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Abstract

MicroRNAs (miRNAs or miRs) are small approximately
22 nucleotide RNA species that are believed to regu-
late diverse metabolic and physiological processes.
In the recent past, several reports have surfaced that
demonstrate the role of miRNAs in various biological
processes and numerous disease states. For a disease
as complex as diabetes, the emergence of miRNAs as
key regulators leading to the disease phenotype has
added a novel dimension to the area of diabetes re-
search. On the other hand, the liver, a metabolic hub,
contributes in @ major way towards maintaining nor-
mal glucose levels in the body as it can both stimulate
and inhibit hepatic glucose output. This equilibrium is
frequently disturbed in diabetes and hence, the liver
assumes special significance considering the correla-
tion between altered hepatic physiology and diabetes.
While the understanding of the mechanisms behind
this altered hepatic behavior is not yet completely
understood, recent reports on the status and role of
miRNAs in the diabetic liver have further added to the
complexities of the knowledge of hepatic pathophysiol-
ogy in diabetes. Here, we bring together the various
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miRNAs that play a role in the altered hepatic behavior
during diabetes.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

“In diabetes, the thirst is great; for the fluid running off
dries the body.... For the thirst, there is need of a power-
ful remedy, for in kind it is the greatest of all sufferings;

and when a fluid is drunk, it stimulates the discharge of
»[1]

urine...

These are the words of one of the most celebrated
physicians of ancient Greece, Aretacus of Cappadocia.
He went on to say that “a person suffering from diabe-
tes leads a life that is disgusting and painful, followed by
a speedy death”. The term diabetes also seems to have
been introduced into medical nomenclature by Arctacus
himself. A notable Roman physician, Galen, regarded dia-
betes as a disease of the kidneys, or as he put it, “diarrhoea
of the urine”?. Several hypotheses followed thereafter
and it was only after the 1500s that some of the intricate
explanations of this complex disorder became known
to mankind. In 1674, Thomas Willis” first differentiated
diabetes from other causes of polyuria by the sweet taste
of diabetic urine and also suggested that this sweetness
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first appeared in the blood. Later, Matthew Dobson es-
tablished that the sweetness of urine was due to sugar
and the sweet component was later on identified precisely
as glucose by Eugene Chevreul”. Thus, it was due to the
keen observational skills of these early researchers that
we started gaining some understanding of diabetes.

In the present day, diabetes and its mechanisms are
much more understood although several complexities still
exist. A contributing factor to this has been the fact that,
in recent times, there has been a tremendous increase in
the number of individuals affected by diabetes together
with varied mechanisms of the disease manifestation. Its
exploding trend is evident from world-wide predictions
that forecast a number as high as 366 million patients
with diabetes in 2030, Mainly classified as two types,
diabetes mellitus can be due to either insulin deficiency
(due to loss of insulin producing pancreatic -cells) re-
ferred to as type 1 diabetes mellitus, or due to decreased
responsiveness of the body tissues to insulin referred to
as type 2 diabetes mellitus (T2DM). The skeletal muscle,
adipose and liver mainly comprise the insulin target tis-
sues that together contribute towards maintaining a
circulating euglycemic status in the presence of insulin.
While the adipose tissue and the skeletal muscle majorly
participate in sequestering glucose into the cells, the liver
critically regulates hepatic glucose output by controlling
the pathways of gluconeogenesis, glycolysis and glyco-
genolysis. In addition, the liver also communicates with
other tissues and thereby regulates metabolism in extra-
hepatic tissues, such as adipose and muscle. Therefore,
the liver is believed to be a central organ in the regulation
of whole body glucose homeostasis and is central to the
onset and progression of diabetes. In this article, we dis-
cuss the hepatic abnormalities during diabetes and role(s)
of microRNAs (miRNAs or miRs), the recently discov-
ered small RNA species.

LIVER IN DIABETES

The role played by liver in whole body metabolism and
its implication in the pathogenesis of T2DM becomes
even more significant as this tissue is sensitive to the two
important hormones involved in glucose homeostasis,
namely insulin and glucagon. Any disturbance in the
delicate equilibrium maintained by the liver often leads
to abnormal glucose levels within the body"™. Moreover,
owing to the hepatic portal system, the liver has an upper
edge in encountering any changes in the nutritional status
of an individual. Any manipulation in its physiology in-
volving the intricate regulation of glucose homeostasis by
alternating between cycles of glucose output and its inhi-
bition contributes to the onset and progression of diabe-
tes. Hence, it is not surprising that the liver is one of the
affected and/or contributing tissues in diabetes mellitus.
One of the most prominent and evident symptoms
of T2DM is a fatty liver. While adipocytes are normally
believed to accumulate fats, under abnormal conditions
(such as over nutrition), other organs like the liver and
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muscle become additional sites for fat deposition. This
“ectopic” fat accumulation causes several derangements,
not only in the normal functioning of the organ involved
but also in the whole body metabolism. One such abnot-
mality that is evident in the liver during T2DM is non-
alcoholic fatty liver disease (NAFLD).

NAFLD is a broad term comprising of liver disorders
which are usually related to insulin resistance, metabolic
syndrome or type 2 diabetes. NAFLD starts with hepatic
steatosis that is characterized by fat accumulation in
the hepatocytes. This fat accumulation is thought to be
caused by metabolic imbalances such as higher amounts
of dietary lipids, increased trafficking of free fatty acids
from adipose to liver and increased de novo lipogenesis.
This may also result from reduced fatty acid oxidation
or impaired triglyceride secretion from liver »za VLDLs.
Hepatic steatosis might progress to a more severe form
of NAFLD i.e., non-alcoholic steatohepatitis (NASH).
In some cases, this condition may worsen, progressing
to fibrosis (activation of hepatic stellate cells resulting in
collagen deposition) and cirrhosis and finally, might also
end up in hepatocellular carcinoma'”.

The underlying molecular mechanisms that lead to
such hepatic abnormalities during diabetes are far from
being completely understood. The association among
insulin resistance, accumulation of triglycerides in the
liver and diabetes is quite well established” but the pre-
cise mechanistic events are still a matter of debate. The
contribution of genes, urban lifestyle and intra-uterine
environment in making us prone specifically to T2DM
and its complications are understandable, but still are not
completely sufficient to explain these mentioned phe-
nomena. As researchers from diverse fields of genetics,
epigenetics, molecular biology and evolutionary biology
are still struggling to address these intriguing questions,
the emergence and identification of microRNAs as new
regulators in this disease have added a whole new layer of
complexity. The next section focuses on the established
role(s) of various miRNAs during the onset and progres-
sion of hepatic abnormalities.

MICRORNAS AND THEIR ROLE IN THE
DIABETIC LIVER

MicroRNAs represent a new class of small RNA mol-
ecules with an ability to fine-tune gene expression. These
are endogenous, single-stranded approximately 22 nucle-
otide RNA molecules that have been identified in over 80
species, including those encoded by viral genomes'”. They

predominantly regulate target gene expression by bind-
ing to the 3’'UTRs of the respective mRNAs (messenger
RNA) and inhibiting their translation into the respective
proteins. It is believed that expression of 30% of human
genes may be regulated by miRNAs'",

In the last few years, several reports mentioned the
association of miRNAs with diverse metabolic pathways,
especially in the liver, that lead to the diabetic pheno-
type'”. These studies not only underscore the fact that
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these tiny RNA species are big players in hepatic patho-
physiology during diabetes but also categorically empha-
size that this field is growing quite rapidly. In one such
study, a set of 18 distinct miRNAs were differentially
expressed in the livers of hyperglycemic Goto-Kakizaki
(GK) rats as compared to normal Brown Norway rats"”,
In particular, specific miRNAs namely miR-195 and
miR-103 that exhibit highest levels of expression in the
livers of the diabetic GK rats followed an almost linear
co-relative expression pattern with the hyperglycemic
phenotype. Also, miR-191 was significantly up regulated
in GK rats as compared to other strains. Predicted targets
to these altered miRNAs are involved in pathways per-
taining to T2DM and therefore suggest the relevance of
an altered miRNA status in the diabetic liver.

miRNAs were shown to play regulatory roles in the
aberrant energy status during NAFLD. In a comparative
study in ob/ob mice (a well established mouse model for
diabetes with NAFLD) s streptozotocin (STZ)-induced
diabetic mice (this mouse model exhibits hyperglycemia
without fatty liver), miR-107, miR-103, miR-126-3p,
miR-100 and miR-29¢ were identified to be differentially
expressed. On the other hand, miR-34a was specifically
up regulated in STZ-induced diabetic mice in contrast to
normal mice'"!, Such distinct patterns of miRNA expres-
sion identify an important role of miRNAs in the altered
energy metabolism and pathophysiology of the liver dut-
ing T2DM. Livers of ob/ob mice also exhibit elevated
levels of miR-103/107 levels"” and in an attempt towards
reconfirming this in humans, patients with alcoholic liver
disease, NAFLD and NASH also depicted increased
levels of these miRNAs. Interestingly, antagonism of
miR-103/107 in ob/ob mice resulted in increased insu-
lin sensitivity and improved glucose homeostasis while
gain of miR-103/107 function led to impaired glucose
homeostasis. One of the mechanisms desctribed for these
miRNAs is zia targeting Caveolin-1 that is involved in the
activation of insulin signaling, Caveolins comprise a fam-
ily of integral membrane proteins that are major compo-
nents of membrane invaginations called caveolae. They
are involved primarily in receptor-mediated endocytosis
and caveolin-1, in particular, modulates insulin signaling
by regulating glucose uptakem’w]. miR-103/107, by tar-
geting caveolin-1, therefore appears as a key regulator of
insulin sensitivity and identifies a new target for the treat-
ment of T2DM.

In addition to the above mentioned reports” ', there
are an increasing number of studies focusing on miRINA
patterns in various stages of fatty liver disease. One of
the earliest reports that came along in this area was by
Jin ez al™. The authors identified the differential miRNA
expression patterns in liver among different stages of
NAFLD using fat rich-diet based rat models. By applying
prediction analysis of Microarray, miRNA signatures were
identified specific to the stages of simple steatosis and
steatohepatitis as compared to the normal liver. This, the
first of its kind of study, provided not only an evidence
for miRNA deregulation in fatty liver disease but also
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suggested that miRNA signatures can be applied as diag-
nostic markers to differentiate among vatious pathologi-
cal states of the liver. While miR-122, miR-27a, miR-31,
miR-451, miR-145 were down-regulated, miR-200a, miR-
200b were up-regulated in diet-induced NAFLD rat
models"”. Pputative targets of these altered miRNAs are
involved in specific relevant pathways of lipid and carbo-
hydrate metabolism, signal transduction and apoptosis.
They also exhibited an inverse pattern of expression and
this suggests a potential involvement of miRNAs and
their target proteins in the pathogenesis of diet-induced
NAFLD. Differential miRNA expression profiling in the
hepatic tissues of patients of NASH identified a total
of 46 miRNAs to be deregulated in these subjectsm. Of
these, silencing and over expression of miR-122 (one of
the down regulated miRNAs) could regulate the expres-
sion of its predicted target genes mainly those involved
in the lipogenic pathway (FASN, HMG-CoA reductase,
SREBP-1c and SREBP-2), suggesting modulation of
the hepatic fatty acid metabolism 7z vive. Incidentally, an
altered miRNA expression pattern in the livers of diet-in-
duced mouse models for alcoholic as well as NASH was
reported by Dolganiuc ¢ al™, suggesting specific miRINA
signatures in these hepatic pathologies even though both
these abnormalities share common phenotypes.

In a rat model of hepatic fibrosis, the miR-34 family
that targets ACSL1 and modulates lipid metabolism is al-
tered"”. ACSL1 belongs to the long-chain fatty acid CoA
ligase family that activates long chain fatty acids to acyl-
CoAs and hence by modulating lipid and fatty acid me-
tabolism also contributes to the development of hepatic
fibrosis. In patients of chronic hepatitis, the hepatic lev-
els of miR-199a, miR-199*, miR-200a and miR-200b are
markedly elevated and also exhibit a positive correlation
with the progression of the disease™. Fibrosis related
genes, specifically TIMP1 and matrix metallo-proteinase
13, are increased in the presence of these miRNAs that
lead to the development of hepatic fibrosis. All these
suggest a diverse array of miRNAs getting altered during
hepatic fibrosis and suggest their potential in therapeutic
interventions.

Vinciguerra e/ al”" described that unsaturated fatty
acids increase the levels of miR-21 in hepatocytes, which
in turn targets phosphatase and tensin homolog (PTEN),
leading to steatosis. PTEN is a ubiquitously present pro-
tein that specifically dephosphorylates phosphatidylino-
sitol (3,4,5)-trisphosphate and inhibits the AKT signaling
pathway. This makes it important for the insulin signal-
ing pathway of which AKT is a major intermediate and
therefore the role of decreased PTEN expression has
been well correlated with insulin resistance and fatty liv-
er™ but its regulation through miR-21 has further added
a new mechanistic layer of regulation. The insulin-AKT
axis and glucose homeostasis is also targeted by elevated
miR-143 levels in the obese liver™. Over-expression of
miR-143 impairs insulin-stimulated AKT activation that
confers insulin resistance in obese mice. miR-143 does so
by targeting oxysterol-binding protein related protein 8
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(ORPS) that regulates the ability of insulin to phosphory-
late and activate AK'T. ORPS is a member of the oxystet-
ol-binding-protein family that binds 25-OH cholesterol
and regulates the activation of AKT™. 1In a steatosic
LO2 cell line model, miR-10b is up regulated that lead to
steatosis via regulating its target PPARq., a nuclear hor-
mone receptor that is essential during lipid metabolism™".
This interaction results in modulation of lipid metabo-
lism by triggering the expression of genes required for
fatty acid oxidation as well as by increasing the transloca-
tion of fatty acids into mitochondtia. In another study,
miR-27a and miR-27b were identified to be critical in the
trans differentiation of normal quiescent HSCs (Hepatic
Stellate Cells) into activated HSCs which play a signifi-
cant role in liver fibrosis™. These miRNAs were able to
modulate fat metabolism in HSCs by targeting RXRa,
the expression of which is decreased in activated HSCs.
As compared to normal quiescent HSCs, miR-335 is
down-regulated in activated HSCs that lead to increased
expression of matrix proteins, a-SMA and collagen type
179, Tenascin C, an extracellular matrix glycoprotein in-
volved in cell migration, is down-regulated by miR-335
and the miR-335-tenascin C pair is identified, at least in
part, to regulate HSC migration during hepatic fibrosis.
Inhibition of HSC activation and migration is considered
an effective therapeutic strategy and here miR-335 offers
a promising treatment scheme for hepatic fibrosis.

Altered miRNA levels, therefore, are believed to
determine the deregulated hepatic physiology that is fre-
quently associated with T2DM and promise to be signifi-
cant targets for therapeutic intervention.

CONCLUSION

Current emerging studies indicate that miRNAs might
be perceived as potential therapeutic targets. That this
could be so is evident from reports where miRNA over-

expression or antagonism led to regression of tumors
in animal models”. These studies provide a proof
of principle for the use of miRNAs in medicine. Since
miRNAs exhibit partial complementarity with their target
mRNAs, multiple mRNAs are targeted by each miRNA
for example, a miRNA might target several components
of a particular molecular pathway. miRNA based therapy
might involve miRNAs, their mimics or their inhibitors
known an antagomiRs to modulate the levels of the cor-
responding miRNA and their target(s) within a cell. So,
miRNAs can be treated as multi-target therapeutic agents
that might prove far more efficient than targeting a single
gene or protein. However, a major obstacle envisaged
is the targeted delivery and maintaining the stability of
the miRNAs or their antagomiRs 7 vive. Lipid conjuga-
tion and chemical modifications, especially additions
of phosphorothioate, 2’-O-methyl, 2’-O-methoxyethyl
moieties and locked nucleic acid motifs to the nucleotide
backbone are being considered to overcome these ob-
stacles”™. These are believed to increase the target affinity
and also enhance the serum stability of these small RNA
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species. Indeed, 7z vivo inhibition of liver specific miRNA,
miR-122 led to improvement in hepatic steatosis by
increasing fatty acid oxidation and down regulating lipo-
genesis in diet-induced obese mice™. It also resulted in
decreased cholesterol levels. Their therapeutic potential is
also apparent in a recent study by Trajkovski e al'™ where
miR-103/107 antagonism led to improved insulin sensi-
tivity and restored glucose homeostasis in obese mice.

In addition, miRNAs can be utilized as superior
biomarkers for diagnosis of various diseases as well as
distinguishing different forms of the disease. Diagnosis
remains a major untesolved issue related with NAFLD".
To date, there is no gold standard technique to cither
identify NAFLD or to differentiate among different
stages of this disease. Serological assays based on con-
ventional liver tests for alanine aminotransferase and as-
partate aminotransferase and imaging techniques such as
hepatic ultrasonography, magnetic resonance imaging and
proton magnetic resonance that are routinely used for the
detection of NAFLD have their associated shortcomings.
Some recent studies have shown that different types of
cancers can be discriminated by their specific miRINAs
expression signaturesm. Also, presence of miRNAs in
body fluids such as serum and increased stability as com-
pared to mRNAs since they circulate within membrane
vesicles which protect them from endogenous RNase
activity”"!, make them even more attractive agents as bio-
marker diagnostics. In fact, circulating miRNA profiles
have been explored as potential non-invasive biomarkers
in several diseases™. Plasma levels of cardiac-specific
miR-208 and miR-499 are elevated in acute myocardial
infarction™ " and in a mouse mole of drug-induced liver
injury, miR-122 and miR-192 are specifically clevated™.
Reduced levels of plasma miR-132 are associated with
rheumatoid arthritis and osteoporosism. Circulating
miRNA levels have been most identified in various types
of cancer; plasma miR-21 levels are clevated in B-cell
P and in leukemia patients, miR-92a
levels are down—regulatedw. Serum miR-141 levels are
clevated in prostate cancer patientsml and the miR-17-92
cluster is associated with colon cancer™. These reports
suggest that circulating miRNAs are altered in diverse dis-
case states and might be explored as potential biomarkers

lymphoma patients

to identify the stage and progression of the disease.

Not much has been done as far as the circulatory
miRNA profiles in T2DM or hepatic pathophysiologies
are concerned. Identification of altered circulatory levels
of miRNAs in T2DM is just at the beginning™'™' but
nevertheless suggest a promising aspect of their use as
potential non-invasive biomarkers in T2DM. Although
not in relation to diabetes yet, plasma levels of miR-122,
mir-34a and miR-16 were markedly elevated in NAFLD
subjects that also correlated with the disease severity!™.
Therefore, although at its nascent stage, an altered miR-
NA signature offers a strong possibility to be exploited
to identify hepatic abnormalities and also the stage of
the disease during T2DM. Such a therapeutic potential
of miRNAs in targeting the challenging issues of obesity
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and T2DM has recently been described by Czech ef al””
in 2011.

Considering the increasing body of evidence that re-
veal altered hepatic miRNA patterns in diabetes, a worth-
while thought would be to utilise these small RNA species
in the diagnosis and prognosis of this abnormality that
would put forth novel criteria for their clinical identity.
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into question prevailing views about the dynamics,
position and functions of epigenetic marks. Most epi-
genetic studies have addressed the long-term effects
on a small number of epigenetic marks, at the global INTRODUCTION
or individual gene level, of environmental stressors - - - - -
in humans and animal models. In parallel, increasing Epigenetic marks are candidate memories of early life

numbers of studies based on high-throughput technol-  events. All the cells in the body have identical genomes.
ogies and focusing on humans and mice have revealed =~ However, each cell has one of many “epigenomes”,
additional complexity in epigenetic processes, by high- unique sets of epigenetic instructions for establishing
lighting the importance of crosstalk between the dif- and maintaining lineage-specific expression proﬁlesm.

ferent epigenetic marks. A number of studies focusing The genome is programmed to express appropriate sets
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of genes, in particular tissues, at specific time points dut-
ing the individual’s life. Epigenetic events create a memo-
ry of cell identity, maintaining genomic functions such as
the maintenance of cell identity after differentiation, the
propagation of essential features of chromosomal archi-
tecture and dosage compensationm.

Unlike genetic information, which is extremely stable,
epigenetic events are reversible, responding to endog-
enous and exogenous (environmental) signals. There is
convincing experimental evidence to suggest that epigen-
etic marks serve as a memory of exposure, in early life,
to inappropriate environments. These marks induce long-
term changes in gene expression, potentially leading to
disease in later life, the “developmental origin of health
and disease” (DOHaD) hypothesis™”.

We focus here on the most recently discovered mecha-
nisms. Significant advances in analytical technologies have
led to epigenome characterization becoming a key ele-
ment in increasing numbers of investigationsls’w]. These
recent data challenge prevailing views about the dynam-
ics, relevant position and functions of many epigenetic
marks and their complex patterns of crosstalk. We high-
light improvements in our understanding of the relation-
ships between epigenetic processes and environmental
factors, such as maternal nutrition, and discuss the gaps
in our knowledge that remain to be filled. The revers-
ibility of the chromatin modification states determining
gene expression status is essential for interaction between
the environment and the dynamic epigenome. However,
some epigenetic marks laid down early in development,
under the influence of environmental factors, must re-
main stable, acting as a memory of the event long after
exposure has ceased. The basis of this paradox, the need
for both reversibility and stability, remains unclear.

RECONSIDERING DNA METHYLATION
DOGMAS

Cytosine methylation is the only epigenetic modification
directly affecting the DNA molecule. It is required for
correct embryonic development in mammals. The DNA
of most vertebrates is depleted in CpG dinucleotides,
the main target for DNA methylation. Furthermore, the
role of DNA methylation in genome regulation, other
than in genomic imprinting and X inactivation, remains
unclear. CpG islands (CGIs) and promoters have been
studied in detail because they are easily accessible in
terms of the techniques available and sequence specific-
ity. However, other sequences should be taken into con-
sideration (Figure 1).

Mammalian genomes are punctuated by CGIs, DNA
sequences with an unusually high frequency of CpG
sites'"'!, There is considerable evidence for a functional
role of CGI-promoter methylation in transcription,
but the correlation between CGI methylation and tran-
scription status is poor for many genes. Recently, “CGI
shores” were defined as sequences up to 2 kb around
CGI and their methylation are highly conserved, tissue-
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specific and strongly related to gene expression”z’m. Sev-
eral large-scale methylation studies have called into ques-
tion some of the prevailing views about the dynamics
and function of DNA methylation. Weber and co-work-
ers investigated the function of DNA methylation in es-
regulatory regions and its impact on gene expression by
mapping DNA methylation throughout the genome with
a methylated DNA immuno precipitation-chip approach
and defined three classes of promoters in terms of CpG
frequency" . They showed that (1) the methylation of
CpG-poor promoters did not prevent gene expression; (2)
DNA methylation was not a general mechanism of gene
repression, as most CGI promoters remain unmethylated
even when inactive; and (3) DNA methylation was prin-
cipally involved in regulating key developmental genes.
Thus, promoter CpG density and gene function are the
main predictors of promoter methylation state. Shen
and co-workers reported that a subset of CGIs within
the promoters of key developmental genes were sub-
ject to tissue-specific methylation during development.
Such methylation had previously been reported only for
imprinted and X-inactivated genes. This observation
suggests the existence of a programmed mechanism of
DNA methylation“sl. Unmethylated regions, recently
identified as non-promoter CGls, become methylated
during development in a tissue-specific manner, poten-
tially modifying gene expression'”. Thus, the methylation
of other regulatory elements may also be important for
transcriptional regulation. Moreover, as first observed for
the active X chromosome, gene-body methylation may be
a hallmark of active genes in the whole genome!""'",

Most studies have focused on the methylation of
CpG nucleotides, but a potential role of non-CpG
methylation has been demonstrated in embryonic cells
and adult tissues. In non-CpG contexts, methylation is
observed principally in gene bodies, being much rarer at
protein-binding sites and enhancers and entirely absent
after the induction of differentiation in embryonic stem
(ES) cells"” . In a pathological context, Barres ez al™
showed that non-CpG methylation was readily detectable
in the skeletal muscles of patients with type 2 diabetes
(I2D). They found that the peroxisome proliferator-acti-
vated receptor g coactivator-1a (PGC-1a) gene displayed
hypermethylation in diabetic subjects, which was nega-
tively correlated with PGC-1a mRNA and mitochondrial
DNA levels. Bisulfite sequencing revealed the proportion
of non-CpG methylation to be highest. Exposure to
tumor necrosis factor o ot free fatty acids resulted in a
short-term increase in non-CpG methylation in human
myotubes. Thus, non-CpG methylation, previously re-
ported almost exclusively in plants and ES cells, may have
a physiological role in human skeletal muscle”?.

Finally, hydroxymethylation of cytosine was recently
identified in mouse ES and neuronal cells™*!, Altogeth-
er, these new findings highlight the complexity of DNA
methylation and the importance of not focusing solely
on CGIs and promoters, which should be taken into ac-
count in future studies.
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Figure 1 Target sequences for DNA methylation studies. The majority of DNA methylation concerns methylcytosine on CpG dinucleotides but recently hydroxymeth-
ylcytosine and methylation on non-CpG sites were identified. Non-CpG methylation was reported in gene body, promoters and repetitive elements; its expanse needs
to be further investigated. CpG islands (CGI) and gene promoters are preferred targets in many studies as they correspond to a tractable fraction of the genome with
obvious regulatory potential. CGls are defined algorithmically, as sequences with an observed-to-expected ratio of CpG greater than 0.6, a G+C content greater than
0.5 and, in most cases, a length of more than 500 bp. Three classes of promoters were defined according to their CpG content: LCP have the highest probability to be
methylated but methylation correlates poorly to transcription, HCP have low probability to be methylated but this correlates with gene expression. However, transcrip-
tional regulation of genes depends also on distal regulatory elements such as enhancers, insulators, locus control regions and silencing elements. In addition, recent
studies show that gene-bodies in active transcription sites are enriched in DNA methylation. Moreover, non-promoter CGls unmethylated regions (UMR) were recently
identified, initially unmethylated they become methylated during development in a tissue-specific manner. “CGl shores” sequences were described around CGl, their
methylation in normal tissues is highly conserved, tissue-specific and strongly related to gene expression and were highly sensitive to DNA alterations in colon cancer,
as opposed to promoters or CGls. Highly methylated repetitive elements and highly conserved non-coding elements can also be interesting targets for DNA methylation
studies. LCG: Low-CpG promoters; ICG: Intermediate-CpG promoters; HCG: High-CpG promoters; HCNE: Highly conserved non-coding elements.

EVOLVING WORLD OF HISTONE many fundamental biOlOgiCal processes and may be epige—
netically inherited””.
MODIFICATIONS A complex picture is emerging in which DNA meth-

ylation and histone modifications act in concert in an
epigenetic program integrating gene-silencing networks
within the cell”"*. Crosstalk occurs between DNA meth-
ylation and histone modifications and is mediated by
methyl- or histone-binding proteins, which decipher the
regulatory information encoded by the DNA methylation
and histone marks””.

Recent studies have greatly modified our understanding
of histone modifications. Histone modifications lead to
the recruitment and binding of critical DNA-regulatory
proteins controlling transcription, replication, recombina-
tion and repair. Each modification constitutes a signal
that is read alone or in combination with other marks on
the same or neighboring histones, constituting a “histone
code”. Histone protein tails display at least 9 different
types of post-translational modifications (e.g;, acetylation,
methylation, ubiquitination, phosphorylation...) with
many target sites and at least 50 different modifications
having been identified™. Histone-modifying enzymes,
such as histone methyltransferases or histone demethyl-

Ambiguous chromatin structure of ES cells

After fertilization, the acquisition of pluripotency involves
the epigenetic resetting of the gamete genome to allow
the activation of essential genes, such as pluripotency-as-
sociated genes. ES cells have an open chromatin structure
that is essential for pluripotency and allows the transcrip-

ases, histone acetyl transferases or histone deacetylases tion of developmentally regulated genes. The gene expres-
(HDACs) add or remove epigenetic marks on histone sion program of ES cells keeps these cells in a pluripotent
tails”. Their presence on histones may induce a higher- state, but also allows them to differentiate into more spe-
order chromatin structure and may co-ordinate the or- cialized cells in response to appropriate signals.

dered recruitment of enzyme complexes for DNA manip- One particular group of transcription factors, “pio-
ulation. For example, acetylation is associated exclusively neer factors”, is essential early in development. Pioneer
with active chromatin states, wheteas lysine and arginine factors binding to promoters and enhancers enable chro-
methylation may be associated with active transcription matin access for other tissue-specific transcription fac-
or repression. Histone modifications may thus influence tors. Such proteins, including members of the fork head
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Figure 2 Mechanistic pathways for environmental factors involved in epigenetic reprogramming. There are three ways to link environmental factors such as
nutrients or drugs from the cell membrane to the chromatin structure: (1) Some environmental factors, aging and gender may target chromatin modifying enzymes or
their substrate availability. Exogenous/endogenous substrates [methyl donors such as folates, histone deacetylase (HDAC) inhibitors such as TSA, etc.], after passive
or active entry through the cell membrane, undergo cell specific metabolism. Thus, endogenous or exogenous compounds may lead to the alteration of a critical bal-
ance of chromatin remodelling enzymes, at the whole genome level, or to specific regions targeted by specific enzymes, e.g. HDACs; (2) Some other compounds (like
endocrine disruptors) specifically bind to nuclear receptors, like steroid receptors, may be present in the cytoplasm, bind to their ligand, undergo several modifications
and be subsequently translocated to the nucleus where they bind to their responsive elements (RE). The binding of other nuclear receptors, like PPARs and retinoid X
receptor (RXR), with their natural polyunsaturated fatty acids ligands or drugs like fibrates lead to the recruitment of co-activators and chromatin remodelling factors.
The appropriate modifications of the epigenetic marks at PPAR/RXR RE in target gene promoters modulate the expression of a particular set of genes, in a tissue-
specific manner depending on the presence of appropriate co-factors; and (3) Traditional membrane receptor-signalling cascades may be involved. It is possible,
depending on the type of ligand, that different pathways could be used. The maintenance of epigenetic patterns is dependent on the preservation of the balance of
factors such as DNMTs, Histone acetyl transferases/HDACs or histone methyltransferases/histone demethylases and on the translocation of these enzymes into the
nucleus. Extra- or intracellular signalling pathways could trigger activation of one of these factors and result in loci-specific modifications. PPAR: Peroxisome prolifera-

tor-activated receptor; DNMT: DNA methyltransferase.

family Foxa, have been found to play important roles at
many stages of mammalian life, in early development, or-
ganogenesis and, finally, metabolism and homeostasis in
the adule™”,

Bivalent chromatin domains, with overlapping re-
pressive H3K27me3 and activating H3K4me3 histone
modifications, have recently been shown to mark the
promoters of more than 2000 silent regulatory genes in-
volved in developmental processes”** ™. Although not
unique to ES cells, these bivalent marks seem to play a
special role in differentiating cells, keeping developmen-
tal genes poised for expression during differentiation.
Moreover, inactive unmethylated CGI promoters have
high H3K4me2 levels, which may protect DNA from
methylation”. Tn addition, Guenther ez a/”" found that
nucleosomes with H3K4me3 and H3K9/K14ac modifi-
cations, together with RNA polymerasell, occupied the
promoters of most protein-coding genes in human ES
cells. Only a subset of these genes produces detectable
full-length transcripts and is occupied by nucleosomes
with H3K36me3 modifications, a hallmark of clonga-
tion. The others display transcription initiation but not
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elongation, consistent with regulation principally at post-
initiation steps. The genes encoding most developmental
regulators fall into this group.

These data suggest a model in which epigenetic marks
restrict and define differentiation potential during devel-
opmentm’gg’m. Identification of the markers involved in
establishing transcriptional competence in pluripotent
cells should make it possible to explore potential distur-
bance due to environmental factors. If modulation by
environmental stressors occurs at these early stages, the
resulting epigenetic marks should escape the resetting
process, allowing them to manifest during adulthood"*".

How early nutrition sculpts our epigenomes

Throughout evolution, organisms have been faced with
the challenge of sensing changes in their environment,
such as food depletion and stress, and adapting to them,
to ensure their survival. These responses implicitly in-
volve mechanisms, such as chromatin targeting, for
adapting the expression of fundamental genes and ensur-
ing genome integrity. Environmental factors, such as diet,
nutrients, drugs or the social environment, can be linked
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to chromatin structure in several ways (Figure 2) b,

There is emerging evidence that the environmental
changes, triggered at different stages of development,
lead to the self-propagation of epigenetic marks associ-
ated with changes in gene expression and an adult-onset
phenotype™™ (for review see®™). Most studies have dealt
with DNA methylation, histone modifications ot chro-
matin occupancy by components of the epigenetic ma-
chinery, rarely with combinations of these factors. Such
combined studies would provide (1) a better definition of
the respective roles of the different epigenetic alterations;
(2) an understanding of the consequences of crosstalk
between different modifications; (3) identification of the
initiating mark; or (4) the matrix for subsequent marks as
the individual progresses from an asymptomatic, latent
state towards full-blown disease.

Environmental conditions before conception and
implantation

Preimplantation development in mammals has recently
been shown to be sensitive to environmental conditions,
both 7n vivo and in vitro, modifying blastocyst potential
and leading to long-term changes in fetal and postnatal
health and physiology. Similarly, the environment inhab-
ited by a breeding female before conception and early in
pregnancy has striking effects on the oocytes developing
in the ovarian follicle and embryos in the early stages of
development in the reproductive tract. Environmental
conditions at these stages may also alter behavior, cardio-
vascular function and reproductive function throughout
postnatal life” . Low maternal protein consumption or
vitamin B and methionine status leads to behavioral and
cardiovascular abnormalities in offspring, sex-specific
changes in hepatic gene expression in rat fetuses and
changes in imprinted gene expression in the rat embryo-
fetal axis' . Tt has recently been shown that 7 vitro cul-
ture conditions, as found in assisted reproduction tech-
nology, may affect global patterns of DNA methylation
and gene expression. Gametes or early embryos from
couples undergoing treatment for infertility may there-
fore display epigenetic modifications. An association was
indeed observed between 7 vitro conception and changes
in DNA methylation, potentially affecting the long-term
pattern of expression of genes involved in chronic meta-
bolic disorders, such as obesity and T2D™, Thus, identi-
fying the specific features and functions of the epigenetic
build-up at these stages and determining the mechanisms
by which environmental factors may affect them in the
long term will be a major milestone in the domain of
DOHaD investigation[éq’m].

Post-translational histone modifications have been
implicated in the complex changes in gene expression
driving early mammalian development. Optimization of
the chromatin immunoprecipitation technique enables
analysis of histone modifications in mouse embryos in
culture, from the 8-cells stage to blastocysts. An increase
in H4ac and H3K4me in the promoters of Hoxb1 and
Hoxb9 was observed after the exposure of embryos to
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the HDAC inhibitor valproic acid. These changes are
heritable, even after removal of the inhibitor, at least until
the blastocyst stage. These findings illustrate the way in
which an environmental signal can generate an inherited
epigenetic modification during early development with

potential long-term consequences'™’.

Ontogeny of chromatin remodeling: An ongoing process
Recent epigenomic profiling and functional studies
have provided insights into the dynamics and regulatory
complexity of the transcriptional repression mediated
by histone-modifying enzymes and other chromatin-
associated proteins. These machineries clearly function
in a sequential manner. Furthermore, the repressed chro-
matin state is dynamic rather than static and reflects the
balance between antagonistic enzyme activities"'. A full
understanding of the role of chromatin in transcriptional
regulation will require knowledge of the relative levels of
antagonistic histone modifications and their spatial distri-
butions with respect to transcription factor binding sites
and RNA polIIm.

Pinney ¢z a/™ studied epigenetic events at the pro-
moter of the gene encoding Pdx1, a critical transcription
factor for [ cell function and development, the expres-
sion of which is reduced in intrauterine growth retarda-
tion (IUGR), promoting the development of diabetes
in adulthood. They demonstrated that IUGR induces a
self-propagating epigenetic cycle, in which the mSin3A/
HDAC complex is first recruited to the Pdx1 promoter at
the fetal stage, leading to histone deacetylation and a loss
of binding of major transcription factors to the Pdx1
promoter, resulting in transcriptional repression. In the
postnatal period, as histone deacetylation progresses, ac-
tive H3K4me3 levels decrease and repressive H3K9me2
accumulates. This epigenetic process is still reversible at
this stage, which may be an important developmental
window for therapeutic approaches. H3K9me2 accumu-
lation promotes the recruitment of DNMT3A, initiating
de novo DNA methylation and locking pdx7 in a silent
state in the pancreas of adults born with IUGR.

Similarly, Raychaudhuri ¢z 2/ focused on the se-
quence of epigenetic mechanisms responsible for the
weak expression of Glut4 in the skeletal muscle of sub-
jects with TUGR™, Different DNMTs bound the Glut4
promoter at different ages: DNMT1 bound postnatally,
whereas DNMT3a and 3b bound in adults. DNA meth-
ylation was unaffected in subjects with IUGR, but they
displayed greater binding of DNMTs to the Glut4 pro-
moter, resulting in higher levels of methyl CpG-binding
protein (MeCP2). H3K14 deacetylation mediated by
HDACT recruitment and enhanced HDAC4 binding were
observed. This set the stage for Suv39H1 methylase-
mediated dimethylation of H3K9 and an increase in the
recruitment of heterochromatin protein 1, which partially
inactivates postnatal and adult Glut4 gene transcription
in subjects with IUGR. This study demonstrated that
perinatal nutrient restriction resulting in IUGR leads to
histone modifications in skeletal muscle that directly de-
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crease Glut4 gene expression. This effectively creates a
metabolic knockdown of this important regulator of pe-
ripheral glucose transport and insulin resistance, thereby
contributing to the adult T2D phenotype.

Finally, two groups recently demonstrated that mice
with disrupted H3K9 demethylase Jhdm2a gene develop
adult-onset obesity, hypertriglyceridemia, hypercholester-
olemia, hyperinsulinemia and hyperleptinemia, hallmarks
of metabolic syndrome. Thus, this H3K9 demethylase
is a crucial regulator of genes involved in energy expen-
diture and fat storagemjs]. The disruption of epigenetic
components may therefore play a key role in the progres-
sion of obesity and metabolic syndrome.

Thus, histone modifications can be stably inherited
while giving rise to additional alterations, and the epi-
genetic landscapes established under the influence of
an environmental factor at a given stage, in a specific
chromatin context, may evolve with time. The epigenetic
landscapes observed subsequently may therefore not fully
reflect the mechanisms initially involved.

Physiological “hyperglycemic metabolic memory” is
based on epigenetic modifications
Diabetic patients continue to develop inflammation and
vascular complications, even when glycemia is controlled.
This poorly understood metabolic memory phenomenon
poses major challenges for diabetes treatment. Recent
studies have highlighted the persistent and dramatic ef-
fects of short-term hyperglycemic spikes on vascular
cells in animal models and humans. They have demon-
strated a link between epigenetic changes (H3K9me and
H3K4me) and the expression of transcription factors,
such as NFkB, involved in modulating inflammatory
gene expressionmm. Brasacchio ez al”” reported that hy-
perglycemia induced dynamic cooperativity between his-
tone methylase and demethylases, associated with gene-
activating epigenetic marks on the H3 lysine tail. Thus,
an increase in NFkB gene expression is associated with
the persistence of epigenetic marks after the removal of
a cell from its hyperglycemic environment, providing evi-
dence that epigenetic modifications contribute to changes
in gene expression, potentially forming the basis of a
physiological “hyperglycemic memory”.
Malprogramming other than that associated with early
nutrition is beyond the scope of this review. The long-
term outcomes of epigenetics alterations in malprogram-
ming to other later-onset diseases or to short-term out-
comes of epigenetic changes are progressively declined.
However the similitude of the mechanisms involved,
whatever the environmental factor (i.e. circadian, nutri-
tional, hormonal or exercise-induced changes) is striking

and should help complete our understanding of the pic-
[55,70,79-84]
ture .

SEXUAL DIMORPHISM OF GENE
EXPRESSION AND EPIGENETICS

The vast majority of common diseases, including athero-
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sclerosis, diabetes, osteoporosis, asthma, neuropsycho-
logical and autoimmune diseases which often take root in
early development, display sex bias. Moreover, the risk of
developing complex disease in offspring often depends
on the sex of the affected parent. The relevance of
epigenetic mechanisms underlying the physiological dif-
ferences between sexes, particularly in drug metabolism,
fits well into the epigenetic theory of complex disease
(reviewed in™).

This bias could be explained by the role of sex chro-
mosomes, the different regulatory pathways underlying
sexual development of most organs and finally, lifelong
fluctuating impact of sex hormones. Many tissues exhibit
sexual dimorphism for a substantial proportion of the
genes that they expressm’sm. In fact, sex-specific expres-
sion appears to be under the control of sex-specific
epigenetic marks. Environmental factors such as social
behavior, nutrition or chemical compounds can influence,
in a sex-related manner, these flexible epigenetic marks
during particular temporal windows of life. For example,
modifications of histone H3 are sexually dimorphic in
the developing mouse brain and patterns of acetylation,
but not methylation, are masculinized in females by tes-
tosterone in utero”’. There are many examples of sex
differences in the effects of prenatal and early postnatal
life exposures on the risks of subsequent metabolic dys-
function .

It’s not all hormones: Roles of sex chromosomes

Sexual dimorphism has been explained traditionally by
the regulatory pathways that underlie sexual development
of the gonads, brain and other organs, and the impact of
lifelong fluctuations in the circulating level of sex hor-
mones. Mammalian sexual differentiation was assumed
to be initiated by the presence or absence of the testis-
determining factor SRY, encoded on the Y chromosome,
in a very narrow spatiotemporal window restricted to the
Sertoli cells between 6 and 7 wk of gestation. However,
recent findings propose that sexual dimorphism pre-
cedes gonadal development. Recently, it was found that
the sexual dimorphism between male and female cells
in their response to chemical exposure to either ethanol
or camptothecin apparently occurred at fetal stages that
preceded the production of sex hormones and, accord-
ingly, could be directly attributed to a sex chromosome
effect™, Sex-determining genes on sex-chromosomes
can influence not only the development of non-gonadal
secondary sexual organs but also of organs outside of
the reproductive system, such as brain. Indeed, at the
level of the whole body, the sex-chromosomes are crucial
for establishment of sex-dimorphism of cellular func-
tions . All male cells possess a single X chromosome of
maternal origin and a Y chromosome of paternal origin.
Female cells consist of two populations, both of which
possess two X chromosomes: one population with inac-
tive maternally inherited X and the second population
with inactive paternally inherited X. As a consequence of
this random female mosaicism, it is possible that certain
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traits, such as cognitive traits, show a greater degree of
o 9
variability amongst females than amongst males””.

Extent of global sexual dimorphism

A substantial proportion of dimorphic gene expression
might be under the control of sex-specific epigenetic
marks. The regulatory pathways underlying sexual differ-
entiation clearly result in extensive differences in gene ex-
pression in adults. The genetic and transcriptional mecha-
nisms regulating differences between the sexes have
intensively been investigated in the liver but dimorphic
gene expression have also been reported in mouse kid-
ney, blastocysts, lacrimal gland, placenta and brain”*"",
and more global differences'” ™. A recent microarray
analysis of 23574 transcripts by Yang ez al™ revealed the
extent of sexual dimorphism in gene expression to be
much greater than previously recognized. The degree of
sexual dimorphism ranged from 14% of active genes in
the brain to 70% in the liver. These genes displayed high-
ly tissue-specific patterns of expression, correlated with
high levels of activity of distinct pathways. Differences
in expression level of a factor of less than 1.2 between
tissues were observed for 70% of the sexually dimorphic
genes. Interestingly, these genes displayed evidence of
clustering, not only on the sex chromosomes, but also on
several autosomes.

Sexual dimorphism of gene expression in the liver

Gene expression in somatic cells and tissues can be influ-
enced by external factors, such as the extracellular hor-
monal milieu. A good example of hormonal regulation is
the effect of growth hormone (GH) on gene expression
in the liver, which leads to sex-differences in many meta-
bolic processes, such as steroid and fatty acid metabolism,
cholesterol homeostasis and drug metabolism""". Impor-
tant sex differences also characterize responses to various
hepatic stresses in both rodent models and humans. For
example, alcohol-induced liver fibrosis is more preva-
lent in women than in men, whereas sepsis and hepatitis
virus-induced liver fibrosis, hepatic ischemia/repetfusion
injury and hepatocellular carcinoma are more prevalent
in men than in women; and these sex differences atre at
least in part due to hormonal factors ™", Support for
the involvement of chromatin features in the regulation
of genes showing sex differences in liver comes from
the discovery of short genomic regions that show sex-
dependent and GH-regulated differences in chromatin
accessibility (“hypersensitivity sites”) in liver tissue, as
probed using the enzyme DNase 1. Thus, increased hy-
persensitivity to DNase I cleavage in the male liver tissue
compared to that of female liver tissue is seen in the pro-
moter regions of two male-specific genes, Ca/Sip, sex-
limited protein, and Cype, which catalyzes testosterone
hydroxylation""""”. DNase hypersensitive chromosomal
regions, such as these, have increased access to transcrip-
tion factors and other DN A-binding proteins, and include
promoters, enhancers, silencers and insulators. These
findings of sex differences in DNase hypersensitivity are
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indicative of a sex-specific liver chromatin organization,
which is presumably established and/or maintained by
the sexually dimorphic patterns of pituitary GH secretion
that emerge at puberty, and through their downstream
signaling, which leads directly to the sex-dependent pat-
terns of nuclear STATS5b activity!' ™',

Sexual dimorphism of placenta

The placenta has long been considered to be an asexual
organ, with most placental studies consistently pooling
data for male and female placentae into a single group[%].
However, predisposition to metabolic disease differs
between the sexes, with women more likely to develop
obesity and men cardiovascular disease. This sexual di-
morphism may already exist during development. Indeed,
there is mounting evidence to suggest that the sex of
the embryo, through the embryo-derived tissues of the
placenta, plays a significant role in determining fetal size,
nutrition, morbidity and survival®'"™. Only a handful of
studies have reported differences between the sexes, in
terms of the expression of individual genes or pathways
in male and female human and rodent placentae. These
studies also addressed the impact of differences in the
quality of the maternal diet on placental gene expression,
with a systematic investigation of the relationship between
diet and the expression of sexually dimorphic genes, pro-
viding insight into the different sensitivities of male and
female fetuses to what the mother eats”*'"""*>'*,

We have data showing that gene expression and DNA
methylation are sexually dimorphic in male and female
placentae under control conditions. Surprisingly, in stress-
ful conditions, say at high fat or low calorie diet, or ma-
ternal overweight/obesity, the placentae from male and
female fetuses do not use the same gene pathways and
networks to cope with the stress. Does that lead to differ-
ent outcomes? Maybe this leads to sex-dependent differ-
ences in the outcome of programming with long lasting
effects. Alternatively, males may “climb the mountain”
taking the north face while females take the south face
but they ultimately reach the same peak after using differ-
ent paths.

CONCLUSION

The DOHaD science is still accumulating proof of evi-
dence of fetal programming: a developmental insult (diet,
drugs, lifestyle, social interventions, ez.) leading to long-
term consequences (metabolic syndrome, psychiatric
diseases, efz.). A new field is emerging, aiming to identify
epigenetic targets to improve our understanding of the
ontology of chronic diseases in response to environmen-
tal factors. Experiments in this area must be carefully
designed.

How should such studies be carried out? Investiga-
tions should first be carried out in appropriate animal
models exposed to specific environmental factors during

critical developmental windows. Many analytical proce-
dures are available; each with its own biases and limita-
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tions and the choice depends on the question posed.
We may need genome-wide or gene-specific approaches
targeting regulatory regions (promoters, enhancers, gene
body or elsewhere) and assessing functional signiﬁcance[()].
New high-throughput tools are becoming available and
may soon be applied more widely as DNA sequencing
costs drop, to studies of the epigenomic changes associ-
ated with developmental shifts, environmental changes,
and disease states' ">

Where should we look for epigenomic effects? Each
environmental factor may target specific cell types, lead-
ing to a unique, specific epigenome identifiable only in
the appropriate tissue!* which will often contain mixed
cell populations. However, the appropriate tissues are
generally not available for study in humans. Fortunately,
recent data suggest that the traces left by specific envi-
ronmental factors can be visualized in leukocytes, at least
for dietary factors”". However, the question remains as to
whether surrogate tissues obtained by minimally invasive
procedures, such as the placenta or cord blood, truly re-
flect early programming 7 utero, cataloguing intrauterine
environmental events, or whether adult tissues and cells,
such as lymphocytes, monocytes or buccal smears, reflect
the lifelong metabolic memory ",

When should epigenetic effects be studied? Circadian
and seasonal rhythms are important components. Sam-
pling at the right time may unmask pertinent marks im-
portant for determining both the nature of the challenge
and the extent of the effect!™,

What are we actually studying? Are the marks ob-
served the cause or just a consequence? It would be very
interesting to carry out studies at several time points, to
unravel the sequence of epigenetic events and to distin-
guish between causal changes and the resulting epigenetic
landscape.

Who should be studied? It should be borne in mind
that men and women have different programming trajec-
tories'*”. Different recent studies show an obvious sexual
dimorphism in response to the same environmental in-
sult.

Why not? The inherent reversibility of epigenetic
marks is promising for treatment approaches. However,
one major potential problem is that epigenetic processes
associated with the disturbance of programming by carly
environmental events may disappear during differentia-
tion, may be leaky, leading to irreparable changes in the
number of nephrons, 3 cells of the pancreas, or changes
in the function of target tissues, or may remain dormant
until the appropriate environmental stimulus comes along
to activate them'”’.

All epigenetic changes are, in theory, flexible, but
can interventions really modify them? Without side ef-
fects™? A growing number of studies have demon-
strated the potential reversibility or compensation of
misprogramming with appropriate nutrients or epigenetic
dru S[52,129—132]'

This should make it possible to identify the specific
epigenetic marks induced by specific environmental fac-
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tors and to study their changes during the individual’s life
and potential reversibility, using appropriate epigenetic
tools.
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practical values and determine whether it should be published or
not. During peer review, editorial board members can also obtain
cutting-edge information in that field at first hand. As leaders in
their field, they have priority to be invited to write articles and
publish commentary articles. We will put peer reviewers’ names
and affiliations along with the article they reviewed in the journal to
acknowledge their contribution; (2) Maximization of the benefits
of authors: Since WJD is an open-access journal, readers around
the world can immediately download and read, free of charge, high-
quality, peer-reviewed articles from W]D official website, thereby
realizing the goals and significance of the communication between
authors and peers as well as public reading; (3) Maximization of
the benefits of readers: Readers can read or use, free of charge,
high-quality peer-reviewed articles without any limits, and cite
the arguments, viewpoints, concepts, theories, methods, results,
conclusion or facts and data of pertinent literature so as to validate
the innovativeness, scientific and practical values of their own
research achievements, thus ensuring that their articles have novel
arguments or viewpoints, solid evidence and correct conclusion;
and (4) Maximization of the benefits of employees: It is an
iron law that a first-class journal is unable to exist without first-
class editors, and only first-class editors can create a first-class
academic journal. We insist on strengthening our team cultivation
and construction so that every employee, in an open, fair and
transparent environment, could contribute their wisdom to edit
and publish high-quality articles, thereby realizing the maximization
of the personal benefits of editorial board members, authors and
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readers, and yielding the greatest social and economic benefits.

Aims and scope

The major task of WD is to report rapidly the most recent results
in basic and clinical research on diabetes including: metabolic syn-
drome, functions of a, B, & and PP cells of the pancreatic islets,
effect of insulin and insulin resistance, pancreatic islet transplanta-
tion, adipose cells and obesity, clinical trials, clinical diagnosis and
treatment, rehabilitation, nursing and prevention. This covers epi-
demiology, etiology, immunology, pathology, genetics, genomics,
proteomics, pharmacology, pharmacokinetics, pharmacogenetics,
diagnosis and therapeutics. Reports on new techniques for treating
diabetes are also welcome.

Columns

The columns in the issues of WJD will include: (1) Editorial: To
introduce and comment on major advances and developments
in the field; (2) Frontier: To review representative achievements,
comment on the state of current research, and propose directions
for future research; (3) Topic Highlight: This column consists of
three formats, including (A) 10 invited review articles on a hot
topic, (B) a commentary on common issues of this hot topic, and
(C) a commentary on the 10 individual articles; (4) Observation:
To update the development of old and new questions, highlight
unsolved problems, and provide strategies on how to solve the
questions; (5) Guidelines for Basic Research: To provide guidelines
for basic research; (6) Guidelines for Clinical Practice: To provide
guidelines for clinical diagnosis and treatment; (7) Review: To
review systemically progress and unresolved problems in the field,
comment on the state of current research, and make suggestions
for future work; (8) Original Article: To report innovative and
original findings in diabetes; (9) Brief Article: To briefly report
the novel and innovative findings in diabetes research; (10) Case
Report: To report a rare or typical case; (11) Letters to the Editor:
To discuss and make reply to the contributions published in W]D,
or to introduce and comment on a controversial issue of general
interest; (12) Book Reviews: To introduce and comment on quality
monographs of diabetes mellitus; and (13) Guidelines: To introduce
consensuses and guidelines reached by international and national
academic authorities worldwide on basic research and clinical
practice in diabetes mellitus.

Name of journal
World Journal of Diabetes

ISSN
ISSN 1948-9358 (online)

Indexing/abstracting
PubMed Central, PubMed, Digital Object Identifer, and Directory
of Open Access Journals.

Published by
Baishideng Publishing Group Co., Limited
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All articles published in this journal represent the viewpoints of the
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authors except where indicated otherwise.

Biostatistical editing

Statisital review is performed after peer review. We invite an expert
in Biomedical Statistics from to evaluate the statistical method used
in the paper, including #test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or
stepwise), correlation, analysis of variance, analysis of covariance,
efe. The reviewing points include: (1) Statistical methods should be
described when they are used to verify the results; (2) Whether the
statistical techniques are suitable or correct; (3) Only homogeneous
data can be averaged. Standard deviations are preferred to standard
errors. Give the number of observations and subjects (7). Losses
in observations, such as drop-outs from the study should be re-
ported; (4) Values such as ED50, LD50, IC50 should have their
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

In the interests of transparency and to help reviewersassess any
potential bias, IWJD requires authors of all papers to declare any
competing commercial, personal, political, intellectual, or religious
interests in relation to the submitted work. Referees are also asked
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
[names of organizations], and has received research funding from
[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 cleatly 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. Authots 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 Wotld 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)
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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.wijgnet.com/1948-93580ffice. Authors are
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://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 wid@wijgnet.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.
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Institution: Author names should be given first, then the complete
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 JE 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 W]D, 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 »s 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
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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.wignet.
com/1948-9358/¢_info_20100107165233.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ez., 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.wijgnet.com/1007-9327/13/4986.pdf; http://www.
wijgnet.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: s Dr s Er L el
G: ...efe. 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, ¢#., 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. *P <
0.05,"P < 0.01 should be noted (P > 0.05 should not be noted). If
there are other series of P values, ‘P < 0.05 and “P < 0.01 are used.
A third series of P values can be expressed as “P < 0.05 and P<0.01.
Other notes in tables or under illustrations should be expressed as
1F, °E °F; 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 @, o, m, O, A, /\, ¢#., in a certain
sequence.

Acknowledgments

Brief acknowledgments of persons who have made genuine con-
tributions to the manuscript and who endorse the data and conclu-
sions should be included. Authors are responsible for obtaining
written permission to use any copyrighted text and/or illustrations.
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Coding system

The author should number the references in Arabic numerals
according to the citation order in the text. Put reference numbers
in square brackets in superscript at the end of citation content or
after the cited authot’s name. For citation content which is part of
the narration, the coding number and square brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
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with increased intestinal permeability“‘zl”. If references are cited

directly in the text, they should be put together within the text, for
< [19,22-24] IT)

example, “From references , 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.crosstef.
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 jonrnal article (list all anthors and include the PNID 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 |
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Chinese journal article (list all anthors and include the PMID where
applicable)

2 Lin GZ, Wang X7, Wang P, Lin |, 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
2000; 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
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Both personal authors and an organigation as anthor

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. | Uro/
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bm;.325.7357.184]
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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: §93-99 [PMID: 12028325 DOI1:10.1046/
j.1526-4610.42.52.7 x]

Lssue 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. HRS.A
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(s)

10 Shetlock 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 anthors)

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 7 test as 7 (in italics), I test as I (in italics), chi square test as
y’ (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as # (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, ¢ (glucose) 6.4 £ 2.1 mmol/L;
blood CEA mass concentration, p (CEA) = 8.6 24.5 ug/L; CO,
volume fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L
formaldehyde, not 10% formalin; and mass fraction, 8 ng/g, et.
Arabic numerals such as 23, 243, 641 should be read 23243 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.
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Abbreviations

Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbteviated
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,
CSE, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly
without further explanation.

Italics

Quantities: 7 time or temperature, ¢ concentration, .4 area, /length,
m mass, 1 volume.

Genotypes: gyrA, arg 1, ¢ mye, ¢ fos, ete.

Restriction enzymes: EcoRI, Hindl, BanHI, Kbo 1, Kpn 1, ete.
Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/1948-9358/¢_info_20100316
080002.htm

Frontier: http://www.wjgnet.com/1948-9358/¢_info_20100316
091946.htm

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

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

Guidelines for basic research: http://wwwwijgnet.com/1948-9358/
¢ info_20100316092358.htm

Guidelines for clinical practice: http://www.wjgnet.com/1948-
9358/¢_info_20100316092508.htm

Review: http://www.wjgnet.com/1948-9358/¢_info_2010
0107142809.htm

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

Brief articles: http://www.wjgnet.com/1948-9358/¢_info_2010
0316093137.htm

Case report: http://www.wjgnet.com/1948-9358 /¢ _info_2010010
7143856.htm

Letters to the editor: http://www.wignet.com/1948-9358/
g info_20100107144156.htm

Book reviews: http://www.wignet.com/1948-9358/¢_info_2010
0316093525.htm

Guidelines: http://www.wjgnet.com/1948-9358/¢_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,
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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.wignet.com

Telephone: +86-10-8538-1892

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/¢_info_20100107144846.htm.

Responses to reviewers

Please tevise 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/¢_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

WD will be initiating a platform to promote dynamic interactions
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