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Abstract

Archetypes of histone modifications associated with
diverse chromosomal states that regulate access to
DNA are leading the hypothesis of the histone code (or
epigenetic code). However, it is still not evident how
these post-translational modifications of histone tails
lead to changes in chromatin structure. Histone modi-
fications are able to activate and/or inactivate several
genes and can be transmitted to next generation cells
due to an epigenetic memory. The challenging issue
is to identify or “decrypt” the code used to transmit
these modifications to descent cells. Here, an attempt
is made to describe how histone modifications operate
as part of histone code that stipulates patterns of gene
expression. This papers emphasizes particularly on the
correlation between histone modifications and patterns
of Hox gene expression in Caenorhabditis elegans. This
work serves as an example to illustrate the power of
the epigenetic machinery and its use in drug design
and discovery.

© 2012 Baishideng. All rights reserved.

Key words: Epigenetic code; Histone code; Histone
modifications; Hox gene expression
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INTRODUCTION

The basic unit of chromatin corresponds to DNA that is
packaged into periodic nucleoprotein structures known
as nucleosomes!'". The nucleosome comprises an oc-
tamer of eight core histone proteins (two H2A, H2B,
H3 and H4) around which 146 base pairs of dsDNA are
wrapped in 1.65 left-handed superhelical turns”. Histone
H1 setves as a linker protein and directs the formation
of a higher-order structure in the nucleosomal array. The
histone N-terminal tails comprise between 25 and 40 res-
idues and are exposed on the surface of the nucleosome.
The amino acid sequences of these N-terminal tails are
highly conserved, possibly due to the roles played by a
number of important post-translational modifications at
these sequences”,

A number of selected amino acid residues are subject
to a variety of enzyme-catalyzed posttranslational modi-
fications. These modifications include acetylation and
methylation of lysines (K) and arginines (R), phosphory-
lation of serines (S) and threonines (T)™, which are car-
ried out by a variety of chromatin modifying complexes,
such as the COMPASS (for histone methylation), NuA4/
Tip60 (for Histone H4 acetylation), and NuA3 (for His-
tone H3 acetylation) complexes. All of these chromatin
modifying complexes contain one of the histone modifi-
cation enzymes, such as histone acetyltransferase (HAT),
histone deacetylase (HDAC), histone methyltransferase
(HMT), histone demethylase (HDMT), and histone ki-
nase. These chromatin modification complexes work
in concert with ATP-dependent chromatin-remodeling
complexes, including the SWI/SNF, ISWI and NURD/

April 10,2012 | Volume 3 | Issue 4 |



Mi-2/CHD complexes, which recognize specific histone
modifications to restructure and mobilize nucleosomes.

Histone tails represent a complex set of epigenetic
information. There are 50 distinct acetylated isoforms
of the eight histone proteins[(’]. In addition, several
modifications can be applied to these isoforms including
methylation of selected lysines and arginines (H3 and
H4) and phosphorylation of serine (H3, H4, H2B). The
methylation process includes the attachment of one, two,
or three methyl groups. Other histone tail modifications
also include ubiquitination and ADP—ribosylationm. The
nucleosome surface is then decorated with thousands
of these modifications, which could comprise a histone
code®™ or an epigenetic code"”.

A challenging development occurs when a cell prolif-
erates and generates two identical cells containing genes
having the same status (expressed or repressed) as the
ones in the mother cell. Every cell of an organism fol-
lows the same genetic code except germ cells and some
cells of the immune system. Hence, the regulation of
gene expression is not exclusively controlled by DNA but
itis conducted in harmony with histones' .

Cells control processes that permit them to remember
the status of each gene before mitosis, and therefore pre-
serve its phenotype. This transmission of gene expres-
sion patterns from mother cells to its descendants occur
through a mechanism of gene bookmarking[m. Hence,
the cell state (identity) is kept safe within the structure of
the chromatin and the epigenetic code.

Components of chromatin including DNA and his-
tones undergo dynamic post-synthetic covalent modifica-
tions. The dynamic and not permanent post-translational
modifications on histones represent epigenetic signatures
and are created and removed whenever needed to alter
the expression states of loci. These marks involve activi-
ties of modifying enzymes (writers), enzymes removing
modifications (erasers), and readers of the epigenetic
code. The erasers are crucial targets for manipulation to
further understand the histone code and its role in biol-
ogy and human disease!™>",

The inheritance of epigenetic information is orches-
trated by histone code readers (proteins that identify
particular histone modifications) and histone code writers
(proteins that duplicate the histone modifications).

Histone code readers and writers include structural
domains such as the bromodomain, the chromodomain,
and the plant homeodomain (PHD)". These domains
are required to recognize specific patterns of histone
modifications including acetylation and methylation at
given locations. The bromodomain is located mainly in
HATs and chromatin remodeling proteins, whereas the
chromodomain is found for example in HATs, HMTs,
and HP1 (Figure 1). It has been shown that proteins in-
volved in writing epigenetic information collaborate to
maintain an epigenetic stability in the midst of great dy-
namic events at the molecular level”.

Despite their phenotypic differences, Caenorbabditis
elegans (C. elegans), a roundworm with a genome about 30
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Signals to change histone
modification and chromatin
remodeling

Environmental inputs

T

/

Cell signaling Heritable epigenetic code

Figure 1 Histone modifications and chromatin remodeling. Environment
factors and modifying enzymes are associated with regulating cell signaling and
histone code. HDAC: Histone deacetylase; HAT: Histone acetyltransferase.

times smaller than human genome, however it encodes
22 000 proteins. In addition, approximately 35% of C. e/
egans genes are closely related to human genes, and both
organisms have at least 80% amino acid sequence iden-
tity between their core histones'"”. For example, MES-2,
the ortholog of human EZH2 has been reported to be
a HMT for H3K27"¥, and MES-4, 2 SET domain con-
taining protein, has recently been shown to be required
for H3K36 di-methylation (H3K36 me2) in mitotic and
early meiotic germline nuclei and in early embryonic
cells"”. Whetstine e a/”" discovered the histone demeth-
ylase JMJD2A in mammalian cells and that has led to the
identification of the C. elgans homolog, JMJD-2. This
protein family was reported to be required in chemical
methylation for H3K9/k36 me3.

There is accurate machinery that allows cells to rec-
ognize themselves and undertake specific tasks. This
machinery represents the blueprint of various patterns
of gene activation/inactivation throughout the cell cycle.
Lack of expression or repression leads to an irregular
outcome for the cell including altered genetic programs
and increased rate of cell transformation'”, This “know-
how” is located mainly in the amino-terminal tails of the
core histones”'. The first association between a histone
tail modification and a particular functional state of chro-
matin was reported by Pogo ¢z a/”) and Hebbes et al™. Tt
was shown that transcriptionally active chromatin frac-
tions are enriched in acetylated histones, whereas regions
of facultative heterochromatin and transcriptionally silent
constitutive were located in underacetylated regionsm]

As depicted in Figure 1, the set of histone tail modi-
fications includes at least two subsets. The first subset
represents the modifications that lead to on-going tran-
scription and usually are classified as cell signaling, and
the second subset represents the modifications that are
heritable. This heritability of transcriptional states is the
component that unambiguously identifies the histone
code"”. In addition, these histone modifications ate also
suggested to be used combinatorially to instruct genes
for activation right after cellular differentiation'™*".
This latter proposition could be used to model the pro-

April 10,2012 | Volume 3 | Issue 4 |
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Figure 2 H3K4 modifications, Hox genes and cellular development.

Table 1 Methylation of H3K4, H3K9, H3K27 and H3K36

i H3K4me(i) H3K9me(i) H3K27me(i) H3K3éme(i)
0 Off On On Off
1 On Off Off On
2 On Off Off On
3 On Off Off On

i=0 the me(i) part will be equal to zero which means that the histone is not
methylated. Here the “On” state represents the transcriptionally euchro-
matin; and the “off” state represents the constitutive heterochromatin.

grammed activation of tissue-specific transcription fac-
tors throughout differentiation of ES cells™.

Histone modifications associate closely with vari-
ous biological functions. For example, as is depicted in
Table 1, in C. elegans, methylation of H3K4/K36 cot-
relates with transcriptionally competent euchromatin.
Alternatively, methylation of H3K9/K27 correlates to
a component of constitutive heterochromatin. Finding
these patterns and the corresponding correlations with
the transcriptional status of selected genes will lead the
way to illustrate the process of an epigenetic code.

FROM HOX GENES TO HISTONE CODE

This study provides a detailed analysis of the Hox epigen-
etic code mainly in C. elegans. Methods used to propose
such a code are based on a manual data mining approach
and a thorough analysis of data gathered from various
references and websites. A few discrepancies and contra-
dictions were encountered during the design of Figures
2-4. For example, it is mentioned in a number of reposi-
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egl-5<«— sop-3

Dis-regulation of mab-5 and egl-5
is associated with defects of ray
development in LIN-49, LIN-59,
SOP-2 and MES mutants

sop-2, sor-1, sem-4

tories for C. elegans that Sem-4 inhibits Lin-39. However,
after investigating this issue further using the available
literature and corresponding with many scientists, Sem-4
has been found to have an opposite role. Thus, patterns
generated from data mining software should be manually
checked to avoid similar discrepancies.

Although the histone code defined here targets a
small organism, chromatin modifications in mammals
including humans were used in this work to imply signifi-
cant components of the Hox epigenetic code in C. elegans.
In addition, there are many complexes that exist in both C.
elegans and humans such as micro RNAs lin-4 and let-7
which have been connected to many cancers””, and 153
kinase subfamilies which direct most cellular processes,
particularly in signal transduction and coordination of
complex pathways[zsl. Similarities and homologs between
both organisms are shown in Tables 2-5. Table 2 shows
examples from the Ras-superfamily GTPases””, Table 3
focuses on autophagy-related genesm, Table 4 illustrates
examples from the Ubiquitin-conjugating enzymesm, and
Table 5 shows specific similarities in Hox genesm].

The development and maintenance of cellular identi-
ty is ctucial in both embryonic and adult tissues for nor-
mal organ function. Hence the need to establish a stable
transcriptional states within the cell, a process in which
transcription factors have a vital role. One of those
groups of transcription factors are known as Hox genes,
representing a family of homeodomain-containing tran-
scription factors that establish cellular identity during de-
velopment, in addition to regulating numerous processes
including apoptosis, receptor signalling, differentiation,
motility and angiogenesis.

April 10,2012 | Volume 3 | Issue 4 |
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Figure 3 H3K36 modifications and cellular development. HDAC: Histone deacetylase.

Table 2 Known roles of Ras-superfamily GTPases in Cae-

norhabditis elegans: Homologs in humans

Table 3 Caenorhabditis elegans orthologs of mammalian

autophagy-related genes

C.elegans Human Developmental role(s) C. elegans Mammalian Function
gene name homolog gene gene
Ras/Rap/Ral family erp-1 Bif-1 Bax interacting factor that associates with
let-60 K-Ras Cell fate determination, oocyte meiotic maturation, Uvrag and Beclin 1
sex myoblast migration, axon pathfinding, olfaction, C33A11.4 DRAM p53-induced damage-regulated
response to microbacterium nematophilum infection ced-9 Bcl-2 Anti-apoptotic protein, negative regulator of
Rho family Beclin 1-mediated autophagy
rho-1 RhoA Cytokinesis, hypodermal contraction, P cell migra-
tion, axon pathfinding
cdc42  Cde42  Cytokinesis, embryonic polarity, axon pathfinding gene expression have been identified in abnormal de-
ced-10 Racl Gastrulation, cell mlgra.tlon (P cells, d.lstal .t1p cells), velo pment an d rnalignancy, and re-ex press ion in ma ny
cell corpse phagocytosis, neuronal migration, axon h ; [34] leuk . 35] d
pathfinding, vulval morphogenesis cancers suc 2;.35()] pancreatlc cancer |, leukemia E an
rac-2 Racl  Neuronal migration, axon pathfinding neuroblastoma™ . In some tumors, altered expression of
mig-2 Mtl Cell migration (P-cells, distal tip cells, Q cells and Hox genes directly drives tumorigenesis through escape
L ) . 37 . . .3
descendants), neuronal migration, axon pathfind- from apoptosm[ ], alterations to receptor mgnalhng[ 8],
g Tl el gl epithelial-mesenchymal transition (EMT)™ and tumour
3 . . 40 . .
Rab family cell invasion™”. Therefore, Hox gene expression is a pro-
rab-1 Rabl Innate immunity gene expression . . . .
o o spective diagnostic marker and therapeutic target.
rab-3 Rab3 Synaptic vesicle trafficking and release R Lo
. Hox genes encode a family of transcription factors
Arf/Sar family o . ?
arl-6 Arf6 Ciliary vesicle trafficking and Bardet-Beidl syn- arc usually conserved within metazoans, and are involved
dromes in generating pattern along the anterior-posterior body
evl-20 Arf2 Microtubule organization, vulval cell division, axis. Their involvement occurs during early ernbryogen—
tissue morphogenesis esis collinearly with their arrangement on the chromo-
Ran famil 41,42] . .
an tamily o _ some™™™. In C. elegans, the Hox cluster includes six Hox
ran-1 Ran Nuclear trafficking, nuclear reassembly, Kinete-

chore association with the mitotic spindle

Mammals have 39 Hox genes split between four
groups of linked genes on different chromosomes and
patterns of their deregulated expression have been re-
portered in cancer. This deregulation is tissue-specific,
certain Hox genes that normally have tumour suppres-
sive effects are silenced; and in other tissues, particular
Hox genes are expressed in an abnormal temporospatial
pattern with oncogenic effects™. Anomalies in Hox
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genes arranged in three pairs spread out over 5 Mb of
chromosome III. Ceb-13, /in-39, mab-5, and egl-5, are ot-
ganized in a loose cluster™™ ™, while the other two genes
nob-1 and php-3 are located more than 1 Mb away on the
same chromosome!****,

Kenyon ez al™ reported that lin-39, mab-5 and egl-5
are required for postembryonic development. Em-
mons*” showed that mab-5 and egl-5 are involved in cell
fate specifications in males, and Sternberg[SO] reported
that /in-39 is mainly involved in vulval cell fates and
selects the outcome of Ras signaling (Figure 2). Gener-
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Ezziane Z. Epigenetic code

H3K27— Euchrochromatin

| mes-2/-3/-4/-6
H3K27me— Heterochromatin
JMID3 1! mes-2/-3/-6

H3K27me2 Gonad, posterior and vulval cells related
JMID3 1| mes-2/-3/-6 genes
. H3K27me3 : mab-5, egl-5, lin-39
Transcribe (ImID3) F18E9.5 Increase
XJ193 «——«— ——— =
F18E9.5 Depleted inhibited
o
£ B g o
3 3 g g 5@
3 53 [a] Qo o WU
fuy =) P
= T © R
= =3 o £ 2]
£ =) £ o v g
5 @ F=e!
5 2 52
- [=%
85 So
3 8 28
MLL2 o3 ES
Prostate cancer Gonad TS5 g E
complex £S5 5 &
o &
o o

Nactivate X chromosome

Figure 4 H3K27 modifications, Hox genes, and cellular development.

Table 4 Ubiquitin-conjugating enzymes in Caenorhabditis el-

egans: homologs and loss-of-function phenotypes

C. elegans Peptide- Human Phenotypes
conjugated
ubc-1 Ub UBE2A; UBE2B WT (RNAi)
ubc-2/let-70 Ub UBE2D1/UBCHS5A; embryonic arrest at pre-
UBE2D2/UBCHS5B; comma stage (RNAi)
UBE2D3/UBCH5C
ubc-3 Ub CDC34; FLJ20419 WT (RNAi)
ubc-6 Ub NCUBE1 WT (RNAi)
ubc-7 Ub UBE2G1 WT (RNAi)
ubc-8 Ub UBE2H WT (RNAi)
ubc-9 SUMO UBE2I embryonic arrest post- gas-
trulation before muscle
movement (RNAi)
ubc-12 N E D - 8 UBE2M embryonic arrest at the
(Nedd8) comma stage (RNAi)
ubc-13 Ub UBE2N; BAA93711 WT (RNAi)
ubc-14 Ub UBE2G2 embryonic arrest post- gas-
trulation before muscle
movement (RNAi)
ubc-15 Ub NCUBE1 WT (RNAi)
ubc-18 Ub UBE2L1; UBE2L3/ reduced growth rate and
UBCH7; UBE2L6  brood size (mut)
ubc-20 Ub HIP2 impenetrant L3 and L4
larval arrest (RNAi)
ubc-21 Ub HIP2 WT (RNAi)
ubc-22 Ub UBE2L1; UBE2L3/ WT (RNAi)
UBCH7; UBE2L6
ubc-23 Ub HIP2 WT (RNAi)

ally, patterns of Hox gene expressions in C. elegans are
controlled by cell lineage, which is completely different
when compared to Drosophila or vertebrate systems”"
However, as depicted in Figure 2, Wnt signaling path-
ways regulate some aspects of Hox gene expression dur-
ing vulval developmentm.

DNA methylation patterns are characterized by low
tissue specificity when compared to other epigenetic
information such as acetylation, phosphorylation, ubiq-
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uitylation, and ADP-ribosylation. These findings suggest
that DNA methylation prediction is relatively easier to
handle than other histone modifications”™. In addition,
C. elegans lacks cytosine methylation, and therefore it
represents a potential candidate to explore for possible
existence of an epigenetic code. This paper aims to in-
vestigate patterns of histone modifications in C. elegans
that occur on Hox genes within a chromatin context.
This investigation seeks to analyze the identified patterns
and map histone modifications to the transcriptional sta-
tus of specific Hox genes: histone code.

EXPLORING THE HISTONE CODE

Homeotic transformations that lead to body structure
loss or duplication occur due to inappropriate expres-
sion of Hox genes. Thus, it is fundamental to identify a
histone code that establishes a cortrelation between the
histone modifications and a heritable histone code. In
this work, only four Hax genes in C. elegans are investi-
gated: /in-39, mab-5, egl-5, and ceb-13. It is known that each
C. elegans Hox gene is expressed in restricted regions of
multiple diverse tissues and lineally unrelated cells and de-
fines the region specific differentiation characteristics”™".
Generally, Hox genes are globally repressed by the
polycomb group (P¢G) in mammals as well as in C. ¢~
egans (Figure 2). In addition, any mutations in PcG genes
lead to ectopic Hox gene expression which will also in
turn lead to posterior homeotic transformations in both
Drosophila and vertebrates™ . A further analysis of
Drosophila #xG/PeG double mutants showed that activ-
ity of TrxG/MILL complexes is required to block PeG-
mediated silencing of transcribed Hox genes. The TrxG/
MILL complex that catalyzes the H3K4me3 is associated
with active transcription””*". Consequently, promoters
of active genes develop to be enhanced with H3K4me3
modified nucleosomes. Similarly, in C. elegans, the MIL.2
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Table 5 Hox genes of the Caenorhabditis elegans: Homologs
of humans

Gene product Mammalian Molecular function
relative(s)
EGL-5 EGg- Hox9-13 Hox transcription factor.
laying defects (all human Upregulated by Ras signaling.
posterior Hox genes)
LIN-39 Abnormal cell HoxB5 Hox transcription factor.

LINeage Upregulated by Ras signaling.

complex plays the same role as in Drosophila (Figure 2).

Chromatins within mouse embryonic stem (mES)
cells include M°H3K4 and M ’H3K27 marks at Hox gene
promoters, in which both repressive and activating chro-
matin modifications were referred to as “bivalent do-
mains”®", These bivalent domains may lead Hox genes
to an activation state. A challenging task is to determine
how Hox genes become transcriptionally activated dur-
ing ES cells differentiation or embryonic development.

Components of the MII.2 complex in humans were
shown to be initially recruited at the promoters of the
most anterior HOXA and HOXB genes, with H3K4 be-
coming tri-methylated™. The presence of UTX (Ubig-
uitously transcribed tetratricopeptide repeat, X chromo-
some, linked with histone dementhylation) with a simul-
taneous loss of PRC2 and H3K27me3 marks from the
promoters resulted in a rapid activation of these genes.
These findings suggest that UTX could be essential for
activating Hox genes, since its loss of expression did
lead to a strong decrease in HOXB/ transcription. These
findings are used later to support a particular hypothesis
in conceiving the Histone code in C. elegans.

It has been reported in C. elegans that mab-5 is ex-
pressed in the V5 and V6 cell lineages, which directs
these cells to develop into rays. Further, ¢g/-5 is expressed
only in the V6 lineage, which is required for the devel-
opment and differentiation of V6 rays™. The normal
development of the C. elegans male tails requires SOP-2,
MES-2/-3/-6 (PeG genes) and /in-49/lin-59 (trithorax-
related genes). As it is depicted in Figure 2, the mis-
regulation of mab-5 and ¢g/-5 is associated with the defects
of ray development in /n-49, lin-59, SOP-2, and MES-
mutants'?, In C. elegans as well as in Drosophila, PG
proteins operate as transcription repressors, whereas tri-
thorax proteins operate as transcription activators'®” .

Mutations in Hox genes lead to irregular patterns of
programmed cell death. For example, in C. ekgans, mab-5
has been reported to be essential for the programmed
cell deaths of two lineally related cells generated in the
P11 and P12 lineagesm]. Further, Figure 2 shows that
lin-39 was reported to control vulval cell development®,
and ceh-13 is required for development, and its ectopic
expression during embryogenesis lead to embryonic le-
thality®”. ‘This latter is the orthologue of the Drosophila
labial and the human Hox7 genes.

Various parts of Figures 2-4 were constructed from
exploring Wormbase (www.wormbase.org), which rep-
resents a major repository for C. elegans information.
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Figure 2 illustrates the fact that when H3K4 is tri-meth-
ylated, it binds with the complex /#n-49/lin-59 which then
expresses mab-5 and egi-5. In normal cell development,
mab-5 and /lin-39 repress each other in turn. The loss
of H3K4me3 leads to X inactivation, whereas its increase
occurs when rbr-2 (Jarid1 family) is inhibited, which then
lead to a defect in vulval cells. Howevet, it is not clear
why H3K4me3 binds with [Jm]D2.A, and which proteins
express or repress ceh-13, although its first expression
is detected in the male tail from L3 until mid 1.4. In hu-
mans, components of the MLL2 complex were shown
to be initially recruited at the promoters of the most
anterior Hox A and Hox B genes, with H3K4 becoming
tri-methylated™"’. This finding suggests that H3K4me3
could be involved in expressing ceh-13.

Figure 3 shows that all levels of methylated H3K36
represent an activation mark and prevents transcriptional
initiation downstream of the promoter region. This
figure also shows a few correlative events. For example,
H3K36me3 expresses lin-39, whereas H3K9me3 represses
in-39. The depletion of JM]D2A4 (H3K9/K36 demeth-
ylase) leads to an increase of H3K9/K36me3 and to a
P53-related apoptosis and an altered program of meiotic
DSB repair. Like H3K4me3, H3K9me3 has also been ob-
served to bind with JM]D2A4. However, no clue is avail-
able to comprehend the purpose of this binding,

Figure 4 illustrates the importance of H3K27me3 as it
represents a unique epigenetic state of pluripotent ES cells,
and it is mainly down-regulated during differentiation into
somatic cells. Generally, all forms of methylated H3K27
correspond to inactivation marks. However, H3K27me3 is
specifically involved in inactivating the X chromosome as
well as mab-5, eg-5, and /in-39. The depletion of F18E9.5
(member of Jm]D3 family that demethylates H3K27¢3)
causes defects in gonadogenesis, whereas its up-regulation
has been detected in prostate cancer

Figure 3 shows that the HMT met-2 catalyze H3K9
mono-, di- and tri-methylation in constitutive hetero-
chromatin. The methylation of H3K9 binds with the
chromodomain of /p/-2 in order to establish and main-
tain the heterochromatin structure.

Polycomb and trithorax groups are involved in main-
taining the epigenetic code and the cell identity'®. Poly-
comb complexes are found in closed chromatin struc-
tures and are thus involved in gene silencing, whereas tri-
thorax complexes are found in open chromatin structure
and are involved in maintaining active genes. Polycomb
and trithorax groups are considered as HMTs and play
a role in epigenetic inheritance"". Figure 4 depicts the
mono-, di-, and tri- methylation of H3K27 by the poly-
comb MES-2/-3/-6 proteins. In addition, it also shows
that the di- and tri-methylation of H3K27 are involved
in repressing mab-5, egl-5, and /in-39. Further, Figure 2
shows that the trithorax complex /n-49//in-59 binds with
H3K4me3 and then activates mab-5 and egl-5.

Figures 2-4 illustrate various paths that lead to ex-
pression and repression of Hox genes in C. elegans,
and eventually help to describe the histone code: (1)
H3K4me3 is involved in activating wab-5 and egl-5; (2)
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H3K36me3 plays a role in activating /in-39; (3) H3K9me3
is known in repressing /in-39; (4) H3K27me2 and
H3K27me3 both repress mab-5, egl-5, and /in-39; and (5)
although it is known that a high level of pgp-7 represses
ceh-13 and a low level of pop-T expresses it, nonethe-
less it is worthwhile investigating whether any histone
modifications are involved in expressing or repressing
it. Presently, evidential data only indicates that H3K4me3
may perhaps express it. However experimental work is
needed to support such a claim.

Histone acetylation is not yet demonstrated to be
involved in epigenetic memory, since it is mainly a dy-
namic modification and is maintained by the ongoing
activity of HATs and HDACs”". In addition, histone de-
methylase removes a methyl group from a particular his-
tone tail. For example, rbr-2 (Jarid]l family) demethylates
H3 at lysine 4 (Figure 2); JMJD2A protein demethylates
H3 at lysine 36 (Figure 2); and F18E9.5 (Jm]D3 family)
removes the tri-methyl group from H3K27 (Figure 4).
Correspondingly, other post-translationally modifications
including phosphorylation, ubiquitylation, sumoylation,
and ADP-ribosylation have not been shown to have
an important role in epigenetic memory. Nevertheless,
HATSs and HDACs have been used in therapeutic targets

. . . . 72-75
in several diseases including cancer”” ",

CONCLUSION

Histone modifications are cleatly conserved within meta-

zoans and correspond to a very ancient form of basal ge-
netic regulation. Generally, each individual histone modi-
fication has the same biological effect in various organ-
isms. For example, methylation of H3K4 represents an
activation mark in both humans and C. elgans. Evidently,
the epigenetic code identified as the heritable transcrip-
tionally states will contribute in biomedical reseatrch and
particularly in epigenetic therapy. In addition, epigenetic
regulation is shown to have a role in mental disorders, au-
toimmune diseases and many other complex diseases”

A number of silenced tumor suppressor genes are
shown to be lost due to epigenetic deactivation rather
than sequence damages, although epigenetic changes
co-operate with genetic changes to initiate the develop-
ment of a cancer since they are mitotically heritable!"™.
Further, epigenetic irregularities are pharmacologically
reversible as opposed to genomic damage”. This fact
provides an incentive for the research community to de-
vote more efforts to epigenetic therapy.

There is an on-going quest to discover drugs for
diseases with genetic defects like cancer™ ™. The pur-
pose of investigating the histone code is to uncover the
power of the epigenetic code and its use in drug design
and discovery. Understanding the epigenetic machinery
of the Hox genes and their cofactors could enable new
targets for future therapies. As the investigation on Hox
genes unravels, more translation to clinical application
is expected. Hox genes have been used as biomarkers
such as Hox A9 MLL translocation™ and NUP98
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®I'in leukemias. In breast cancer, other groups

fusions
have investigated the developed of a two-gene test using
qRT-PCR to determine the ration of HoxB73 expression
to IL17RB expression that leads to predict the tumor
recurrence in patients with eR-postive tumors taking

. 87,88
tamoxifen®™"™,
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Abstract

AIM: To prospectively compare volumetric intensity-
modulated arc therapy (VMAT) and conventional inten-
sity-modulated radiation therapy (IMRT) in coverage
of planning target volumes and avoidance of multiple
organs at risk (OARs) in patients undergoing defini-
tive chemoradiotherapy for advanced (stage III or 1V)
squamous cell cancer of the head and neck.

METHODS: Computed tomography scans of 20 pa-
tients with advanced tumors of the larynx, naso-, oro-
and hypopharynx were prospectively planned using
IMRT (7 field) and VMAT using two arcs. Calculated
doses to planning target volume (PTV) and OAR were
compared between IMRT and VMAT plans. Dose-vol-
ume histograms (DVH) were utilized to obtain calculat-
ed doses to PTV and OAR, including parotids, cochlea,
spinal cord, brainstem, anterior tongue, pituitary and
brachial plexus. DVH’s for all structures were compared
between IMRT and VMAT plans. In addition the plans
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were compared for dose conformity and homogeneity.
The final treatment plan was chosen by the treating
radiation oncologist.

RESULTS: VMAT was chosen as the ultimate plan
in 18 of 20 patients (90%) because the plans were
thought to be otherwise clinically equivalent. The IMRT
plan was chosen in 2 of 20 patients because the VMAT
plan produced concentric irradiation of the cord which
was not overcome even with an avoidance structure.
For all patients, VMAT plans had a lower number of
average monitor units on average (MU = 542.85) than
IMRT plans (MU = 1612.58) (P < 0.001). Using the
conformity index (CI), defined as the 95% isodose vol-
ume divided by the PTV, the IMRT plan was more con-
formal with a lower conformity index (CI = 1.61) than
the VMAT plan (CI = 2.00) (P = 0.003). Dose homo-
geneity, as measured by average standard deviation of
dose distribution over the PTV, was not different with
VMAT (1.45 Gy) or IMRT (1.73 Gy) (P = 0.069). There
were no differences in sparing organs at risk.

CONCLUSION: In this prospective study, VMAT plans
were chosen over IMRT 90% of the time. Compared to
IMRT, VMAT plans used only one third of the MUs, had
shorter treatment times, and similar sparing of OAR.
Overall, VMAT provided similar dose homogeneity but
less conformity in PTV irradiation compared to IMRT. This
difference in conformity was not clinically significant.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Radiation therapy is a mainstay of treatment for both
early and advanced stage head and neck cancer. Tradi-
tional head and neck conformal radiation therapy, in
addition to problems related to matching of multiple
beams, was often associated with multiple toxicities in-

cluding xerostomia (dry mouth) dysgeusia, hearing loss,
brain necrosis, osteonecrosis of the mandible. To mini-
mize the difficulties of matching multiple beams and
ameliorate toxicities, radiation therapy for most head and
neck cancer has shifted away from traditional conformal
techniques (3DCRT) to fixed-angle intensity modu-
lated radiation therapy (IMRT). IMRT uses multiple
intensity-modulated beams to deliver non-uniform dose
to the target. Beam modulation is created using a multi-
leaf collimator (MLC). Superimposing numerous small
beams produces a dose distribution with better target
dose conformity and better sparing of critical structures
than 3DCRT. IMRT allows the ability to escalate the tar-
get volume dose while reducing the dose to surrounding
normal tissue and sparing organs at risk (OAR). Disad-
vantages of fixed angle IMRT compated to conformal
therapy include: longer radiation delivery time and in-
creased patient exposure to low dose radiation.

Recently, a new version of IMRT, volumetric modu-
lated arc therapy (VMAT) has been developed. In VMAT,
instead of using multiple fixed fields, the radiation is de-
livered in a continuous arc as the linear accelerator rotates
around the patient, while the beam is modulated via the
MLC, variable dose rate and variable gantry speed. Early
reports suggest that VMAT produces dose-distributions
comparable to IMRT for a variety of treatment sites",
While retrospective dosimetric planning studies have
compared the techniques in head and neck cancer™, no
prospective clinical study had been done. As part of the
institutional quality assurance/quality improvement pro-
cess, a prospective study comparing VMAT and IMRT
plans for dose homogeneity, dose conformality and abil-
ity to spare OAR was performed among 20 consecutive
patients with advanced (stage Il and IV) cancers of the
head and neck. The clinically supetior plan was selected
for treatment by the treating radiation oncologist.

MATERIALS AND METHODS

Patient selection and computed tomography simulation
In 2009, 20 consecutive patients with advanced (stage
Il and IV) head and neck tumors wete selected for this

(49

Gz
Raishideng®

WJCO | www.wjgnet.com

58

prospective study. The study was approved by the in-
stitutional review board. Computed tomography (CT)
simulation was performed with patients in the supine
position, a neck cradle was used for support and Aqua-
plast facemask was custom fit for immobilization. CT
imaging was performed from vertex to 2 cm below the
clavicle in 2.5 mm-thick slices. Scans were transferred to
the Eclipse treatment planning station for simultaneous
planning of both IMRT and VMAT treatment plans.

Volume definition

The extent of the primary tumor volume was based on
physical examination of the head and neck, review of
video laryngoscopy, and review of available diagnostic
imaging. Gross tumor volume (GTV) was defined as
the primary tumor volume and involved cervical lymph
nodes (based on enlargement by CT imaging or abnoz-
mal uptake of radiolabeled [18F]-2-fluoro-deoxy-D-glu-
cose (FDG) on PET/CT imaging). All treatment plans
were prescribed to at least two dose levels, a high dose
(HD) and a lower, elective dose (ED). Clinical target vol-
ume receiving a high dose (CTVup) was defined as GTV
plus a 1ecm margin. Clinical target volume receiving an
elective dose (CT'Vep) consisted of clinically-negative bi-
lateral cervical lymph nodes at risk of metastatic disease
plus a 3mm margin. In select cases, when the tumor was
felt to be infiltrative (endophytic) or when the border
was ill defined, an intermediate volume (CTVinr) was
defined slightly larger than CTVHp to prescribe an inter-
mediate dose between the high dose and elective dose.
Planning target volumes (PTVup, PTVEp, PTVint) were
defined as respective clinical target volumes (CTVmb,
CTVep, CTViNt) plus a 3 mm margin for setup errors.
The uninvolved cervical lymph nodes at risk were con-
toured as defined by the Radiation Therapy Oncology
Group (RTOG) consensus guidelines[ql. Segmented OAR
were the parotid glands, spinal cord, brainstem, cerebel-
lum, cochlea, brachial plexus, anterior half of tongue.

Dose prescription

For patients with unresected tumor, PTVup was pre-
scribed to a total dose of 70 Gy in 35 fractions at 2 Gy
per fraction. PTVep was prescribed 56 Gy in 35 fractions
at 1.6 Gy per fraction. When indicated, PTVint was pre-
scribed to anywhere between 60-66 Gy in 35 fractions at
1.7-1.9 Gy per fraction. For patients receiving post-opera-
tive radiation, the primary tumor bed and involved nodes
(PTVhp) was prescribed to a total dose of 66 Gy in 33
fractions at 2 Gy per fraction. PTVep was prescribed to
56 Gy in 33 fractions at 1.7 Gy per fraction. Constraints
for volume coverage and dose limits for OAR used for

IMRT and VMAT planning are described below:

Conventional IMRT and VMAT planning

IMRT plans were generated using 7-10 non-parallel,
non-coplanar fields of 6MV photons using a dynamic
ot sliding window technique. Optimization and dose cal-
culations were performed with Eclipse version 8.1. The
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Table 2 Patient characteristics

Critical structure/organ at risk Dose (Gy)
Ant tongue (1/2 or 1/3) 70
Brainstem 54
Brain - 50% 54
Brachial plexus 60
Spinal cord 45
Cochlea 30
Parotid - 50% 30

PTVs were reduced to 3 mm below the skin surface to
avoid acute dermal toxicitylmj. For optimization, the ob-
jective was to achieve all of the PTV volumes to receive
> 95% of the prescribed dose. Dose constraints for the
OAR were as per policy of the RPCI Radiation Medi-
cine department as guided by Emami ez al" as shown
in Table 1. After optimization, the dose calculation was
performed in Eclipse with the PBC algorithm using a
calculation grid of 2.5 mm. Each VMAT plan consisted
of two full arcs (-179 to 180 degrees), one clockwise
and the second in the counter-clockwise direction. Col-
limator angle was selected between 30 and 45 degrees
to cover the entire PTV. Dosing objectives for the PTV
and OAR were as described for IMRT planning. VMAT
planning was performed in Eclipse version 8.5, using the
AAA calculation algorithm, and the Progressive Resolu-
tion optimization algorithm.

Plan evaluation and selection

Calculated doses to planning target volume (PTV) and
OAR were compared between IMRT and VMAT plans.
Dose-volume histograms (DVH) were utilized to obtain
calculated doses to PTV and OAR, including parotids,
cochlea, spinal cord, brainstem, anterior tongue, pituitary
and brachial plexus, and were compared between IMRT
and VMAT plans. In addition the plans were compatred
for dose conformity and homogeneity. The conformity
index (CI), defined by RTOG 90-05 as the 95% isodose
volume divided by the PTVup was used to assess plan
conformity*"”. Dose homogeneity was measured by
the average standard deviation of dose disttibution over
the entire PTVup. Ultimately, the clinically superior treat-
ment plan was selected by the radiation oncologist and
the prescription dose was normalized an isodose selected
by the radiation oncologist to after review of the dose
coverage of the PTV.

RESULTS

Patient characteristics

All patients included in the study had stage 1 or IV
head and neck cancer. All but 1 of the patients had a
squamous cell carcinoma of the head and neck. One pa-
tient had adenoid cystic carcinoma. Two of 20 patients
had invasive disease or other high risk features that
warranted the prescription of an intermediate dose to a
clinically determined intermediate volume (PTVmnr) and
the average prescribed dose to this volume was 61.5 Gy.
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Pt Pathology/site/stage HD ID ED Plan

1 SCC Oropharynx T3N3 70 56 VMAT
2 SCC Larynx T4NO 70 63 56 VMAT
3 SCC Oropharynx ~ T2N2A 70 60 VMAT
4 SCC Larynx T3N2B 66 66 VMAT
5 sCcC Larynx T3N2C 70 56 VMAT
6 SCC Oropharynx ~ T2N2B 70 56 VMAT
7 SCC Oropharynx T3NO 70 56 VMAT
8 SCC Larynx T4N2C 70 56 VMAT
9 SCC Nasopharynx ~ TIN3 70 60 55 VMAT
10 scC Oropharynx TIN1 66 56 VMAT
11 SCC Larynx T3NO 70 56 VMAT
12 Medullary  Thyroid T4bN1b 66 66 VMAT
13  scC Oropharynx  T4N2C 70 63 VMAT
14 SCC Oropharynx ~ T2N2C 70 56 VMAT
15 SCC  Hypopharynx  T2N3 70 56 VMAT
16  SCC Oropharynx T2N3 70 60 VMAT
17 SCC Larynx T3NO 70 56  IMRT
18  scCC Oropharynx ~ T3N2C 70 56  IMRT
19 scC Oropharynx ~ T3N2B 70 56 VMAT
20 SsCC Oropharynx T2N1 70 56 VMAT

SCC: Squamous cell carcinoma; HD: High dose; ID: Intermediate dose; ED:
Elective dose. VMAT: Volumetric modulated arc therapy; IMRT: Intensity
modulated radiation therapy.

This information is summarized in Table 2.

Plan comparison and selection

VMAT was chosen as the plan to deliver in 18 of 20
patients (90%) because the plans were deemed to be
clinically superior or otherwise clinically equivalent. The
IMRT plan was chosen in 2 of 20 patients because the
VMAT plan produced concentric irradiation of the cord
which was not overcome despite the use of a spinal
cord avoidance structure. An example of a VMAT plan
delivering concentric irradiation is shown in Figure 1.
Table 3 summarizes the number of monitor units (MU)
required by each beam or arc for each IMRT and VMAT
plan respectively. For every patient, the VMAT plan had
a lower number of monitor units when compated to the
respective IMRT plan. Average VMAT MU = 542.85 us
IMRT MU = 1612.58 (P < 0.001). Utilizing the confor-
mity index as a measure of plan conformity, a perfectly
conformal plan is described as CI = 1. Therefore as the
CI approaches 1 the plan is motre conformal. In the 20
patients included in this study, the average conformity
of the VMAT plans (CI = 2.00) were less conformal
when compared to the average conformity of the IMRT
plans (CI = 1.61). This finding was statistically signifi-
cant (P = 0.003). Dose distribution over the PTVup was
on average, more homogeneous in the VMAT plans
(average standard deviation of PTVup dose = 1.45 Gy)
when compared to the IMRT plans (average standard
deviation of PTVup dose = 1.73 Gy). Figure 1 shows
the DVH curves for PTVup for all patients. The mean
IMRT and mean VMAT DVH curves ate plotted against
each other. As shown in this figure, the mean VMAT
DVH has a more homogeneous dose compared to the
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Table 3 Target volume dose delivery analysis of volumetric
intensity-modulated arc therapy (two arcs) and intensity mod-

ulated radiation therapy (seven to ten sliding window fields)
plans

Monitor units Conformity index Dose Homogeneity

Patient VMAT IMRT VMAT IMRT VMAT  IMRT
1 431 2211 1.15 1.19 247 2.59
2 530 1264 2.69 1.85 123 1.78
3 465 1853 1.74 1.97 1.31 2.34
4 584 1681 1.34 1.35 1.61 2.33
5 526 1423 1.69 1.38 1.15 1.95
6 593 1560 2.00 143 1.07 2.01
7 552 2046 1.79 1.66 1.08 2.34
8 522 1579 1.34 1.28 2.06 2.66
9 672 1473 1.72 1.70 0.98 246
10 668 1359 1.90 1.42 2.38 1.91
11 614 1000 3.07 1.67 1.05 0.79
12 533 2047 1.27 1.38 1.92 1.42
13 483 2087 1.86 1.58 141 2.05
14 531 1319 1.65 1.23 1.27 2.06
15 544 1188 241 1.67 1.58 1.27
16 520 1769 2.50 243 1.69 1.06
17 519 1114 3.27 2.39 1.11 1.19
18 542 1273 1.63 1.64 1.31 0.81
19 565 1258 2.16 1.84 144 1.01
20 463 1135 3.95 2.26 0.98 0.58
Mean 54285 1612.58  2.00 1.61 145 1.73
P value <0.001 0.003 0.069

Comparison of monitor units required, conformity using conformity in-
dex and dose homogeneity using standard deviation of dose to PTVup. A
lower CI corresponds to the more conformal plan. A lower standard de-
viation is seen in a more homogeneous plan. VMAT: Volumetric intensity-
modulated arc therapy; IMRT: Intensity-modulated radiation therapy.

mean IMRT DVH (as the VMAT DVH is steeper than
the IMRT DVH). This finding approached, but did not
meet statistical significance (P = 0.069). Table 4 summa-
rizes the mean dose (Dmen) to each of the studied organs
at risk. Statistical significant difference was noted for the
cochlea, however for all other critical structures there
was no clear difference in mean dose. Overall, there were
no differences in sparing organs at risk.

DISCUSSION

This study is the first prospective comparison of VMAT
and IMRT in the actual treatment of advanced head and
neck cancer patients. Ultimately, the VMAT plan was chosen
for 18 of 20 (90%) patients. Compared to IMRT, VMAT
plans used only one third of the MUs, had shorter treatment
times, and similar sparing of OAR. Overall, VMAT plans
trended towatds better dose homogeneity but ultimately
were found to have statistically significant less conformity in
PTV irradiation compared to IMRT plans. This difference
in conformality was not clinically significant.

In contrast to our prospective study which imple-
mented the superior plan in the treatment of patients,
all other reports comparing VMAT and IMRT for treat-
ment planning in cancers of the head and neck have
been retrospectively performed as theoretical exercises
that were not intended to be directly implemented in
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Table 4 Mean dose to organs at risk across all intensity mod-

ulated radiation therapy and volumetric intensity-modulated
arc therapy plans

Mean dose (Gy) P value
IMRT VMAT

Ant tongue 52.7 51.1 0.135
Brainstem 15.3 14.3 0.264
Left cochlea 23.7 18.8 0.002
Right cochlea 224 193 <0.001
Left parotid 46.8 46.5 0.68
Right parotid 47.3 46.7 0.373
Spinal cord 20.4 20.9 0.173

VMAT: Volumetric intensity-modulated arc therapy; IMRT: Intensity-
modulated radiation therapy.

patients. Overall, our results are consistent with the find-
ings of several retrospective planning studies. Verbakel ez
al” found a statistically significant improvement in dose
homogeneity with a similar compromise in conformity.
However, unlike the findings reported here, Verbakel ez
al found an improved sparing of the parotid glands. A
study by Alvarez-Moret ¢z al” found comparable results
between IMRT and double-arc VMAT in four patients.
A third study by Bertelsen e# al® compared IMRT to sin-
gle-arc VMAT found no difference in dose homogeneity
and equal or improved dose conformity with single-arc
VMAT. Several of the metrics used in that study showed
improved sparing of the parotids and spinal cord. The
findings presented here show a significant improvement
in MUs with VMAT using on average 66% of the MUs
of the respective IMRT plan. A comparable reduction
was shown by Verbakel ¢ 2/” but not by Alvarez-Moret
and Bertelsen. Some of these discrepancies may be ex-
plained by the fact that treatment planning was using the
Eclipse planning system for a Varian linear accelerator in
this study and that of Verbakel while the other two ret-
rospective studies utilized Elekta systems.

The studies by Verbakel ¢z a/” and Alvarz-Monet
et al”. compared IMRT plans with both single-arc and
double-arc VMAT plans. Both reported that single-arc
VMAT plans were inferior to double-arc plans and, un-
like the findings of Bertelsen ef al”, single-arc VMAT
plans were worse than IMRT. The double-arc plans were
more comparable to IMRT plans, and as a consequence,
single-arc plans were not included in this study.

In the past, some of the major issues raised with
IMRT replacing the simpler 3D conformal RT plans
were the more complicated treatment setup, and longer
treatment times. However, the benefit to the patient in
reducing xerostomia and other such side effects out-
weighed the drawbacks. With VMAT plans, treatment
times are faster, beam-on times are shorter as evidenced
by the lower number of monitor units on average
with VMAT plans when compared to the IMRT plans.
VMAT plans have less than a third of the number of
monitor units as IMRT plans on average. This should
decrease (though not eliminate) previous concerns about
IMRT plans with higher monitor units leading to in-
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Figure 1 PTVwo dose volume histogram for all volumetric intensity-mod-
ulated arc therapy plans (blue), all intensity modulated radiation therapy
plans (red). The mean intensity modulated radiation therapy dose volume
histogram (DVH) (blue dashed line) is plotted on the same axis as the mean
volumetric intensity-modulated arc therapy DVH (red solid line). PTV: Plan-
ning target volume; VMAT: Volumetric modulated arc therapy; IMRT: Intensity-
modulated radiation therapy.

creased leakage radiation and increased risk of radiation
induced second malignancies"".

VMAT plans, on average, had a lower standard devia-
tion of the dose delivered to the PTVup when compared
to the standard deviation of the IMRT plans. This is
demonstrated by a steeper drop off in the DVH for the
PTVup. The VMAT plans, by virtue of a lower standard
deviation, and steeper drop off, had greater dose homo-
geneity when compared to the IMRT plans. This result
trended towards but did not achieve statistical significance
likely due to the small number of patients accumulated
by this study. The ability to produce a more homogenous
dose could be clinically relevant, by eliminating “cold
spots” within the PTV, may improve not only primary
tumor control but improve loco-tegional control.

However when the plans were compared for confor-
mity, IMRT was found to be more conformal by having
a lower CI when compared to VMAT plans. A review of
the conformity index by Feuvret ¢ a/” discussed the po-
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Figure 2 Example plan evaluation of intensity modulated radiation ther-
apy vs volumetric intensity-modulated arc therapy for patient No.18. The
volumetric intensity-modulated arc therapy plan (right) had dose that wrapped
around the spinal cord despite an avoidance structure. The corresponding in-
tensity modulated radiation therapy plan (left) did not.

tential inaccuracies of the conformity index as defined by
the RTOG, compared to other potential formulae to de-
fine conformity. The RTOG CI was used for this study,
as it is the most commonly used measure seen in the
literature, and as the simplest formula, it is the easiest to
conceptualize. While the flaws inherent to using a single
number to the similarity between two complicated 3D
shapes (PTVabp, 95% isodose volume) are obvious, the
RTOG (I still provided a measure to compare the two
plans. It is not clear whether a small loss of conformity
between IMRT and VMAT planning is relevant to the
overall clinical picture. In a review of the treatment plans,
it was observed that for select patients there was spillage
of the high dose well beyond the PTVup and into the
PTVep as shown in Figure 2. This overflow of dose was
not observed in the respective IMRT plan. Certainly this
contributes to the higher CI of the VMAT plans when
compared to the IMRT plans. At this time, it is not clear
why or how the optimizer allows this overflow. This is an
issue that warrants further study, the results of which will
be published in future follow-up study.

There was no statistically significant difference in the
mean dose delivered by both plans across most OAR
that were studied. Only the cochlea (both left and right)
demonstrated a statistically significant improvement in
sparing dose to a critical structure with VMAT when
compared to IMRT. The apparent loss in conformity as
described eatlier does not appear to worsen the ability
of VMAT to spare critical structures when compared
to IMRT. From this study, VMAT does not underper-
form IMRT in sparing OAR and produces plans that
are comparable to IMRT in sparing OAR. Based on the
findings of this study, and the improvements afforded
by VMAT, currently all head and neck treatment plans
are initially created using VMAT. Fixed-angle IMRT was
performed only when the VMAT plan was found to be
clinically unacceptable. More recently, this has become
an increasingly rare event. Since this initial expetience
with VMAT, several techniques have been utilized at our
institution to eliminate some of the issues found here,
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and have resulted in an improvement in the conformity
of the VMAT plans. These techniques will be utilized to
retrospectively create new VMAT plans for the patients
in this study and an update on this VMAT experience
will be published in the near future.

In this prospective study, we set out to describe a sin-
gle institution’s initial clinical implementation experience
with VMAT compared to current standard IMRT for ad-
vanced stage head and neck carcinomas. VMAT allowed
faster treatment times and used 66% lower monitor units
when compared to IMRT. Analysis of the treatment
plans showed that VMAT plans were less conformal than
IMRT plans. This is possibly due to spillage of higher
dose outside of the PTVup and into the PTVep. The
VMAT plans trended toward a more homogeneous dose,
but did not meet statistical significance. OAR sparing by
VMAT plans was comparable to IMRT plans. Ultimately,
90% of patients were treated with a VMAT plan that was
either superior to, or comparable to its respective IMRT
plan, as selected by the treating radiation oncologist.
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Abstract

A 70-year-old man was referred to our hospital due to
abnormal liver function. A tumor of 92 mm x 61 mm
was detected on ultrasound screening of the left liver
lobe. Although the tumor was suspected to be intrahe-
patic bile duct carcinoma, he had chronic heart disease
and was unable to undergo surgery. Therefore, he was
followed without further testing. No increase in tumor
serum markers or tumor size was observed for the
subsequent 7 years. We continued to suspect intrahe-
patic bile duct carcinoma, and we decided to perform a
tumor biopsy. Tumor biopsy findings indicated intrahe-
patic bile duct adenoma (BDA), which is a rare benign
epithelial liver tumor typically ranging from 1 mm to
20 mm. We herein report a case of very large BDA fol-
lowed for 7 years.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION

Intrahepatic bile duct adenoma (BDA) is a rare, benign epi-
thelial liver tumor that typically ranges in size from 1 mm to
20 mm'", BDA is mainly found incidentally at laparotomy or
autopsy' . Here, we report a case of very large BDA (about

90 mm in diameter) that was followed for 7 years.

CASE REPORT

A 70-year-old man was referred to our hospital due to
liver dysfunction (Table 1). Although no liver failure was
shown, mild increased serum ALP and y-GTP were ob-
served. A tumor of 92 mm X 61 mm was observed on
ultrasound screening of the left liver lobe. Unenhanced
abdominal computed tomography (CT) showed a tumor
of the same size with dilation of the peripheral bile duct,
while dynamic contrast-enhanced CT revealed heteroge-
neous enhancement in the venous phase (Figure 1). Al-
though the tumor was suspected to be intrahepatic bile
duct carcinoma, he had chronic heart disease and was
unable to undergo surgery. Therefore, he was followed
without further testing. No increase in serum tumor
markers, such as CEA and CA19-9, or in tumor size was
observed during the subsequent 7 years.
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Figure 1 Unenhanced and enhanced computed tomography images. A: Plain; B: Arterial phase; C: Equilibrium phase; D: Venous phase. Enhanced abdominal
computed tomography scan showed a tumor of 92 mm x 61 mm in the left liver lobe, with dilatation of the peripheral bile duct. In addition, tumor showed more hetero-

geneous enhancement in the venous phase.

Table 1 Laboratory data at initial hospitalization

WBC 7000/uL BS 100 mg/dL
Neutro 60.9% CRP 0.72 mg/dL
Eosin 3.6% Na 139 mEq/L
Baso 0.5% K 45 mEq/L
Mono 9.1% Cl 103 mEq/L
Lympho 25.9% CEA 2.5ng/mL
RBC 413 x 10'/ul CA19-9 46 U/mL
Hb 12.8 g/dL Alb 42¢g/dL
Ht 41.2% BUN 20.8 mg/dL
Plt 19.8 x 10*/uL Cr 1.07 mg/dL
TP 8.4 ¢g/dL D-Bil 0.1 mg/dL
T-Bil 0.9 mg/dL ALT 12IU/L
AST 221U/L ALP 360 U/L

PT 56% y-GTP 168 IU/L
ChE 274 U/L

WBC: White blood cell; BS: Blood suger; CRP: C-reactive protain; CEA:
Carcinoembryonic antigen; BUN: Blood urea nitrogen ; ALT: Aspartate
aminotransferase; ALP: Alkaline phosphatase; AST: Alanine aminotrans-
ferase; PT: Protronbin time; TP: Total protain; RBC: Red blood cell.

At that point, hepatic arterial angiography, abdominal
CT angiography, gadolinium ethoxybenzyl diethylene-
triamine pentaacetic acid (Gd-EOB-DTPA)-enhanced
abdominal magnatic resonance image (MRI) and tumor
biopsy were performed in order to confirm the diagnosis
of intrahepatic bile duct carcinoma. Hepatic arterial an-
giography and CT angiography showed a hypervascular
tumor of the left liver lobe with an enhancement effect
persisting into the late phase, suggesting that this tumor
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had rich fibrous tissues (Figure 2). MRI confirmed that
the tumor showed heterogeneous high intensity on T2-
weighted images (Figure 3B) and low intensity on T1-
weighted images (Figure 3A). Contrast-enhanced EOB
MRI revealed that this tumor had relative hypointensity
in comparison with the normal liver parenchyma on equi-
librium and hepatobiliary phase (Figure 3C and D). Bi-
opsy findings showed that the tumor consisted of small
heterogeneous tubular ducts with fibrous tissues, without
cell atypia or mitotic activity. Thus, diagnosis was con-

firmed as BDA (Figure 4).

DISCUSSION

Although the actual incidence of BDA is unknown, it is
a rare, benign and asymptomatic tumor of the liver, and
1s typically found incidentally"™. Most BDAs are subcap-
sular, ranging from 1 mm to 20 mm in diameter". How-

evet, in the present case, the tumor was very large, at 90
mm in diameter. Therefore, we initially suspected tumor
intrahepatic bile duct carcinoma, and believed the patient
to be end-stage. Thus, we followed him without treat-
ment over a 7-year follow-up period.

Although various abdominal imaging approaches have
been reported, most BDAs show hypervascular charac-
teristics consisting of prolonged enhancement®”. Our
case showed the same findings as in these reports, and
it was suggested that the delayed or prolonged enhance-
ment on dynamic CT and MRI was due to the fibrous

April 10,2012 | Volume 3 | Issue 4 |
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Figure 2 Follow-up hepatic arterial angiography and computed tomography images after 7 years. A: Hepatic arterial angiography showed hypervascular tumor
of left liver lobe; B: Computed tomography (CT) angiography (portal phase) showed portal vascularity defect in the tumor; C-D: CT angiography (C: Arterial early
phase; D: Arterial late phase) showed hypervascularity and a persistent enhancement effect.

Figure 3 Follow-up magnatic resonance image images after 7 years. A: Large tumor of left lobe showed low intensity on T1-weighted images; B: Large tumor of
left lobe showed heterogeneous high intensity on T2-weighted images; C-D: Large tumor of left lobe showed relative hypointensity in comparison with normal liver
parenchyma on equilibrium and hepatobiliary phase of contrast-enhanced EOB magnatic resonance image.

K
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Figure 4 Tumor biopsy findings. Tumor consisted of small heterogeneous tubular ducts with fibrous tissues, without cell atypia or mitotic activity. A: Hematoxylin

and eosin stain (% 400); B: Masson trichrome stain (< 400).

stroma within the tumot®. However, it has also been
reported that the differential diagnosis between BDA and
malignant tumor is very difficult using radiological meth-
ods"”. In addition, although we obtained liver biopsy
samples from some areas of the tumor, there may have
been sampling errors due to the large tumor size and het-
erogeneous enhanced pattern. Therefore, we believe that
this patient requires further follow-up.

To our knowledge, this is the first report of a very
large BDA, and we confirmed no changes in size over a
7-year follow-up period. Although rare, BDA should be
considered in the differential diagnosis of hepatic hyper-
vasculat tumots.
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lic without registration, which eliminates the obstacle that traditional
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and communication of scientific research results. The open access
model has been proven to be a true approach that may achieve the
ultimate goal of the journals, i.c. the maximization of the value to
the readers, authors and society.

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
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peer review of an unpublished scientific article # online office sys-
tem to evaluate its innovativeness, scientific and practical values and
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put peer reviewers’ names and affiliations along with the article they
reviewed in the journal to acknowledge their contribution; (2) Maxi-
mization of the benefits of authors: Since WJCO is an open-access
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communication between authors and peers as well as public reading; (3)
Maximization of the benefits of readers: Readers can read or use, free
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achievements, thus ensuring that their articles have novel arguments or
viewpoints, solid evidence and correct conclusion; and (4) Maximiza-
tion 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 strength-
ening our team cultivation and construction so that every employee,
in an open, fair and transpatrent environment, could contribute their
wisdom to edit and publish high-quality articles, thereby realizing the
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monographs of oncology; and (13) Guidelines: To introduce consen-
suses and guidelines reached by international and national academic
authorities worldwide on the research oncology.
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SPECIAL STATEMENT

All articles published in this journal represent the viewpoints of the
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,
ete. 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 homoge-
neous data can be averaged. Standard deviations are preferred to
standard errors. Give the number of observations and subjects ().
Losses in observations, such as drop-outs from the study should be
reported; (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 reviewers assess any po-
tential bias, I/7JCO requires authors of all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests
in trelation to the submitted work. Referees are also asked to indi-
cate 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 serv-
ing as a speaker, a consultant and an advisory board member for [names
of otganizations], and has received tesearch funding from [names of
organization|. [Name of individual] is an employee of [name of or-
ganization]. [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. Authors should also draw attention to the Code of Ethics
of the Wotld Medical Association (Declaration of Helsinki, 1964, as
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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 conform to Good Clini-
cal 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
Ttials) and/or the Wotld Medical Association Declaration of Hel-
sinki. Generally, we suggest authors follow the lead investigator’s na-
tional 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 accompa-
nied by a statement that the experiments were undertaken with the
understanding and appropriate informed consent of each. Any per-
sonal item or information will not be published without explicit con-
sents from the involved patients. If experimental animals were used,
the materials and methods (experimental procedures) section must
clearly indicate that appropriate measures were taken to minimize
pain or discomfort, and details of animal care should be provided.

SUBMISSION OF MANUSCRIPTS

Manuscripts should be typed in 1.5 line spacing and 12 pt. Book An-
tiqua with ample margins. Number all pages consecutively, and start
each of the following sections on a new page: Title Page, Abstract, In-
troduction, Materials and Methods, Results, Discussion, Acknowledge-
ments, References, Tables, Figures, and Figure Legends. Neither the
editors nor the publisher are responsible for the opinions exptessed by
contributors. Manuscripts formally accepted for publication become
the permanent property of Baishideng Publishing Group Co., Lim-
ited, 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
manusctipts. 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 per-
formance and reporting of clinical trials, we endorse the policy of the
ICMJE 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://wwwclinicaltrials.
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 se-
crecy of research is protected.

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

Online submissions

Manuscripts should be submitted through the Online Submission
System at: http:/ /www.wjgnet.com/2218-43330ffice. Authors ate
highly recommended to consult the ONLINE INSTRUCTIONS
TO AUTHORS (http://www.wjgnet.com/2218-4333/g_info_
20100722172206.htm) before attempting to submit online. For
assistance, authors encountering problems with the Online Submi-
ssion System may send an email describing the problem to wico@
wijgnet.com, or by telephone: +86-10-85381892. 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

April 10,2012 | Volume 3 | Issue 4 |



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. Au-
thors should meet conditions 1, 2, and 3.

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 au-
thor may be represented from two institutions, for example, George
Sgourakis, Department of General, Visceral, and Transplantation
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 IWJCO, 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
University, Chengdu, Sichuan Province, China.
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Instructions to authors

Abstract

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

An informative, structured abstracts of no less than 480 words
should accompany each manuscript. Abstracts for original contri-
butions 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/...; MATERI-
ALS AND METHODS (no less than 140 words); RESULTS (no
less than 294 words): You should present P values where appropri-
ate and must provide relevant data to illustrate how they were ob-
tained, 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 reflect the content of the study.

Text

For articles of these sections, original articles and brief articles, the
main text should be structured into the following sections: INTRO-
DUCTION, 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/2218-4333/¢_info_listhtm.

Hlustrations

Figures should be numbered as 1, 2, 3, ¢#., and mentioned clearly
in the main text. Provide a brief title for each figure on a sepa-
rate 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 Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples
can be found at: http://www.wignet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wignet.com/1007-9327/13/4891.pdf; http://www.
wignet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is
necessary in line-art image. Scale bars should be used rather than
magnification factors, with the length of the bar defined in the
legend rather than on the bar itself. File names should identify
the figure and panel. Avoid layering type directly over shaded or
textured areas. Please use uniform legends for the same subjects.
For example: Figure 1 Pathological changes in atrophic gastritis
after treatment. A: ...; B: .; C: .; D: s Eo L B GrLllete Tt s
our principle to publish high resolution-figures for the printed and
E-versions.

Tables

Three-line tables should be numbered 1, 2, 3, e#., 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
'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, A\, e« in a certain
sequence.
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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.

REFERENCES

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 squate brackets should be
typeset normally. For example, “Crohn’s disease (CD) is associated
with increased intestinal permeability!””. If references are cited
directly in the text, they should be put together within the text, for
example, “From references!"”**Y 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 authot’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.ctossref.
otg/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 E Evaluation of quantitative con-
trast 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/wjg13.
6350]

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

2 Lin GZ, Wang X7, Wang P, Lin J, Yang FD. Immunologic
effect of Jianpi Yishen decoction in treatment of Pixu-diar-
thoea. Shijie Huaren Xiaohna Zazhi 1999; T: 285-287

In press

3 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. Signature
of balancing selection in Arabidopsis. Proc Natl Acad Sci USA
2006; In press

Organization as anthor

4  Diabetes Prevention Program Research Group. Hyperten-
sion, insulin, and proinsulin in participants with impaired glu-
cose tolerance. Hypertension 2002; 40: 679-686 [PMID: 12411462
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PMCID:2516377 DOI:10.1161/01.HYP.0000035706.28494.
09]

Both personal anthors and an organigation as author

5  Vallancien G, Emberton M, Harving N, van Moorselaar RJ;
Alf-One Study Group. Sexual dysfunction in 1, 274 European
men suffering from lower urinary tract symptoms. | Uro/
2003; 169: 2257-2261 [PMID: 12771764 DOI1:10.1097/01 ju.
0000067940.76090.73]

No anthor given

6 21st century heart solution may have a sting in the tail. BM]
2002; 325: 184 [PMID: 12142303 DOI:10.1136/bmj.325.
7357.184

Volume with supplement

7  Geraud G, Spierings EL, Keywood C. Tolerability and safety
of frovatriptan with short- and long-term use for treatment
of migraine and in comparison with sumatriptan. Headache
2002; 42 Suppl 2: $93-99 [PMID: 12028325 DOI: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:10.10
97/00003086-200208000-00026]

No volume or issue

9 Outreach: Bringing HIV-positive individuals into care. HRS.A
Careaction 2002; 1-6 [PMID: 12154804|

Books

Personal author(s)

10  Sherlock S, Dooley J. Diseases of the liver and billiary system.
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 computa-
tional effort statistic for genetic programming. In: Foster JA,
Lutton E, Miller |, Ryan C, Tettamanzi AG, editors. Genetic
programming. EuroGP 2002: Proceedings of the 5th Euro-
pean 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.cde.gov/
ncidod/eid/index.htm

Patent (list all authors)

16 Pagedas AC, inventor; Ancel Surgical R&D Inc., assi-
gnee. Flexible endoscopic grasping and cutting device
and positioning tool assembly. United States patent US
20020103498. 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 7 (in italics), and probability as P (in

italics).
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Units
Use SI units. For example: body mass, m (B) = 78 kg; blood pres-
sure, 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 pg/L; CO, volume
fraction, 50 mL/L CO,, not 5% CO,; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, ex. Arabic
numetrals 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/2218-4333/
g info_20100723153305.htm.

Abbreviations

Standard abbreviations should be defined in the abstract and on first
mention in the text. In general, terms should not be abbreviated
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 abbteviations, 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: # time or temperature, ¢ concentration, 4 area, /length,
m mass, 17 volume.

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

Restriction enzymes: EcwRI, Hindl, BawHI, Kbo 1, Kpn 1, ete.

Biology: H. pylori, E coli, ete.

Examples for paper writing
Editorial: http://www.wjgnet.com/2218-4333/g_info_201007
23140942.htm

Frontier: http://www.wjgnet.com/2218-4333/¢_info_201007
23141035.htm

Topic highlight: http:/ /www.wjgnet.com/2218-4333/¢_info_2010
0723141239 .htm

Observation: http://www.wignet.com/2218-4333/¢_info_201007
23141532.htm

Guidelines for basic research: http:/ /wwwwijgnet.com/2218-4333/
g _info_20100723142040.htm

Guidelines for clinical practice: http://www.wjgnet.com/2218-
5836/¢_info_20100723142248.htm

Review: http://www.wjgnet.com/2218-4333/g_info_201007
23145519.htm

Original articles: http://wwwwignet.com/2218-4333/¢_info_2010
0723145856.htm

Brief articles: http://www.wjgnet.com/2218-4333/¢_info_201007
23150253.htm

Case report: http://wwwwijgnet.com/2218-4333/¢_info_201007
23150420.htm

Lettets to the editor: http://wwwwjgnet.com/2218-4333/¢g_info_
20100723150642.htm

Book reviews: http://wwwwignet.com/2218-4333/¢_info_201007
23150839.htm
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Guidelines: http://www.wijgnet.com/2218-4333/¢_info_201007
23150924.htm

SUBMISSION OF THE REVISED
MANUSCRIPTS AFTER ACCEPTED

Please revise your article according to the revision policies of WJ]CO.
The revised version including manuscript and high-resolution image
figures (if any) should be te-submitted online (http://www.wignet.
com/2218-43330ffice/). The author should send the copyright
transfer letter, responses to the reviewers, English language Grade B
certificate (for non-native speakers of English) and final manuscript
checklist to wjco@wjgnet.com.

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 lan-
guage 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 Copytight assignment form from http://www.
wjgnet.com/2218-4333/¢_info_20100723153117 htm.

Responses to reviewers

Please revise your article according to the comments/suggestions
provided by the reviewers. The format for responses to the reviewers’
comments can be found at: http://www.wignet.com/2218-4333/
g_info_20100723152755.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

IW]CO 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 rap-
idly at EurckAlert/AAAS (http://www.eurckalert.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

WJCO is an international, peer-reviewed, Open-Access, online journal.
Articles published by this journal are distributed under the terms of
the Creative Commons Attribution Non-commercial License, which
permits use, distribution, and reproduction in any medium, provided
the original work is properly cited, the use is non commercial 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, brief articles, book reviews and letters to
the editor are published free of charge.
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