occur daily. Mice in  
which the Perk gene is deleted faithfully recapitulate many 
of  the phenotypic features of  Wolcott-Rallison syndrome 
and this has been very useful in understanding this condi-
tion[10]. Remarkably, these mice are born with normal islets 
of  Langerhans, but rapidly lose β-cells in the neonatal peri-
od. Prior to death, these cells exhibit ER dilatation, due to  
distention with aggregates of  misfolded proinsulin.  

When circulating glucose levels are low, so is the de-
mand for insulin and PERK is inactive. When proinsulin 
enters the ER it is bound reversibly by molecular chaper-
ones, such as BiP, to promote its correct folding. In addi-
tion, chaperones shield newly synthesized proteins from 
inappropriate interactions with other incompletely folded 
proteins. When glucose levels rise, β-cells are stimulated 
to increase insulin synthesis. If  this increase were unregu-
lated, the rise in proinsulin synthesis might overwhelm ER 
chaperones causing ER stress and threatening to cause 
protein aggregation. Indeed, this occurs in the β-cells of  
Wolcott-Rallison patients and in Perk knockout mice lead-
ing to cell death. However, in healthy cells, PERK detects 
this rise in ER client protein demand by monitoring the 
level of  free BiP in the ER lumen. When free BiP levels 
fall due to its binding to newly synthesized protein, this 
triggers PERK to phosphorylate eIF2α and protein trans-
lation levels fall. In parallel, ER stress signaling pathways 
cause an increase in many ER resident proteins including 

molecular chaperones, which enable higher levels of  client 
proteins to be folded. This mechanism has been called the 
Unfolded Protein Response (UPR)[11,12]

The major client protein of  the β-cell ER is proinsu- 
lin[12]. Recently, defects in insulin folding have been shown  
to underlie rare cases of  familial permanent neonatal dia- 
betes mellitus (OMIM #606176)[13]. Initially discovered in 
mice by Dr. Akio Koizumi in Akita, Japan, a spontaneous 
INS2 gene mutation causes β-cell death[14]. In contrast to 
man, mice possess two insulin genes that are functionally 
redundant[15] and yet the Akita mutation (C96Y) behaves 
as a semi-dominant trait[14,16]. This toxic-gain-of-function 
is caused by a substitution of  a conserved cysteine residue 
required for the formation of  an intra-molecular disulphi- 
de bond[17,18]. The mutant insulin fails to be secreted and is 
instead retained in the ER where, crucially, wildtype proin- 
sulin also becomes trapped in complexes with Akita mutant  
proinsulin impairing secretion of  the normal protein[14,19,20].  
When a three-generation family with permanent neonatal 
diabetes mellitus was found to have a heterozygous muta- 
tion of  the insulin gene, this led to 83 similar families 
being screened, nine of  which harbored insulin mutations  
including one analogous to the Akita mutation of  mice[13].  
Several subsequent studies have also confirmed that mis- 
sense mutations of  the INS gene in man are a rare but im- 
portant cause of  neonatal diabetes[21-24]. When such mutant  
insulins were expressed in cultured cells, they caused ER 
sress and impaired cell viability[22,25]. This contrasts with mu- 
tations that impair proinsulin synthesis through impaired 
transcription, which are inherited recessive traits and fail 
to cause death of  the β-cell[26].

EMERGING MODEL FOR ENDOPLASMIC 
RETICULUM STRESS INVOLVEMENT IN 
DIABETES
The precise details of  UPR signaling and its links to cell 
death have been reviewed elsewhere[11,12,27]. However, it is  
worth examining some aspects of  ER stress and cell death 
again, as these may provide a novel target for therapeutic 
intervention in the future. For example, Dr Seiichi Oyado- 
mari observed that deletion of  the Chop gene could delay  
the onset of  diabetes in Akita mice[28] and prevent β-cell  
death following other toxic stresses[29]. CHOP is a transcri- 
ption factor that is up-regulated by a number of  cellular 
insults, notably ER stress. It has been linked to the induc- 
tion of  cell death and some have suggested its function  
is to kill cells when the degree of  ER stress is insurmoun- 
table[30-32]. However, our work has suggested that the link 
to cell death is more complex and most likely stems from 
CHOP acting to boost the secretory capacity of  the cell[33]. 
We showed that the Gadd34 gene is transcriptionally indu- 
ced by CHOP during ER stress and that deleting Gadd34 
was at least as protective as deleting the Chop gene in an  
animal model of  ER stress. GADD34 functions to dephos- 
phorylate eIF2α following ER stress so that protein trans- 
lation can recover and UPR target genes can be transla- 
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ted[34,35]. In this manner, it behaves as a functional antagoni- 
st of  PERK. Whilst cells lacking PERK are vulnerable to 
death during ER stress, it appears that the antagonism of  
PERK by GADD34 during ER stress can also result in cell 
death. Excessive activity of  GADD34 in some circumstan- 
ces creates a situation similar to that of  PERK deficiency.
Could GADD34 inhibitors therefore prove useful to treat 
diabetes? A molecule called salubrinal has been identified 
that promotes eIF2α phosphorylation during ER stress[36].  
Its precise mechanism of  action requires further elucida- 
tion, but has been suggested to involve inhibition of  eIF2α  
dephosphorylation, which can promote cell survival in 
some models of  ER stress.

When mice were generated with β-cells that were par-
tially resistant to PERK by mutating the phosphorylation 
site of  eIF2α (eIF2αS51A), the animals developed diabetes 
due to uncontrolled proinsulin synthesis and increased 
oxidative stress[37]. Feeding them antioxidants in their diet 
ameliorated this. Interestingly, CHOP induces the tran-
scription of  ERO1α, which increases protein oxidation in 
the ER to promote disulphide bond formation[33].While 
this may improve protein folding, it also imposes an oxida-
tive stress burden on the β-cell. Consequently, preventing 
the induction of  ERO1α may explain why Chop knockout 
reduces oxidative damage and improves β-cell survival in 
models of  diabetes[38]. Chop deletion also increases β-cell 
mass and prevents glucose intolerance both in high-fat fed 
eIF2αS51A mice and in leptin receptor deficient mice. This 
appears to be mediated by increased β-cell proliferation 
and by reduced apoptosis suggesting that CHOP antago-
nism might help maintain β-cell mass in patients if  this 
could be achieved pharmacologically.

β-cells, therefore, can be subject to ER stress either 
from poorly regulated proinsulin synthesis in Wolcott-
Rallison syndrome or directly from mutant proinsulins. It 
is less clear, however, why ER stress should be relevant in 
peripheral tissues in diabetic patients. Nevertheless, ER 
stress in peripheral tissues plays at least as important a role 
in diabetes as it does in the β-cell. Some peripheral tissues,  
for example adipocytes, respond to raised circulating glu-
cose by increasing ER protein synthesis thus increasing ER  
client load[39].  In addition, obesity increases peripheral tis-
sue inflammation, which can also cause ER stress[40,41]. A 
consequence of  this appears to be impaired insulin signal-
ing and consequently insulin resistance.

While PERK regulates protein translation during ER 
stress and has further effects on UPR gene transcription, a 
second ER stress sensor called IRE1 regulates other UPR 
genes. IRE1 is far older than PERK in evolutionary terms, 
being found even in yeast. Not only can it trigger gene 
transcription but it can, at least in mammals, also impair 
insulin receptor signaling. Activated insulin receptors 
signal to the cell’s interior via the phosphorylation of  target  
molecules including insulin receptor substrate 1 (IRS1) on  
tyrosine residues. This can be blocked if  IRS1 is phos- 
phorylated on serine residues by the Jun N-terminal kinase  
(JNK)[42] and is triggered in peripheral tissues of  obese 
subjects through activation of  JNK by IRE1[43]. The notion  

that peripheral ER stress can impair glucose homeostasis 
is supported by a number of  other lines of  evidence. For  
example, if  ER function is impaired in the liver by deleting  
the chaperone Oxygen-Regulated Protein 150 (ORP150), 
mice display impaired IRS1-dependent insulin signaling 
and develop glucose intolerance[44]. In contrast, raising the  
levels of  ORP150 protects obese mice from diabetes[44,45]. 
We may yet be able to use these observations in therapies, 
since two small molecular “chemical chaperones”, 4-phenyl  
butyric acid and taurine-conjugated ursodeoxycholic acid, 
relieve ER stress in animal models in vivo and improve 
peripheral insulin sensitivity in obese diabetic mice[46].

CONCLUSION
Substantial clinical and experimental evidence clearly 
shows that ER stress is important in diabetes both affect-
ing β-cell survival and contributing to peripheral insulin 
resistance. This novel paradigm has already shed light on 
poorly understood aspects of  diabetes and is providing 
exciting new targets for therapeutic intervention. Novel 
molecules, for example salubrinal and guanabenz, are 
already becoming available to help study ER stress in the 
laboratory and these may perhaps represent the lead com-
pounds in the development of  new drugs that will enable 
us to tackle ER stress in diabetes and will eventually help 
to treat this important cause of  human suffering.
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Biostatistical editing
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errors. Give the number of  observations and subjects (n). Losses 
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95% confidence limits calculated and compared by weighted probit 
analysis (Bliss and Finney); and (5) The word ‘significantly’ should 
be replaced by its synonyms (if  it indicates extent) or the P value (if  
it indicates statistical significance). 

Conflict-of-interest statement
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potential bias, WJD requires authors of  all papers to declare any 
competing commercial,  personal, political, intellectual, or religious 
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to indicate any potential conflict they might have reviewing a 
particular paper. Before submitting, authors are suggested to read 
“Uniform Requirements for Manuscripts Submitted to Biomedical 
Journals: Ethical Considerations in the Conduct and Reporting of  
Research: Conflicts of  Interest” from International Committee of  
Medical Journal Editors (ICMJE), which is available at: http://www.
icmje.org/ethical_4conflicts.html. 

Sample wording: [Name of  individual] has received fees for 
serving as a speaker, a consultant and an advisory board member for 
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[names of  organization]. [Name of  individual] is an employee of  
[name of  organization]. [Name of  individual] owns stocks and shares 
in [name of  organization]. [Name of  individual] owns patent [patent 
identification and brief  description]. 

Statement of informed consent
Manuscripts should contain a statement to the effect that all human 
studies have been reviewed by the appropriate ethics committee 
or it should be stated clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, 
as revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should 
follow the highest standards and the trial should comform to Good 
Clinical Practice (for example, US Food and Drug Administration 
Good Clinical Practice in FDA-Regulated Clinical Trials; UK 
Medicines Research Council Guidelines for Good Clinical Practice 
in Clinical Trials) and/or the World Medical Association Declaration 
of  Helsinki. Generally, we suggest authors follow the lead inves
tigator’s national standard. If  doubt exists whether the research 
was conducted in accordance with the above standards, the authors 
must explain the rationale for their approach and demonstrate 
that the institutional review body explicitly approved the doubtful 
aspects of  the study. 

Before submitting, authors should make their study approved 
by the relevant research ethics committee or institutional review 
board. If  human participants were involved, manuscripts must be 
accompanied by a statement that the experiments were undertaken 
with the understanding and appropriate informed consent of  each. 
Any personal item or information will not be published without 
explicit consents from the involved patients. If  experimental animals 
were used, the materials and methods (experimental procedures) 
section must clearly indicate that appropriate measures were taken to 

minimize pain or discomfort, and details of  animal care should be 
provided.

SUBMISSION OF MANUSCRIPTS
Manuscripts should be typed in 1.5 line spacing and 12 pt. Book 
Antiqua with ample margins. Number all pages consecutively, and 
start each of  the following sections on a new page: Title Page, Abs
tract, Introduction, Materials and Methods, Results, Discussion, 
Acknowledgements, References, Tables, Figures, and Figure Leg
ends. Neither the editors nor the publisher are responsible for the 
opinions expressed by contributors. Manuscripts formally accepted 
for publication become the permanent property of  Baishideng 
Publishing Group Co., Limited, and may not be reproduced by any 
means, in whole or in part, without the written permission of  both 
the authors and the publisher. We reserve the right to copy-edit and 
put onto our website accepted manuscripts. Authors should follow 
the relevant guidelines for the care and use of  laboratory animals 
of  their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting 
of  clinical trials, we endorse the policy of  the International Com
mittee of  Medical Journal Editors to refuse to publish papers 
on clinical trial results if  the trial was not recorded in a publicly-
accessible registry at its outset. The only register now available, 
to our knowledge, is http://www. clinicaltrials.gov sponsored by 
the United States National Library of  Medicine and we encourage 
all potential contributors to register with it. However, in the case 
that other registers become available you will be duly notified. A 
letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 
secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photographs 
and illustrations because rejected manuscripts will not be returned 
to the author(s) and the editors will not be responsible for loss or 
damage to photographs and illustrations sustained during mailing.

Online submissions
Manuscripts should be submitted through the Online Submission 
System at: http://www.wjgnet.com/1948-9358office. Authors are 
highly recommended to consult the ONLINE INSTRUCTIONS 
TO AUTHORS (ht tp ://www.wjgnet .com/1948-9358/
g_info_20100107165233.htm) before attempting to submit online. 
For assistance, authors encountering problems with the Online 
Submission System may send an email describing the problem 
to wjd@wjgnet.com, or by telephone: +86-10-59080038. If  you 
submit your manuscript online, do not make a postal contribution. 
Repeated online submission for the same manuscript is strictly 
prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must be 
submitted using word-processing software. All submissions must 
be typed in 1.5 line spacing and 12 pt. Book Antiqua with ample 
margins. Style should conform to our house format. Required 
information for each of  the manuscript sections is as follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words should 
be provided.

Authorship: Authorship credit should be in accordance with the 
standard proposed by International Committee of  Medical Journal 
Editors, based on (1) substantial contributions to conception and 
design, acquisition of  data, or analysis and interpretation of  data; (2) 
drafting the article or revising it critically for important intellectual 
content; and (3) final approval of  the version to be published. Auth
ors should meet conditions 1, 2, and 3.

Institution: Author names should be given first, then the complete 
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name of  institution, city, province and postcode. For example, Xu-
Chen Zhang, Li-Xin Mei, Department of  Pathology, Chengde 
Medical College, Chengde 067000, Hebei Province, China. One 
author may be represented from two institutions, for example, Ge
orge Sgourakis, Department of  General, Visceral, and Transplan
tation Surgery, Essen 45122, Germany; George Sgourakis, 2nd 
Surgical Department, Korgialenio-Benakio Red Cross Hospital, 
Athens 15451, Greece

Author contributions: The format of  this section should be: 
Author contributions: Wang CL and Liang L contributed equally 
to this work; Wang CL, Liang L, Fu JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

Supportive foundations: The complete name and number of  
supportive foundations should be provided, e.g., Supported by 
National Natural Science Foundation of  China, No. 30224801

Correspondence to: Only one corresponding address should 
be provided. Author names should be given first, then author 
title, affiliation, the complete name of  institution, city, postcode, 
province, country, and email. All the letters in the email should be 
in lower case. A space interval should be inserted between country 
name and email address. For example, Montgomery Bissell, MD, 
Professor of  Medicine, Chief, Liver Center, Gastroenterology 
Division, University of  California, Box 0538, San Francisco, CA 
94143, United States. montgomery.bissell@ucsf.edu

Telephone and fax: Telephone and fax should consist of  +, 
country number, district number and telephone or fax number, e.g., 
Telephone: +86-10-59080039 Fax: +86-10-85381893

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJD, reviewers 
of  accepted manuscripts will be announced by publishing the 
name, title/position and institution of  the reviewer in the footnote 
accompanying the printed article. For example, reviewers: Professor 
Jing-Yuan Fang, Shanghai Institute of  Digestive Disease, Shanghai, 
Affiliated Renji Hospital, Medical Faculty, Shanghai Jiaotong 
University, Shanghai, China; Professor Xin-Wei Han, Department 
of  Radiology, The First Affiliated Hospital, Zhengzhou University, 
Zhengzhou, Henan Province, China; and Professor Anren Kuang, 
Department of  Nuclear Medicine, Huaxi Hospital, Sichuan Uni
versity, Chengdu, Sichuan Province, China.

Abstract
There are unstructured abstracts (no more than 256 words) and 
structured abstracts (no more than 480). The specific requirements 
for structured abstracts are as follows: 

An informative, structured abstracts of  no more than 480 
words should accompany each manuscript. Abstracts for original 
contributions should be structured into the following sections. AIM 
(no more than 20 words): Only the purpose should be included. 
Please write the aim as the form of  “To investigate/study/…; 
MATERIALS AND METHODS (no more than 140 words); 
RESULTS (no more than 294 words): You should present P values 
where appropriate and must provide relevant data to illustrate 
how they were obtained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; 
CONCLUSION (no more than 26 words).

Key words
Please list 5-10 key words, selected mainly from Index Medicus, which 
reflect the content of  the study.

Text
For articles of  these sections, original articles, rapid communi
cation and case reports, the main text should be structured into 
the following sections: INTRODUCTION, MATERIALS AND 
METHODS, RESULTS and DISCUSSION, and should include 
appropriate Figures and Tables. Data should be presented in the 
main text or in Figures and Tables, but not in both. The main 
text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1948-9358/g_info_20100107165233.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet .com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.wjgnet.com/1007-9327/13/4986.pdf; http://www.
wjgnet.com/1007-9327/13/4498.pdf. Keeping all elements 
compiled is necessary in line-art image. Scale bars should be  
used rather than magnification factors, with the length of  the bar  
defined in the legend rather than on the bar itself. File names should  
identify the figure and panel. Avoid layering type directly over  
shaded or textured areas. Please use uniform legends for the  
same subjects. For example: Figure 1 Pathological changes in 
atrophic gastritis after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; 
G: …etc. It is our principle to publish high resolution-figures for the 
printed and E-versions.

Tables
Three-line tables should be numbered 1, 2, 3, etc., and mentioned 
clearly in the main text. Provide a brief  title for each table. 
Detailed legends should not be included under tables, but rather 
added into the text where applicable. The information should 
complement, but not duplicate the text. Use one horizontal line 
under the title, a second under column heads, and a third below 
the Table, above any footnotes. Vertical and italic lines should be 
omitted.

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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example, “From references[19,22-24], we know that...”
When the authors write the references, please ensure that 

the order in text is the same as in the references section, and also 
ensure the spelling accuracy of  the first author’s name. Do not list 
the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference list, 
e.g. PMID and DOI, which can be found at http://www.ncbi.
nlm.nih.gov/sites/entrez?db=pubmed and http://www.crossref.
org/SimpleTextQuery/, respectively. The numbers will be used in 
E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed with 
the initial letter capitalized, followed by their abbreviated first 
and middle initials. (For example, Lian-Sheng Ma is abbreviated 
as Ma LS, Bo-Rong Pan as Pan BR). The title of  the cited article 
and italicized journal title (journal title should be in its abbreviated 
form as shown in PubMed), publication date, volume number 
(in black), start page, and end page [PMID: 11819634   DOI: 
10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-faced 
letters. The surname of  all authors should be typed with the initial 
letter capitalized, followed by their abbreviated middle and first 
initials. (For example, Lian-Sheng Ma is abbreviated as Ma LS, Bo-
Rong Pan as Pan BR) Book title. Publication number. Publication 
place: Publication press, Year: start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where 

applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

Chinese journal article (list all authors and include the PMID where 
applicable)

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature 

of  balancing selection in Arabidopsis. Proc Natl Acad Sci USA 
2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hyp

ertension, insulin, and proinsulin in participants with impaired  
glucose tolerance. Hypertension 2002; 40: 679-686 [PMID: 
12411462   PMCID:2516377   DOI:10.1161/01.HYP.00000 
35706.28494.09]

Both personal authors and an organization as author 
5	 Vallancien G, Emberton M, Harving N, van Moorselaar RJ; 

Alf-One Study Group. Sexual dysfunction in 1, 274 European 
men suffering from lower urinary tract symptoms. J Urol 
2003; 169: 2257-2261 [PMID: 12771764   DOI:10.1097/01.
ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. 

BMJ 2002; 325: 184 [PMID: 12142303   DOI:10.1136/
bmj.325.7357.184]

Volume with supplement
7	 Geraud G, Spierings EL, Keywood C. Tolerability and safety 

of  frovatriptan with short- and long-term use for treatment 

of  migraine and in comparison with sumatriptan. Headache 
2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

Issue with no volume
8	 Banit DM, Kaufer H, Hartford JM. Intraoperative frozen 

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.109
7/00003086-200208000-00026]

No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

Books
Personal author(s)
10	 Sherlock S, Dooley J. Diseases of  the liver and billiary sys

tem. 9th ed. Oxford: Blackwell Sci Pub, 1993: 258-296
Chapter in a book (list all authors)
11	 Lam SK. Academic investigator’s perspectives of  medical 

treatment for peptic ulcer. In: Swabb EA, Azabo S. Ulcer 
disease: investigation and basis for therapy. New York: Marcel 
Dekker, 1991: 431-450

Author(s) and editor(s)
12	 Breedlove GK, Schorfheide AM. Adolescent pregnancy. 2nd 

ed. Wieczorek RR, editor. White Plains (NY): March of  Dimes 
Education Services, 2001: 20-34

Conference proceedings
13	 Harnden P, Joffe JK, Jones WG, editors. Germ cell tumours V. 

Proceedings of  the 5th Germ cell tumours Conference; 2001 
Sep 13-15; Leeds, UK. New York: Springer, 2002: 30-56

Conference paper
14	 Christensen S, Oppacher F. An analysis of  Koza's compu

tational effort statistic for genetic programming. In: Foster 
JA, Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. 
Genetic programming. EuroGP 2002: Proceedings of  the 5th 
European Conference on Genetic Programming; 2002 Apr 
3-5; Kinsdale, Ireland. Berlin: Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious diseases. 

Emerg Infect Dis serial online, 1995-01-03, cited 1996-06-05; 
1(1): 24 screens. Available from: URL: http://www.cdc.gov/
ncidod/eid/index.htm

Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assig

nee. Flexible endoscopic grasping and cutting device and  
positioning tool assembly. United States patent US 200201 
03498. 2002 Aug 1

Statistical data
Write as mean ± SD or mean ± SE.

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) = 
96 h, blood glucose concentration, c (glucose) 6.4 ± 2.1 mmol/L; 
blood CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 
volume fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L 
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. 
Arabic numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/1948-9358/
g_info_20100107145507.htm.

Abbreviations
Standard abbreviations should be defined in the abstract and on first 
mention in the text. In general, terms should not be abbreviated 
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unless they are used repeatedly and the abbreviation is helpful to 
the reader. Permissible abbreviations are listed in Units, Symbols 
and Abbreviations: A Guide for Biological and Medical Editors and 
Authors (Ed. Baron DN, 1988) published by The Royal Society of  
Medicine, London. Certain commonly used abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

Italics
Quantities: t time or temperature, c concentration, A area, l length, 
m mass, V volume.
Genotypes: gyrA, arg 1, c myc, c fos, etc.
Restriction enzymes: EcoRI, HindI, BamHI, Kbo I, Kpn I, etc.
Biology: H. pylori, E coli, etc.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-9358/g_info_20100316 
080002.htm

Frontier: http://www.wjgnet.com/1948-9358/g_info_20100316 
091946.htm

Topic highlight: http://www.wjgnet.com/1948-9358/g_info_ 
20100316080004.htm

Observation: http://www.wjgnet.com/1948-9358/g_info_ 
20100107142558.htm

Guidelines for basic research: http://www.wjgnet.com/1948-9358/
g_info_20100316092358.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948- 
9358/g_info_20100316092508.htm

Review: http://www.wjgnet.com/1948-9358/g_info_2010 
0107142809.htm

Original articles: http://www.wjgnet.com/1948-9358/g_info_ 
20100107143306.htm

Brief  articles: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093137.htm

Case report: http://www.wjgnet.com/1948-9358/g_info_2010010 
7143856.htm

Letters to the editor: http://www.wjgnet.com/1948-9358/
g_info_20100107144156.htm

Book reviews: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093525.htm

Guidelines: http://www.wjgnet.com/1948-9358/g_info_2010 
0316093551.htm

SUBMISSION OF THE REVISED MANUSCRIPTS AFTER 
ACCEPTED
Please revise your article according to the revision policies 
of  WJD. The revised version including manuscript and high-
resolution image figures (if  any) should be copied on a floppy or 
compact disk. The author should send the revised manuscript, 
along with printed high-resolution color or black and white 
photos, copyright transfer letter, and responses to the reviewers 

by courier (such as EMS/DHL).

Editorial Office 
World Journal of Diabetes
Editorial Department: Room 903, Building D, 
Ocean International Center,
No. 62 Dongsihuan Zhonglu, 
Chaoyang District, Beijing 100025, China
E-mail: wjd@wjgnet.com
http://www.wjgnet.com
Telephone: +86-10-5908-0038
Fax: +86-10-8538-1893

Language evaluation 
The language of  a manuscript will be graded before it is sent for 
revision. (1) Grade A: priority publishing; (2) Grade B: minor 
language polishing; (3) Grade C: a great deal of  language polishing 
needed; and (4) Grade D: rejected. Revised articles should reach 
Grade A or B.

Copyright assignment form
Please download a Copyright assignment form from http://www.
wjgnet.com/1948-9358/g_info_20100107144846.htm.

Responses to reviewers
Please revise your article according to the comments/suggestions 
provided by the reviewers. The format for responses to the 
reviewers’ comments can be found at: http://www.wjgnet.
com/1948-9358/g_info_20100107170340.htm.

Proof of financial support
For paper supported by a foundation, authors should provide a 
copy of  the document and serial number of  the foundation.

Links to documents related to the manuscript 
WJD will be initiating a platform to promote dynamic interactions 
between the editors, peer reviewers, readers and authors. After a 
manuscript is published online, links to the PDF version of  the 
submitted manuscript, the peer-reviewers’ report and the revised 
manuscript will be put on-line. Readers can make comments on 
the peer reviewer’s report, authors’ responses to peer reviewers, 
and the revised manuscript. We hope that authors will benefit from 
this feedback and be able to revise the manuscript accordingly in a 
timely manner.

Science news releases
Authors of  accepted manuscripts are suggested to write a science 
news item to promote their articles. The news will be released 
rapidly at EurekAlert/AAAS (http://www.eurekalert.org). The 
title for news items should be less than 90 characters; the summary 
should be less than 75 words; and main body less than 500 words. 
Science news items should be lawful, ethical, and strictly based on 
your original content with an attractive title and interesting pictures.

Publication fee
WJD is an international, peer-reviewed, Open-Access, online journal.  
Articles published by this journal are distributed under the terms 
of  the Creative Commons Attribution Non-commercial License,  
which permits use, distribution, and reproduction in any medium, 
provided the original work is properly cited, the use is non commer
cial and is otherwise in compliance with the license. Authors of  
accepted articles must pay a publication fee. The related standards 
are as follows. Publication fee: 1300 USD per article. Editorial, topic 
highlights, book reviews and letters to the editor are published free 
of  charge.
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