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Abstract

Nutritional insufficiency during pregnancy has been
shown to alter the metabolism of the offspring and can
increase the risk of type 2 diabetes. The phenotype in
the offspring involves changes to the morphology and
functional capacity of the endocrine pancreas, and in
the supporting islet microvasculature. Pancreatic B-cells
possess a plastic potential and can partially recover
from catastrophic loss. This is partly due to the exis-
tence of progenitors within the islets and the ability to
generate new islets by neogenesis from the pancreatic
ducts. This regenerative capacity is induced by bone
marrow-derived stem cells, including endothelial cell
progenitors and is associated with increased angio-
genesis within the islets. Nutritional insults in early life,
such as feeding a low protein diet to the mother, impair
the regenerative capacity of the p-cells. The mecha-
nisms underlying this include a reduced ability of B-cells
to differentiate from the progenitor population, changes
in the inductive signals from the microvasculature and
an altered presence of endothelial progenitors. Statin
treatment within animal models was associated with
angiogenesis in the islet microvasculature, improved
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vascular function and an increase in p-cell mass. This
demonstrates that reversal of the impaired B-cell phe-
notype observed following nutritional insult in early life
is potentially possible.

© 2011 Baishideng. All rights reserved.

Key words: Islet; p-cell; Plasticity; Diabetes; Nutrition;
Statin
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INTRODUCTION

Epidemiological studies have demonstrated that dietary
restriction during pregnancy results in a reduced birth
weightm, leading to permanent changes in organ develop-
ment, including the endocrine pancreas[ZJ and contribut-
ing to an adult predisposition to several chronic disease
conditions, including type 2 diabetes and cardiovascular
disease. Using an established model of dietary protein
restriction during pregnancy and lactation, it has been
extensively reported that dietary insufficiency in eatly life
alters normal pancreatic development, which ultimately
contributes to impaired glucose homeostasis in adult-
hood” ™. A low protein (LP) diet given to rats during
pregnancy results in reduced B-cell mass (islet size) due
to altered cell cycle kinetics and a lower proliferation rate
but a greater incidence of apoptosis. The endocrine pan-
creas demonstrates impaired glucose-stimulated insulin
release and greater cytokine-induced cell death. Offspring
of LP-fed dams are glucose intolerant by 130 d of age.
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However, the nutritional insult early in life not only
changes the B-cell phenotype but also has a profound
effect on the micro-vasculature of the pancreas. Intra-
islet vascular volume and endothelial cell vascular endo-
thelial growth factor (VEGF) receptor abundance were
reduced in LP-fed offspring and both were reversed by
supplementation of the LP diet with taurine, an amino
acid which normally is present at high concentrations
within islets but which is depleted in animals exposed to
a LP diet”. Islet vasculature is also diminished in other
models of intrauterine growth retardation such as uterine
artery ligation of the mother™ and in that study, it was
reversible by administration of the glucagon-like poly-
peptide-1 analog, exendin 4, to the offspring, presumably
by increasing [-cell-derived VEGF which promoted lo-
cal angiogenesis. We recently applied the LP diet model
to the mouse and found that the (3-cell regeneration that
normally occurs in juveniles following depletion of 3-cell
mass with streptozotocin (STZ) treatment was prevented
if the offspring had been previously exposed to a LP
diet”. Tt is therefore possible that the phenotypic changes
seen in the endocrine pancreas as a result of nutritional
insult in early life may represent impaired mechanisms of
[-cell plasticity and that these relate to deficiencies in islet
vasculogenesis. This review explores the capacity for 3-cell
plasticity, the relationship to the islet microvasculature
and how such deficiencies might be reversed to prevent
the risk of future diabetes.

DEVELOPMENT OF PANCREATIC B-CELLS

Both islet endocrine cells and acinar tissue develop from

pancreatic ductal epithelium during fetal and neonatal
development in the rat and human fetus' """, The initial
development of both lineages depends on the expression
of key transcription factors such as Pdx1 and Ptfl within
the ductal cells"”. Pdx1 is also required in the mature f3-cell
where it trans-activates the insulin and GLUT2 gene
promoters. Other transcription factors, including neuro-
genin-3 (Ngn3), B2/NeuroD, Pax-4 and -6, and Nkx2.2,
are necessary to complete the differentiation of individual
endoctine cell ]jneagesm. Pancreatic ductal cells or multi-
potential stem cells can be manipulated 7 vitro to yield
islet-like structures with multiple endocrine cell typesmﬁ].
The number of these structures can be potentiated by in-
troducing extracellular matrix (ECM)“(’]
binations of growth factors such as activin, exendin-4,
hepatocyte growth factor (HGF) " fibroblast growth fac-
tor-1 or leukemia inhibitory factor"”. Regardless, the yield
of new [-cells is generally low, most likely because the

, Or specific com-

optimal environment for [3-cell generation requires other

supporting cell types.

EVIDENCE OF ENDOGENOUS (-CELL
REGENERATION

Plasticity in (3-cell mass is a physiological response and is

seen during pregnancy“o’zm and with obesity[zﬂ. A delicate
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balance of proliferation and apoptotic loss maintains
[-cell mass zn vivo. The human fetus and neonatal rodent
undergo significant remodeling of their endocrine pan-
creas involving B-cell proliferation, neogenesis and apop-
. In humans there is histological evidence of [3-cell
neogenesis and a regenerative response in children and
adolescents with type 1 diabetes™". Recently, prolifera-
tion of remaining B-cells was shown in deceased patients
with new onset type 1 diabetes but not in those with
long-standing disease or type 2 diabetes™.

The origins of new B-cells in animal models of re-
generation are various. Partial pancreatectomy induced
the expansion of both endocrine and exocrine pancreatic

2021 while injection of STZ into young rodents was
shown to induce islet neogenesis from the ducts, similar
to that occurring in embryogenesisps]. Pancreatic duc-
tal ligation has been shown to stimulate a doubling of
fB-cell mass in adult rats”™ by both islet neogenesis and
hypertrophy of existing B—cellsm]. Surviving [3-cells have
been shown to spontaneously proliferate after cessation
of their selective doxycycline-induced apoptosis by diph-
theria toxin"", supporting the concept that during regen-
eration -cells are released from a tight control of cell
replication. However, hormone-negative cells expressing
Thyl.1 and CD133 have been identified in adult rat pan-
creatic ducts that subsequently expressed Pdx1 and both
insulin and glucagonm]. Similar duel insulin and glucagon-

expressing cells have been identified in neonatal rat islets
[33]

tosis

mass

during B-cell regeneration following STZ treatment
and could represent resident endocrine cell progenitors.
Seaberg ¢f a/™" showed that multi-potential pancreatic
stem cells existed within mouse islets and pancreatic
ducts but were extremely rare. Conversely, Dor ¢ 2/ and
Nir ez ™ showed that following partial pancreatectomy,
repopulation of f-cells within mouse islets occurred
solely by replication of existing 3-cells. A number of re-
ports now show this conclusion to be misinterpreted.

Liu et a/’" used the same mouse model as Dot ef al”,
where B-cells were lineage-tagged with human placental
alkaline phosphatase (HPAP) to show that [3-cell pro-
genitors existed within the islets with little or no insulin
expression and that these proliferated following 3-cell
depletion with STZ. Such cells were in the periphery of
the islets and expressed the transcription factor MafB,
a marker of immature (-cells. Similarly, Szabat ez al™
identified cells in mouse islets that were Pdx1-positive
but insulin-negative, and which co-expressed MafB and
Nkx2.2. These could mature into insulin-expressing 3-cells
in vitro that expressed MafA and Glut2, or could remain as
progenitors. Finally, Thorel e al® showed that after neat-
total induced B-cell loss, new f3-cells could be generated
by trans-differentiation from q-cells. We have utilized the
transgenic mouse model of Melton™, in which approxi-
mately 30%-40% of B-cells and their subsequent progeny
are genetically tagged with HPAP, to show that neonatal
islets can be de-differentiated to a progenitor cell popula-
tion 7 vitro and subsequently re-differentiated into pseu-
do-islet structures that express many of the transcription
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factor signatures of functional B—cellsm]. HPAP-tagged
f-cells contribute both to the de-differentiated and re-dif-
ferentiated cell populations. In summary, in postnatal life
[-cell regeneration seems to predominantly occur within
existing islets but may proceed both from a differentiation
of resident progenitors and by the proliferation of mature
[-cells. Additionally, substantial plasticity exists within ex-
isting B-cells, at least 7z vitro, to de-differentiate to a more
primitive progenitor phenotype and subsequently to re-
differentiate back into endoctine cells.

CONTRIBUTION OF THE
MICROVASCULATURE TO B-CELL
REGENERATION

Pancreatic islet vascular endothelium can induce (-cell

growth, differentiation and function through the actions
of paracrine growth factors and through integrin signals
across the shared basement membrane'"*”. Paractine ac-
tions within the islet allow a synthesis of VEGF from the
[-cells which contributes to endothelial cell proliferation,
while a reciprocal production of HGF by the endothelial
cells promotes (3-cell growth[43]. We found that administra-
tion of STZ in the young rat not only caused a loss of
[-cells, but an associated decrease in islet vasculature and
that recovery of B-cell mass only occurred subsequent to
recovery of the microvasculature™. However, the B-cell
regenerative environment is likely to include not only vas-
cular endothelium, but also the endothelial precursor cells
(EPC)™, mesenchymal stromal cells and bone marrow-
derived hematopoietic lineage stem cells. Understanding
how these components contribute to the regenerative en-
vironment and their communication with 3-cells or their
progenitors is key to understanding the control of B-cell
regeneration.

BONE MARROW STEM CELLS AND
-CELL REGENERATION

Transplantation of bone marrow progenitor cells was

shown by us and others to cause a reversal of hyperglyce-
mia in animal models of diabetes and in newly diagnosed
individuals with type 1 diabetes™ . The ability of such
cells to selectively home to damaged tissues has been
variously linked to their expression of L-selectin®™] B2-
integrinsm and stromal cell-derived factor-1". In some
studies, a direct trans-differentiation of bone marrow-
derived stem cells into insulin-positive 3-cells was dem-
onstrated, either 7z vivo or following in vitro lineage manip-

B3 but the direct contribution of bone marrow

ulation
stem cells to new B-cells has generally been found to be
low and inconsistent with the resulting increase in insulin
secretion and/or normalization of blood glucose[%’%’sg].
However, following bone marrow stem cell transfer, islet
H0%1  accompanied by an in-

crease in endogenous B-cells by replication or neogenesis

neovascularization was seen
. . [46,56] .
of new islets from the pancreatic ducts . There is
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debate as to which bone marrow-derived cells ‘induce’
[B-cell regeneration. Yoder e# al® concluded that bone
marrow contained both pro-angiogenic hematopoietic
progenitors of myeloid/monocyte lineage and true EPC
that were not of hematopoietic lineage. Pro-angiogenic
hematopoietic progenitors were hypothesized to function
as paracrine supportive cells that induced vasculogenesis
and tissue regeneration but the majority did not form
functional endothelial cells. In the context of B-cell re-
generation, these cells would be synergistic to the direct
interactions known to occur between vascular endothe-
lium and B-cells. In most papers, pro-angiogenic hema-
topoietic progenitors and true EPC are not distinguished
between and are collectively described as EPC.

An alternate mechanism whereby hematopoietic
lineage stem cell progeny could contribute to 3-cell repli-
cation is by the generation of macrophages. In the mac-
rophage-deficient colony stimulating factor 1 knock-out
mouse (0p/op), animals develop osteopetrosis as adults
but young animals demonstrated abnormal islet mox-
phogenesis, a much reduced -cell mass and deficiencies
in B-cell replicationl()”. Islet neogenesis at the pancreatic
ducts was enhanced, suggesting that islets could form
but the B-cell population could not expand appropriately.
There is also evidence that macrophages have a key role
in islet angiogenesis through the expression of matrix
metaﬂoproteinase—9[621.

Most studies on the contribution of bone marrow-
derived stem cells to B-cell survival or regeneration have
transplanted cells with a genetic tag, such as green fluo-
rescent protein, into irradiated recipient animals made
diabetic with STZ or into diabetes-prone animals such
as the NOD mouse®™. As little as 1% allogeneic chi-
merism of repopulated marrow was able to reverse dia-
betes in the latter. However, in human pancreata from
individuals who had previously received hematopoietic
stem cell transplants from the opposite gender, there
was no evidence of colonization within the islets'””. The
mobilization of bone marrow stem cells to colonize the
pancreas appears to be linked to the presence of pan-
creatic tissue damage in either the endocrine or exocrine
compartments'”. Tt cannot be assumed that the bone
marrow-derived cells will be of equivalent lineage pheno-
type when they colonize the pancreas »s their subsequent
ability to induce B-cell renewal. The entire environment
of the pancreas following B-cell loss, including bone
marrow-detived cells, the remodeled ECM and the cyto-
kine/growth factor milieu, is likely to represent the com-
bined elements necessary to optimize [3-cell regeneration.

We utilized mice expressing Cre recombinase under
control of the Vav promoter, which were crossed with
ROSA26 yellow fluorescent protein (YFP) transgenic
mice, such that hematopoietic lineage cells and their prog-
eny could be tracked”. The Vav gene is ubiquitously but
specifically expressed by all hematopoietic lineage cells
where it functions as a signal transduction molecule and it
remains active on differentiated cell progeny including T
cells, B cells and macrophages®”. YFP-tagged cells were
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located within the pancreas at all ages, lining the ductal
epithelium and around and within the islets. Following
STZ treatment, the presence of these cells was signifi-
cantly increased, temporally corresponding with a recov-
ery of B-cell mass. No co-localization of insulin or other
pancreatic endocrine hormones was found in the hemato-
poietic lineage cells but approximately 30% of such cells
co-stained with CD31, a marker of macrophages, EPC
and endothelial cells, which significantly increased after
STZ. A sub-population of hematopoietic lineage cells
around the islets demonstrated the macrophage markers
F4-80 and Mac-1 and some large YFP-positive cells with-
in the islets showed a nuclear presence of Pdx1 and could
be endocrine progenitors. This strongly suggests that en-
dogenous bone-marrow-derived stem cells are involved in
[-cell recovery after induced diabetes.

EVIDENCE THAT EARLY NUTRITIONAL
INSULTS IMPAIR 3-CELL REGENERATION

Exposure to a LP diet during gestation affected pancre-

atic endocrine plasticity postnatally as mice were unable
to recover B-cell mass following exposure to STZY. In
female animals, this was associated with a reduced num-
ber of islets relative to STZ treatment alone but this was
not seen in males. Other studies have also shown that
nutrient deficiency early in life affects tissue plasticity. A
LP diet during gestation significantly impaired recovery
% while
maternal calorie restriction during gestation and lactation
impaired f3-cell replacement after STZ treatment””"".
However, changes in islet morphometry resulting from

of male adult rats following ischemia-reperfusion

prior exposure to dietary insult are not specific to (3-cells,
as the o-cell mass was also increased”. Thus, the change
in islet tissue plasticity is likely to represent a fundamental
change in phenotype in islet cell progenitors that contrib-
ute to multiple cell types. One type of progenitor that has
been characterized in islet cells expresses the transctip-
tion factor Pdx1 but not insulin”. Such cells are rapidly
able to differentiate into insulin-expressing B-cells i vitro
and 7 vivo and may represent a strategic reserve of latent
[-cells that could be mobilized in situations of extreme
metabolic demand. We found that 4%-8% of islet cells
in neonatal mice were Pdx1-positive but insulin-negative
by immune—histochernistrym. Following exposure of mice
to a LP diet during gestation, the offspring showed no
change in the percentage of such cells that were present
within islets. However, after exposure to STZ, the num-
ber of Pdx1-positive/insulin-negative cells was increased,
which may indicate that normal maturational pathways
that allow such cells to differentiate into functional 3-cells
are impaired following dietary insult.

Further evidence that dietary restriction in eatly life
alters (-cell progenitor phenotype comes from manipu-
lation of islets zz vitro. We isolated islets from neonatal
mouse islets previously exposed to a control diet or a LP
diet fed to the mothers during gestation. Islets were de-
differentiated by culture for 4 wk on a type 1 collagen
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Table 1 Changes in relative gene expression assessed by DNA

microarray for monolayer cells cultures

Gene De-differentiate ~ Re-differentiate  Re-differentiate
control diet control diet LP diet
Ins1 -46.1 -0.1 -20.5
Somatostatin -61.2 +2.0 -5.6
Pdx1 -1.7 -0.4 -2.3
Pax6 -23.0 -0.4 -15.7
Ngn3 -2.5 -0.5 -1.5

Values represent fold differences in mRNA expression relative to freshly
isolated neonatal mouse islets (n = 3). Cell cultures were derived from
the de-differentiation of neonatal mouse islets and subsequently re-
differentiated to yield pseudo-islets. Donor animals were exposed to either
control or low protein (LP) diet during gestation.

matrix in the presence of epidermal growth factor to
yield ductal epithelial cell-like monolayersm. The dou-
bling time of cells from LP-fed offspring was significant-
ly prolonged. Cell monolayers were then re-differentiated
to form pseudo-islets over 4 wk by culture on Matrigel
in the presence of insulin-like growth factor-1II IGF-1I)
and fibroblast growth factor-7. Cells derived from LP-fed
mice demonstrated a relative impairment of pseudo-islet
formation and insulin content and release. The relative
gene expression of transcription factors involved in f3-cell
generation from precursors and endocrine hormones was
determined by DNA microarray analysis. De-differentiat-
ed islet cultures showed a reduction in the expression of
Pdx1, Pax6 and Ngn3, and of insulin and somatostatin
mRNAs (Table 1). After pseudo-islets were subsequently
generated, the expression of each of these genes re-
turned to values close to those seen in fresh islets if the
donor animals had been exposed to the control diet.
However, in animals exposed to the LP diet, pseudo-islets
did recover expression of transcription factors, insulin
or somatostatin to a similar extent. These results suggest
that a maternal LP diet alters pancreatic endocrine stem
cell presence and phenotype in the offspring, leading to
reduced islet plasticity in postnatal life, and that this can
be demonstrated 7 vitro.

Maternal malnutrition can also alter the develop-
ment of tissue vasculogenesis in the offspring, which
may also limit $-cell plasticity through a disruption of
endothelium-B-cell signaling, Offspring of pregnant rats
given a LP diet during gestation exhibit a reduction in
capillary density in a variety of tissues, including skeletal
muscle, endometrium, ovaries and pancreatic islets™™ ™,
Endothelial dilatation was similarly impairedm. Within
the pancreas, the number of EPC, characterized as being
nestin and CD34-positive, was significantly reduced in
offspring of LP-fed mothers'® which in other tissues has
been associated with a reduced expression of IGF-1I el

REVERSAL STRATEGIES: ABILITY OF
STATINS TO INCREASE B-CELL MASS

Statins are potent and safe drugs widely used to treat
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familial dyslipidemiam’m and to lower cholesterol levels
in patients with or at risk of cardiovascular disease”.
However, statins also exert pleiotropic actions unrelated
to their cholesterol-lowering effect. These include im-
provements in endothelial cell function such as increased
NO synthesis and anti-oxidant effects™” stabilization and
B2 and inhibition
of inflammatory responses as measured by circulating
C-reactive protein and cytokines. In offspring of rats
given a LP diet during gestation, blood vessel dilation was

reduction of atherosclerotic plaque

impaired but this was corrected by postnatal treatment
with atorvastatin®™. Diabetes is associated with a reduc-
tion in circulating EPC and their abundance in bone mar-
row"™", This is likely be related to the increased presence
of oxidized LDI-cholesterol which has been shown to
decrease EPC migration, differentiation into endothelial
cells and survival®™. Statin treatment increased the mo-
bilization of EPC from bone marrow in a diabetic pig
model™, increased proliferation of EPC in vitrd®" and
delayed diabetes onset in two different mouse models of
T1D, including STZ treatment™. This was independent
of inhibition of HMG-CoA reductase activity™”.

Treatment of neonatal rats with atorvastatin signifi-
cantly increased B-cell mass in both STZ-treated and con-
trol animals and improved glucose tolerance™. Atorvas-
tatin treatment was associated with an increased number
of intra-islet endothelial cells, suggesting that vasculogen-
esis had preceded the increase in B-cell mass. This was
supported by an increase in the proportion of intra-islet
endothelial cells undergoing DNA synthesis and a paral-
lel increase in the proliferation rate of adjacent f-cells.
Hyperglycemia induced apoptosis in isolated human
pancreatic islet endothelial cells but this was prevented by
exposure to statin zia the Akt intra-cellular survival path-
way”". Tt is not clear if the trophic effects of atorvastatin
are exerted directly on the B-cells or if they are mediated
by secondary trophic effects that enhance migration of
bone marrow-derived stem cells into the pancreas and/or
islet vasculogenesis.

What is the potential for using statins to increase
the islet microvasculature and enhance B-cell mass in
humans? In individuals with type 1 diabetes of duration
greater than 10 years, treatment with atorvastatin for 6 mo
in a placebo-controlled study resulted in a significant
improvement in blood vessel flow-mediated dilation and
C-reactive protein, a marker of inflammation'™. Similarly,
in young adults with type 1 diabetes with a mean age
of 34 years and normal blood cholesterol, just 6 wk of
treatment with atorvastatin resulted in improved flow-
mediated dilation and reduced LDL-cholesterol”. Dia-
betic subjects with microalbuminurea similarly benefited
from 6 wk of atorvastatin therapy with a significant de-
crease in apolipoprotein B, LDIL-cholesterol and oxidized
LDL™. Young, normo-cholesterolemic males with type
1 diabetes had endothelial dysfunction assessed by flow-
mediated dilation which improved significantly after only
4 wk of treatment with pravastatin and reached control
patient values”. These beneficial effects of statins on

K

gnizmoﬁng@) WJD | www.wjgnet.com

123

Hill DJ. Nutrition and p-cell plasticity

the vasculature of individuals with diabetes were demon-
strated in the absence of hypercholesterolemia. Recently,
a randomized, placebo-controlled clinical trial tested the
effect of atorvastatin therapy over 18 mo on residual
B-cell function in young adults with new onset type 1
diabetes™. C-peptide levels were measured after a mixed
meal test as an indicator of endogenous insulin release.
This gradually declined with time in both placebo and
atorvastatin-treated subjects but was significantly better
preserved with atorvastatin. This strongly suggests that
statin treatment could help retain or enhance residual
[-cell mass.

CONCLUSION

In summary, nutritional insults in eatly life result in de-
creased B-cell mass and function in the offspring that
persists into adult life and provides increased risk of
glucose intolerance and type 2 diabetes. This is likely to
involve a restriction on B-cell plasticity that can be di-

rectly mediated through effects on B-cell progenitors and
the function of mature B-cells, but may also be indirect
through a decreased islet vasculogenesis and availability
of EPC, resulting in an impaired trophic signaling be-
tween the vascular endothelium and the B-cell. Likely
reversal strategies include the use of statins to improve
microvascular volume and function.
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Abstract

Obesity is increasing around the globe. While adult life-
style factors undoubtedly contribute to the incidence of =~ INTRODUCTION
obesity and its attendant disorders, mounting evidence
suggests that programming of obesity may occur fol-
lowing under- and over-nutrition during development.
As hypothalamic control of appetite and energy ex-
penditure is set early in life and can be perturbed by
certain exposures such as undernutrition and altered
metabolic and hormonal signals, /7 utero exposure to
altered maternal nutrition and inadequate nutrition dur-
ing early postnatal life may contribute to programming > i X i )
of obesity in offspring. Data from animal studies indi-  action between many factors including genetic, physi-
cate both intrauterine and postnatal environments are ological, behavioural and environmental influences. The
critical determinants of the development of pathways  rate at which this disease has increased suggests that
regulating energy homeostasis. This review summarizes environmental and behavioural factors such as increased
recent evidence of the impact of maternal nutrition as ~ consumption of high-fat and high-energy foods, coupled

Obesity is a common disorder and an important risk
factor for many chronic diseases. As the second big-
gest cause of mortality after smoking, obesity-associated
complications account for 10% of health-care costs in
most countries'. The prevalence of obesity, particularly
childhood obesity, is rising worldwide. The reasons be-
hind this epidemic are not clearly understood, however
this metabolic disease can result from a complex inter-

well as postnatal nutrition of the offspring on subse- with reduced physical activity play a greater role than
quent obesity and disease risk of the offspring. While genetic causes” . Tt is therefore particularly relevant that
much of the experimental work reviewed here was con- recent epidemiological and animal studies have suggested
ducted in the rodent, these observations provide useful that long-term health can be influenced by events in fetal
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and early infant phases of life. Nutritional status during
“critical windows” in early development is thought to
influence or “program”, the onset of major diseases in
adulthood™ (Figure 1). The mechanisms underlying this
development of obesity and associated disease in adult-
hood ate not yet completely understood. This review will
discuss the effects of nutritional imbalances 7 #tero and
in early postnatal life as well as the mechanisms that may
contribute to the development of adult disease.

FETAL ORIGINS OF DISEASE

One of the first studies to highlight the fetal origins of
disease was a population study in Hertfordshire dem-
onstrating a link between low birth weight and weight
at 1 year of age and increased death rate from ischemic
heart disease, impaired glucose tolerance and type 2 dia-
betes'®”. This led to the “Thrifty Phenotype” hypothesis,
where poor nutrition iz utero led to fetal adaptations that
produced permanent changes in insulin and glucose me-
tabolism, increasing the risk of developing the metabolic
syndrome in adulthood"™. A more recent hypothesis is
the “Predictive Adaptive Response” hypothesis'”, which
proposes that the fetus makes adaptations 7 #tero or dur-
ing the early postnatal developmental period based on the
predicted postnatal environment. When the predictive
adaptive response is appropriate the phenotype is normal,
however when the predicted and actual environments do
not match, disease manifests'. Epidemiological data in-
dicate that maternal obesity is linked to offspring obesity,
and a child’s body mass index (BMI) correlates with that
of the mother!"”. Thus both undernutrition, and maternal
obesity have been shown to increase the risk of obesity in
offspring. In support of these hypotheses, a large number
of studies have been catrried out, where maternal nutri-
tion has been altered during gestation and eatly postnatal
life.

METABOLIC PROGRAMMING IN UTERO

In determining the mechanisms involved in metabolic
programming, the use of animal models has been para-
mount. A benefit of using non-human species is the
capacity to rigorously control diet and other relevant
environmental factors that impact on obesity. In altricial
species such as rat the lactation period correlates with the
third trimester of human gestation. Initial animal experi-
ments examining early life programming influences on
subsequent obesity risk dealt with the impact of under-
nutrition during gestatsaion, utilizing restricted feeding,
uterine ligation or protein deprivation of the mother. The
effects of maternal undernutrition, low protein diets and
nutritional excess have diverse effects on the offspring, as
recently reviewed" ™,

MATERNAL UNDERNUTRITION

Maternal protein restriction during gestation has previ-
ously been shown to result in low birth weight of the off-
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spring and impaired development of organs such as the
pancreas and kidney"" leading to impaired glucose toler-
ance and insulin resistance in peripheral tissues. There
is also strong evidence that these animals will develop
obesity later on in life!"”. In a rat model of total caloric
restriction during pregnancy, offspring are hyperphagic,
hyperinsulinemic and develop obesity and hyperten-
sion"”. Other models of early growth restriction have
produced similar findings, together with an amplification
of the metabolic disturbances when a highly-palatable or

high-fat diet is introduced pOStnataHyﬂé—is].

MATERNAL OVERNUTRITION

Rodent models of maternal overnutrition usually involve
the feeding of a high fat diet to pregnant dams, resulting
in the development of a phenotype comparable to that
of the human metabolic syndrome''"’, Offspring have
altered neuron development'™*”, increased adiposity and
blood pressure, impaired cardiovascular function”", and
become hyperinsulinemic and hyperglycemic in adult-
hood™. More recent studies have shown that offspring
from obesity-prone rats developed adiposity and im-
paired glucose and lipid metabolism as eatly as postnatal
day 20**" and this was maintained until adulthood™".
Furthermore, maternal high fat diet during the precon-
ceptional period and/or throughout pregnancy and lac-
tation has also been shown to result in a similar obesity
phenotype in the offspring independent of postnatal
nutrition”. These recent studies highlight the profound
impact that dietary interventions duting pregnancy could
have on the long-term health of the offspring

METABOLIC PROGRAMMING IN THE
POSTNATAL PERIOD

Maternal diet during the suckling period is also important
as several regulatory mechanisms not fully developed at
birth undergo significant maturation in the eatly postnatal
period. This is more marked in rodents, as they undergo
rapid maturation of most organ systems after birth. The
important influence of the suckling period is supported
by rodent studies where reducing rat litter sizes to 3-4
pups from 10-12 pups per dam, increases milk availability
resulting in offspring with dyslipidemia, hyperinsulinemia,
hypetrleptinemia, increased body weight and fat pad

P74 This model was designed by McCance who
demonstrated that the adjustment of rat pup litter size
during lactation changes the milk intake of the pups and
this resulted in a lifetime of programming of the growth
trajectoryps]. A subsequent study added to these initial
observations suggesting that the amount of food con-
sumed in eatly life plays an important role in determin-
ing the pattern of food intake in later life™. To further
support the importance of the postnatal period, a recent
epidemiological study demonstrated that rapid weight
gain in neonatal life is associated with increased risk of
obesity in later life, independent of birth weight and
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Hypothalamic changes
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Leptin and insulin resistance
Increased fat mass

Glucose intolerance
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Metabolic disorders
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postnatal period
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Consequences for offspring

Development of
disease in adulthood

Figure 1 Obesity is increasing at the population level, in part due to increased energy intake and reduced energy expenditure, contributing to increasing
pre-pregnancy body mass index. Overnutrition during gestation and early development is thought to influence or “program” appetite and metabolic regulation, which

in turn affects the risk of major disease in adulthood.

weight at 1 year of age®. Thus, rapid weight gain mainly
results from neonatal overfeeding, highlighting the im-
portance of this period of development in programming
of adult disease. Although a recent study demonstrated
that maternal obesity exerted a stronger detrimental im-
pact on the offspring phenotype compated to overnutri-
tion during the eatly postnatal petiod, pre- and postnatal
nutritional excess were shown to interact with each other
to exert additive detrimental effects on programming of
Cent[rzil3 S]appetite regulators and glucose and lipid metabo-
lism™"™.

MECHANISMS MEDIATING THE DEVEL-
OPMENTAL PROGRAMMING OF DISEASE

There are a growing number of signals and pathways that
have been shown to be involved in energy homeostasis,
some of which are listed in Table 1. Alteration of one or
more relevant pathways during early development plays a
major role in the programming of obesity and associated
adulthood diseases. These mechanistic pathways can be
located both centrally and petipherally.

Central mechanisms

Alteration in the environment during a “critical period”
of development may alter the normal development of
the neuronal circulatory regulating food intake. Recent
evidence shows that there are physiological differences in
the regulation of energy balance between adults and neo-
nates. Although much is known about the neurocircuitry
in adults, the development of important appetite regulat-
ing systems such as the neuropeptide Y (NPY) and mela-
nocortin systems remains unclear.

The ontogeny of the NPY system has been extensive-
ly studied by Grove and associates. Initial studies dem-
onstrated that NPY was not only abundantly expressed
in the arcuate nucleus (ARC) but transient expression of
NPY was also observed in the other hypothalamic re-
glons, including the dorsomedial hypothalamus, paraven-
tricular nucleus, lateral hypothalamus and the perifornical
region which is not evident in adulthood™. NPY levels
in all arecas were low at postnatal day 2 (P2), increased
rapidly to peak at P15-16 and returned to levels observed
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Table 1 Central and peripheral signals involved in the control

of energy homeostasis

Orexigenic Anorexigenic
Peripheral
Adipose tissue: Adipose tissue:
Adipsin Leptin
Glucocortiocoids Adiponectin
Angiotensin II Resistin

Tumour necrosis factor a

Stomach: Gut:
Ghrelin Cholecystokinin
Peptide YY
Obestatin
Pancreas:
Insulin
Amylin
Pancreatic polypeptide
Central
Neuropeptide Y o-melanocyte stimulating
hormone
Agouti related peptide Cocaine and amphetamine

regulated transcript

Melanin concentrating hormone  Corticotrophin releasing hormone

Orexin A and B Urocortin

Galanin Serotonin

Noradrenaline Dopamine
Cannabinoid

in adulthood in the ARC, while in the other areas NPY
was no longer apparent after P30,

The development of important neuronal circuits
regulating appetite occurs late in gestation and contin-
ues postnatally in rodents, suggesting that the normal
development of this system may be susceptible to envi-
ronmental and nutritional changes after birth. A series
of carly studies demonstrated that the amount of food
consumed during suckling in the rat plays an important
role in determining food intake later in life™. This may
contribute to long-term development of Syndrome
X-like alterations, such as insulin resistance, obesity and
increased blood pressure™’. Recent data extends these
observations, demonstrating that maternal consumption
of “junk” food during gestation and lactation led to in-
creased preference for “junk” food in offspring as they
matured™’.

August 15,2011 | Volume 2 | Issue 8 |



Velkoska E et a/. Early nutrition and adult disease

Peripheral mechanisms

Leptin and insulin signaling appears to be important for
the development of the appetite regulating system. In
the rodent during the first 3 wk of life, leptin is unable
to alter feeding or energy expenditurem. During the neo-
natal period a surge of leptin is evident, which does not
correlate with body fat'*”. In rodents, fetal adipocytes and
placenta produce very low levels of leptin late in gesta-
tion™, so the main source for this surge of leptin may be
the transplacental transfer of maternal leptin to the fe-
tus'. This neonatal hyperleptinemia however, is not able
to affect growth, food intake or energy expenditure in
mice and rats as the neuronal circuits are still not devel-
opedmm, Recently it has been suggested that this leptin
surge is actually an important signal for the initiation of
the development of ARC projections in the rodent!™”,
The main evidence for this is the incomplete develop-
ment of ARC projections in 0b/ob and db/db mice that
do not have a functioning leptin system'”’. On the other
hand, exogenous leptin treatment during the early postna-
tal period in rodents can also cause abnormal expression
of NPY, agouti-related peptide and pro-opiomelanocor-
tin in the ARC'™, however the effect on the projections is
unknown. Hyperleptinemia caused by overfeeding during
this period can also cause abnormalities in hypothalamic
circuits™", Collectively these findings suggest that a cer-
tain level of leptin is required during the “critical period”
of development and both deficiency and excess can have
long-term detrimental effects on the hypothalamic cir-
cuitry that regulates energy homeostasis.

Insulin receptors are also highly expressed in the fetal
brain of rodents and humans, with expression declining
during the postnatal period[iu]. Insulin treatment during
the postnatal period results in increased body weight,
chronic hyperinsulinemia and increased blood pressure
that persists into adulthood”", suggesting abnormal in-
sulin levels during a “critical period” of development
may cause long-term defects in the regulation of energy
homeostasis"”. Tnsulin may also be an important trophic
factor, however more studies are needed to determine its
role in the development of the feeding circuits.

Adipose tissue development can also be affected
during the fetal and postnatal periods. Development of
adipose tissue commences 77 #tero, whete adipocytes have
the ability to develop into either brown or white adipose
tissue (WAT)®?, The main function of brown adipose
tissue (BAT) is to convert energy into heat™, whereas
the WAT represents an endogenous energy store that is
capable of secreting a number of mediators involved in
the regulation of energy metabolism, neuroendocrine
function and immune function®™

BAT is present in rodents throughout life but until
recently it was thought that BAT in humans was only
present in early life and did not have any important func-
tion in adults”™. The presence of BAT in rodents has
been shown to be important in body weight and energy
regulation as well as glucose metabolism" while active
BAT in adult humans has been demonstrated following
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cold exposurem. A recent study was able to demonstrate
a functioning BAT in adult humans, particularly females,
using combined positron-emission tomography and com-
puted tomography scanning”’. Furthermore, the same
study demonstrated an inverse correlation between the
amount of BAT and BMI"". The ability to measure and
locate the mass and activity of BAT will help to better
understand the physiological role of BAT in adult hu-
mans and its potential as a therapeutic target in the man-
agement of obesity"".

Over the last decade WAT has become recognized
as an important endocrine organ able to secrete a vast
number of hormones as well as expressing numerous
receptors that allow it to respond to traditional hormone
systems as well as signals from the central nervous sys-
tem”™. The wide range of protein signals and factors
that have been identified in WAT highlights the com-
plexity of this system which is highly integrated into the
general homeostatic mechanisms of mammals”’. WAT
development is characterized by a rapid increase in fat
cell number until 4 wk of age, followed by slower rate of
growth until puberty, whereas increase in adipose tissue
mass during maturity is mainly due to increased adipocyte
size!™. The increase in fat mass during early life appears
to be dependent on an increase in local glucocorticoid
action during the postnatal period’. The ability of glu-
cocorticoids to promote lipogenesis and decrease lipoly-
sis, highlights their role as important mediators in the
development of central obesity, which can contribute to
hypertension and glucose intolerance!™. Corticosterone
production driven by the enzyme 113-HSD1 could play
a pivotal role in the growth and development of the adi-
pose tissue™. Further evidence of programming of the
adipose tissue was recently provided by a study, which
showed that increased maternal nutrition in the sheep
led to upregulation of peroxisome proliferator activated
receptor vy, lipoprotein lipase and leptin in fetal tissue,
thereby predisposing the offspring to enhanced adipose

65

accumulation®

PERSPECTIVES

Evidence from both epidemiological and animal studies
suggests that the programming of obesity and adulthood
disease arises from multifactorial influences occurring
early in life. Adipocyte development, leptin, insulin and
glucocorticoid signaling, as well as the plasticity of the
hypothalamus all play a major role in the programming
of appetite and metabolism, possibly leading to develop-
ment of associated diseases. While the intrautetine envi-
ronment and eatly postnatal window are critical determi-
nants, recent data from our laboratory highlighting the
detrimental impact of paternal high fat diet-induced obe-
sity on offspring glucose tolerance and pancreatic 3 cell
function, highlights the possibility that unhealthy paternal

diets can reprogram gene expression in offspring, impli-
[66]

cating epigenetics in these trans-generational effects
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GENERAL INFORMATION

World Journal of Diabetes (World | Diabetes, W]D, online ISSN
1948-9358, DOI: 10.4239), is a monthly, open-access (OA), pe
er-reviewed journal supported by an editorial board of 323 exp-
erts in diabetes mellitus research from 38 countries.

The biggest advantage of the OA model is that it provides
free, full-text articles in PDF and other formats for experts and
the public without registration, which eliminates the obstacle that
traditional journals possess and usually delays the speed of the
propagation and communication of scientific research results.

Maximization of personal benefits

The role of academic journals is to exhibit the scientific levels of
a country, a university, a center, a department, and even a scientist,
and build an important bridge for communication between
scientists and the public. As we all know, the significance of the
publication of scientific articles lies not only in disseminating
and communicating innovative scientific achievements and aca-
demic views, as well as promoting the application of scientific
achievements, but also in formally recognizing the “priority” and
“copyright” of innovative achievements published, as well as
evaluating research performance and academic levels. So, to realize
these desired attributes of WJD and create a well-recognized
journal, the following four types of personal benefits should be
maximized. The maximization of personal benefits refers to the
pursuit of the maximum personal benefits in a well-considered
optimal manner without violation of the laws, ethical rules and the
benefits of others. (1) Maximization of the benefits of editorial
board members: The primary task of editorial board members
is to give a peer review of an unpublished scientific article via
online office system to evaluate its innovativeness, scientific and
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

SPECIAL STATEMENT

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 I 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 mote than 140 wotds);
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
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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/¢_info_20100107165233.htm.

Illustrations

Figures should be numbered as 1, 2, 3, ex., and mentioned cleatly
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;
hetp://www.wjgnet.com/1007-9327/13/4891.pdf; htetp://
www.wjgnet.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 D: L B e
G: ...ete. 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, eze., 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 ftitle, 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 4P < 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
'E, °F, ’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, /\, ef., 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 author’s name. For citation content which is part of
the narration, the coding number and square brackets should be
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typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability!””, Tf references are cited
directly in the text, they should be put together within the text, for
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 journal article (list all anthors 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 |
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224 DOI:
10.3748 /wjg.13.6350]

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

2 Lin GZ, Wang XZ, Wang P, Lin |, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-
diarrhoea. Shijie Huaren Xiaobna 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 anthor

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

Volume with supplenent

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. HRSA
Careaction 2002; 1-6 [PMID: 12154804]

Books

Personal anthor(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 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 E 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
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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
xz (in Greek), related coefficient as 7 (in italics), degree of freedom
as v (in Greek), sample number as 7 (in italics), and probability as P (in
italics).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood
pressute, 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,

K
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Instructions to authors

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
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 EurckAlert/AAAS (http://www.curckalert.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

IW]D 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 propetly 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, original articles, book reviews and letters to the editor are
published free of charge.
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