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Carbonic anhydrases (CA, EC 4.2.1.1) catalyze the in-
terconversion bewteen carbon dioxide and bicarbonate
with generation of protons. The carbonic anhydrase INTRODUCTION
isozyme IX (CA IX) is highly overexpresed in hypoxic
tumors and shows very restricted expression in normal 4 i !
tissues. CA IX is a dimeric protein possessing very high <Al systems, injorgqanisms all over the phylogenetic trec.
catalytic activity for the hydration of carbon dioxide  Its reaction with watyer is a slow process at the physi-
to protons and bicarbonate. Its quaternary structure  ©logical pH, and it needs the presence of a catalysts
is unique among members of this family of enzymes, to become effective. These catalysts are the carbonic
allowing for structure-based drug design campaigns  anhydrases (CAs, EC 4.2.1.1), a superfamily of metallo-
of selective inhibitors. Inhibition of CA IX with sulfon-  enzymes which evolved at least 5 times independently in
amide and/or coumarin inhibitors was recently shown  diufferent organisms'”. In mammals, including humns,
to lead to a potent retardation for the growth of both  only a-CAs are present”, but 16 different isozymes
primary tumors and metastases. Some fluorescent sul- have been characterized to date, which differ in their
fonamides were shown to accumulate only in hypoxic subcellular localization, catalytic activity, and susceptibil-
tumor cells overexpressing CA IX, and might be used ity to different classes of inhibitors. There are cytosolic
as diagnostic tools for imaging of hypoxic cancers. isozymes (CA T, CA T, CA TI, CA VI and CA XTI),
Sulfonamide inhibitors were also more effective in membrane bound ones (CA IV, CA IX, CA X1I and
inhibiting the growth of the primary tumors when as- CA XIV), mitochondrial (CA VA and CA VB) and se-
sociated with irrdiation. CA IX is thus both a diagnostic creted (CA VI) isoforms. Three acatalytic forms, called
and therapeutic validated target for the management CA-related proteins (CARPs), CARP VI, CARP X and
of hypoxic tumors normally non-responsive to classical ~ CARP XI, are also known'. In humans, CAs are present

CO:z is a fundamental chemical species in many biologi-
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in a large variety of tissues such as the gastrointestinal
tract, the reproductive tract, the nervous system, kidneys,
lungs, skin and eyes”’Z]. Most CAs are very efficient cata-
lysts for the reversible hydration of carbon dioxide to
bicarbonate and protons (CO2 + H20 <> HCOs + H),
which is the only physiological reaction in which they are
involved'".

Many CA isoforms are involved in critical physiolog-
ic processes such as respiration and acid-base regulation,
electrolyte secretion, bone resorption, calcification and
biosynthetic reactions which require bicarbonate as a
substrate (lipogenesis, gluconeogenesis, and ureagen-
esis)!. Two CA isozymes (CA IX and CA XII) are pre-
dominantly associated with and overexpressed in many
tumors, being involved in critical processes connected
with cancer progression and response to therapy[wl. CA
IX is confined to few normal tissues (stomach and body
cavity lining), but it is ectopically induced and highly
overexpressed in many solid tumor types, through the
strong transcriptional activation by hypoxia, accom-
plished »ia the hypoxia inducible factor-1 (HIF-1) tran-
scription factor™¥. The detailed mechanism by which
HIF-1a leads to the potent overexpression of CA IX in
hypoxia was discussed in an earlier review!'. In contrast
to other a-CAs, CA IX is a multidomain protein formed
of a short intracytosolic tail, one transmembrane seg-
ment, an extracellular CA domain and a proteoglycan
(PG)-like domain composed of 68 amino acid resi-
dues*™. Expression of CA IX is strongly increased in
many types of tumors, such as gliomas/ependymomas,
mesotheliomas, papillary/follicular carcinomas, as well
as carcinomas of the bladder, uterine cervix, kidneys,
esophagus, lungs, head and neck, breast, brain, vulva,
and squamous/basal cell carcinomas, among others. In
some cancer cells, the VHL gene is mutated leading to
the strong upregulation of CA IX (up to 150-fold) as a
consequence of constitutive HIF activation”"”. On the
other hand, as this protein is present in extremely low
amounts only in few normal tissues such as the gastric
mucosa (whereit seems to be in a catalytically inactive
state) inhibitors of CA IX may show less side effects
compared to other anticancer druigs which interact with
their target both in the normal and cancerous tissues'.
As the role of CA XII in cancer is less understood at this
moment, in this review only CA IX will be discussed.

CATALYTIC ACTIVITY OF CA IX PLAYS A

ROLE IN TUMOR ACIDIFICATION

The expression of CA IX is strongly up-regulated by
hypoxia and is down-regulated by the wild-type von Hip-
pel-Lindau tumor suppressor protein (pVHL)* """ The
transcription factor HIF-1 is a heterodimer consisting of
an inducible subunit (HIF-1a) and a constitutively ex-
pressed subunit (HIE-1p)™"*">Y, HIF-1 activation under
hypoxia is achieved by stabilization and/or expression of
the o-subunit. Oxygen-dependent prolyl-4-hydroxylase
domains (PHD) covalently modify a HIF-1a domain
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known as the oxygen-dependent degradation domain,
by hydroxylating proline residues. Hypoxia attenuates
proline hydroxylation due to inactivity of PHD in the
absence of oxygen, resulting in HIF-1a stabilization and
non-recognition by pVHL. The association of HIF-la
with the B-subunit leads to the formation of HIF-1 and
expression of target genes that contain HRE (hypoxia
responsive element) sites, including glucose transport-
ers (GLUT-1 and GLUT-3), vascular endothelial growth
factor, which triggers neoangiogenesis, and, last but not
least, CA IX, which is involved in pH regulation and cell
adhesion",

The overall consequence of the strong CA IX over-
expression is the pH imbalance of the tumor tissue, with
most hypoxic tumors having acidic extracellular pH (pHe)
values around 6.5, in contrast to normal tissue which has
characteristic pHe values around 7.4. The role played by
CA IX in such acidification processes of hypoxic tumors
was recently demonstrated by our and Pastorekova’s
groupsm]. Using Madin-Darby canine kidney epithelial
cells, Svastova and colleagues proved that CA IX is able
to decrease the pHe of these cultivated cells. CA IX se-
lective sulfonamide inhibitors (of type 1 and 2) reduced
the medium acidity by inhibiting the catalytic activity of
the enzyme, and thus the generation of H' ions, binding
specifically only to hypoxic cells expressing CA IX. Dele-
tion of the CA active site was also shown to reduce the
medium acidity, but a sulfonamide inhibitor did not bind
to the active site of such mutant proteins'”. Therefore,
tumor cells decrease their pHe both by production of
lactic acid (due to the high glycolysis rates), and by CO:
hydration catalyzed by the tumor-associated CA IX, pos-
sessing an extracellular catalytic domain. Low pHe has
been associated with tumorigenic transformation, chro-
mosomal rearrangements, extracellular matrix break-
down, migration and invasion, induction of the expres-
sion of cell growth factors and protease activation ",
CA IX probably also plays a role in providing bicarbon-
ate to be used as a substrate for cell growth, whilst it is
established that bicarbonate is required in the synthesis
of pyrimidine nucleotides'*"".

The crystal structure of the catalytic domain of hu-
man CA IX, was recently reported by this group!”. As
for other a-CAs, the CA IX catalytic domain appeared as
a compact globular domain, with an ovoid shape of 47
X 35 x 42 A’ in size. CA IX has a 3D fold characteristic
of other a-CAs, for which the structure has been solved
" in which a ten-stranded antiparallel-sheet
forms the core of the molecule. An intramolecular di-
sulfide bond, which is common to the other membrane-
associated a-CAs (CA IV, CA XII and CA XIV), was
observed between Cys23 and Cys203""'"". The active site
details, including the Zn(Il) coordination (by His 94, 96,
119 and a water molecule), proton shuttle residue (His64)
as well as amino acid residues involved in binding of in-
hibitors are rather similar with those of other o-CAs™'".
Thus, Leu91, Val121, Val131, Leul35, Leul41, Val143,
Leu198 and Pro202 define the hydrophobic region of
ther active site, whereas Arg58, Arg60, Asn62, His64,

earlier
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Ser65, GIn67, Thr69, and GIn92 identify the hydro-
philic one. The crystallographic data showed the dimeric
nature of the enzyme, which has been inferred from
previous experiments reported by Hilvo ez al®. Tndeed,
two identical dimers, resulting from a Cys41-mediated
intermolecular disulfide bond between two adjacent
monomers, were observed in the asymmetric unit of the
crystalsm. The dimer assembly, by means of an intermo-
lecular disulfide bond, is consistent with the proposed
function of the enzyme in tissues where its expression
has been reported, as both active sites of the dimer are
clearly exposed to the extracellular medium, being thus
able to efficiently hydrate COz. In addition, the N-termi-
nal regions of both monomers are located on the same
face of the dimer, while both the C-termini are situated
on the opposite face. This structural organization allows
for concomitant positioning of both PG domains, at the
entrance to the active site clefts, oriented toward the ex-
tracellular milieu to mediate cell interaction, and of both
C-terminal transmembrane portions for proper CA IX
anchoring to the cell membrane. Furthermore, the posi-
tion of the PG portion, at the border of the active site,
suggests a further role of this domain in assisting CA
domain-mediated catalysis. Indeed, as shown recently by
our group[181 the CO2 hydrase activity of the CA IX full
length has an optimum at a pH of 6.5 (typical of hypox-
ic solid tumors) whereas that of CA IX catalytic domain
(similarly to that of CA I or CA II) has an optimum at
pH around 7" Thus, the PG domain, which is rich in
acidic amino acid residues (26 dicarboxylic amino acids,
Asp and Glu, on a total of 58 amino acid residues form-
ing the PG domain) was postulated to act as an intrinsic
buffer of this enzyme, which facilitates the COz hydra-
tion reaction at acidic pH values which are one of the

main features of hypoxic tumors' ",

CA IX INHIBITORS ACCUMULATE IN
HYPOXIC TUMORS AND IMPAIR THEIR
GROWTH AND METASTASIS GROWTH

Many sulfonamide/sulfamate/sulfamide and coumarin
CA inhibitors (CAls) were reported to efficiently target
CA IX in recent years'”™. The compounds specifically
designed for targeting CA IX, which were important to
understand its role in tumorigenesis were, among others:

(1) fluorescent sulfonamides, used for imaging purposes
and for determining the role of CA IX in tumor acidi-
ﬁcation[13’16’22’24’3m; (2) positively or negatively-charged
compounds, which cannot cross plasma membranes due
to their charged character and thus inhibit selectively
only extracellular CAs, among which CA X520 (3)
urcido-substituted benzenesulfonamides with potent
antitumor effects both for the primary tumor and metas-
tases (in animal models)”"*"; and (4) diverse chemotypes
than the sulfonamides and their bioisosteres, such as the
P23 which showed notable inhibition for the

growth of the primary tumors and impair metastases
[36]

coumarins

formation in animal models of hypoxic tumors
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Some of the most interesting CA IX inhibitors avail-
able initially, were the compounds investigated by Svas-
tova et al" (possessing structures 1 and 2) for their 7
vivo role in tumor acidification. These compounds pres-
ent a special interest because derivative 1 is a fluorescent
sulfonamide with high affinity for CA IX (K1 of 24
nmol/L)”’m, which was shown to be useful as a fluores-
cent probe for hypoxic tumors'™>'***! This inhibitor
binds to CA IX only under hypoxia 7# vivo, in cell cultures
or animals with transplanted tumors' '+, Although
the biochemical rationale for this phenomenon is not
understood in details, these properties may be exploited
for designing diagnostic tools for the imaging of hypoxic
tumors' **. Indeed, Dubois e a/'*** showed the ac-
cumulation of 1 only in the hypoxic regions of animals
with transplanted hypoxic colorectal tumors (see discus-
sion later in the text).

Compound 2 belongs to type II mentioned above,
of permanently charged, membrane-impermeant de-
rivatives, and is also a very strong CA IX inhibitor (Ki
of 14 nmol/L)"*. Tt belongs to the class of positively
charged, membrane-impermeant compounds previously
reported by our group“’zg], which are highly attractive for
targeting CA IX with its extracellular active site, since
such compounds do not inhibit intracellular CAs, and
may thus lead to drugs with less side effects as compared
to the presently available compounds which indiscrimi-
nately inhibit all CAs'".

The in vivo proof of concept that sulfonamide CA IX
inhibitors may indeed show antitumor effects, has been
first published by Neri’s group”™. By using membrane-
impermeant derivatives of types 3 and 4, based on the
acetazolamide scaffold to which either fluorescein-car-
boxylic acid or albumin-binding moieties were attached,
this group demonstrated the strong tumor retardation (in
mice with xenografts of a renal clear cell carcinoma line,
SK-RC-52) in animals treated for one month with these
CA inhibitors™.

The same groupﬁs} also reported the proof-of-con-
cept study showing that human monoclonal antibodies
targeting CA IX can also be used for imaging of hypoxic
tumors. The generation of high-affinity human mono-
clonal antibodies (A3 and CC7) specific to hCA IX, using
phage technology has been reported[35]. These antibodies
were able to stain CA IX ex vivo and to target the cognate
antigen 7z vivo. In one animal model of colorectal cancer
studied (LS174T), CA IX imaging closely matched pimo-
nidazole staining, with a preferential staining of tumour
areas characterised by little vascularity and low perfusion.
These new human anti-CA IX antibodies are expected
thus to be non-immunogenic in patients with cancer and
might serve as broadly applicable reagents for the non-
invasive imaging of hypoxia and for pharmacodelivery
applicationsm] (Figure 1).

The same conclusion has been reached by our and
Lambin’s groups by using small molecule CA IX-selec-
tive inhibitors of the type 1", Fluorescent sulfonamides
1 with a high affinity for CA IX have been developed
and shown to bind to cells only when CA IX protein

July 10,2012 | Volume 3 | Issue 7 |
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Figure 1 The strctures of 1-10. 1: KI (CA IX) = 24 nmol/L; 2: Kl (CA IX) = 14
nmol/L.

was expressed and while cells were hypoxic"). NMRI-nu
mice subcutaneously transplanted with HT-29 colorectal
tumours were treated with 7% oxygen or with nicotin-
amide and carbogen and were compared with control
animals. Accumulation of sulfonamide 1 was monitored
by non-invasive fluorescent imaging. Specific accumula-
tion of 1 could be observed in delineated tumour areas
as compared with a structurally similar non-sulfonamide
analogue incorporating the same scaffold (i.e., a deriva-
tive with the same structure as compound 1 but without
the SO2NH:2 moiety). Administration of nicotinamide
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and carbogen, decreasing acute and chronic hypoxia,
respectively, and prevented accumulation of 1 in the tu-
mor. When treated with 7% oxygen breathing, a 3-fold
higher accumulation of 1 was observed. Furthermore,
the bound inhibitor fraction was rapidly reduced upon
tumour reoxygenation. Such 7 vivo imaging results con-
firm previous 7 vitro data demonstrating that CAI bind-
ing and retention require exposure to hypoxia. Fluores-
cent labelled sulfonamides may thus provide a powerful
tool to visualize hypoxia response in solid tumors. An
important step was thus made towards clinical applica-
bility, indicating the potential of patient selection for CA
IX-directed therapies' .

Dubois ¢z al’” also recently showed that combining
sulfonamide CA IX inhibitors with tumor irradiations
hase an enhanced antitumor effect in mice bearing HT29
colorectal transplanted tumors.

More recently, sulfonamide 1 has also been shown to
significantly decrease the growth of primary tumors in
the 4T1 mouse metastatic breast cancer animal model by
Lou et a™. However, an even stronger effect has been
observed with an ureido sulfonamide (compound 9)
which at pharmacological doses of 15-30 mg/kg strongly
inhiibted both the growth of the primary 4T1 tumor, as
well as the formation of lung metastases” . It is inter-
esting to note that the 4T1 model tumors overexpress a
very high amount of CA IX. The same study also used
another mouse breast tumor cell line, the 67R1 line,
which does not express at all CA IX. Indeed, the animals
harboring these tumors were treated with sulfonamide or
coumarin CA IX inhibitors but no influence of the tu-
mor growth has been observed, which represents a clear-
cut proof of concept that inhibition of CA IX is indeed
responsible for the tumor/metastases growth inhibition
with these compoundsm.

Coumarin and thiocoumarins were only recently
discovered to act as CAls, and their inhibition mecha-
nism deciphered in detail by one of our groups™. We
demonstrated recently that the natural product 6-(15-
hydroxy-3-methylbutyl)-7-methoxy-2H-chromen-2-one
5 as well as the simple, unsubstituted coumarin 6 are hy-
drolyzed within the CA active site with formation of the
2-hydroxy-cinnamic acids 7 and 8, respectively, which
represent the de facto enzyme inhibitors™”. Some oth-
er interesting facts emerged during such studies: (1) this
new class of CAIs, the coumarins/thiocoumarins, binds
in hydrolyzed form at the entrance of the CA active site
and does not interact with the metal ion, constituting
thus an entirely new category of mechanism-based in-
hibitors; and (2) it is possible to obtain highly isoforms-
selective CATs belonging to the coumarin/thiocoumarin
class. Indeed, we reported coumarins which selectively
inhibit CA IX and XII, without inhibition of CA [ and
II (the main offtarget isoforms) 923638

One of these detivatives, a glycosyl coumarin (com-
pound 10) strongly inhibited the growth of the primary
tumor and the formation of metastases in the same 4T1
animal model of hypoxic tumor overexpressing high
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amounts of CA IX, whereas in a breast cancer cell line
with no CA IX expression (67R1) no such effects have
been observed™”.

There are ongoing clinical trials with a monoclo-
nal antibody targeting specifically CA IX-girentuximab
(which is in Phase III cliniacl trials for the tretment of
renal carcinomas) and several sulfonamide/coumarin CA

IX ihiibtors are in advanced preclinical evaluation™.

CONCLUSION

With its overexpression in many cancer tissues and not
in their normal counterparts, CA IX constitutes an in-
teresting target for novel approaches in the design of
anticancer therapies. CA IX is crucial for tumor pH regu-
lation contributing both to the acquisition of metastasic

phenotypes and to chemoresistance. Consequently, fur-
ther research needs to be done in the field of the tumot-
associated CA IX in order to better understand its exact
role in cancer. CA IX selective inhibitors ate now avail-
able and they constitute interesting tools for studying the
physiological and/or pathological effects of this enzyme.
The design of CA IX selective inhibitors containing a va-
riety of scaffolds and with interesting physico-chemical
properties has been achieved. New sulfonamides and
coumarins have been synthesized with some of these
strongly and selectively inhibiting CA IX (over the offtar-
get isoforms CA [ and Ii), with inhibition constants in
the low nanomolat. Thus, many biochemical, physiologi-
cal and pharmacological novel data point to the use of
CA IX inhibition in the management of hypoxic tumors,
which do not respond to the classical chemo- and ra-
diotherapy. There are possibilities of developing both
diagnostic tools for the non-invasive imaging of these
tumors and therapeutic agents, that probably perturb the
extratumoral acidification in which CA IX is involved.
Much pharmacologic work is however warranted in
order to understand whether a successful new class of
antitumor drugs may be developed starting from these
preliminary but highly encouraging observations, but
girentuximab, a CA IX monoclonal antibody is alreday in
Phase I clinical trials and several small molecule inhibi-
tors are in advanced preclinical evaluation
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Abstract
AIM: To study short dsRNA oligonucleotides (siRNA)
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as a potent tool for artificially modulating gene expres-
sion of N-Myc down regulated gene 1 (MDRG1) gene
induced under different physiological conditions (Nor-
moxia and hypoxia) modulating NDRG1 transcription,
mRNA stability and translation.

METHODS: A cell line established from a patient with
glioblastoma multiforme. Plasmid DNA for transfections
was prepared with the Endofree Plasmid Maxi kit. From
plates containing 5 x 10’ cells, nuclear extracts were
prepared according to previous protocols. The pSUPER-
NDRG1 vectors were designed, two sequences were
selected from the human NDRG1 cDNA (5-GCATTATT-
GGCATGGGAAC-3" and 5'-ATGCAGAGTAACGTGGAAG-3".
reverse transcription polymerase chain reaction was
performed using primers designed using published
information on B-actin and hypoxia-inducible factor
(HIF)-1o. mRNA sequences in GenBank. NDRG1 mRNA
and protein level expression results under different
conditions of hypoxia or reoxygenation were compared
to aerobic control conditions using the Mann-Whitney
U test. Reoxygenation values were also compared to
the NDRG1 levels after 24 h of hypoxia (P < 0.05 was
considered significant).

RESULTS: siRNA- and iodoacetate (IAA)-mediated
downregulation of NDRG1 mRNA and protein expres-
sion /n vitro in human glioblastoma cell lines showed a
nearly complete inhibition of NDRG1 expression when
compared to the results obtained due to the inhibitory
role of glycolysis inhibitor IAA. Hypoxia responsive ele-
ments bound by nuclear HIF-1 in human glioblastoma
cells /n vitro under different oxygenation conditions
and the clearly enhanced binding of nuclear extracts
from glioblastoma cell samples exposed to extreme hy-
poxic conditions confirmed the HIF-1 Western blotting
results.

CONCLUSION: NDRG1 represents an additional di-

agnostic marker for brain tumor detection, due to
the role of hypoxia in regulating this gene, and it can
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represent a potential target for tumor treatment in hu-
man glioblastoma. The siRNA method can represent an
elegant alternative to modulate the expression of the
hypoxia induced NDRGI gene and can help to monitor
the development of the cancer disease treatment out-
come through monitoring the expression of this gene
in the patients undergoing the different therapeutic
treatment alternatives available nowadays.

© 2012 Baishideng. All rights reserved.
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oligonucleotides; Human cancer diseases; Brain can-
cer; Radiotherapy
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INTRODUCTION

RNA interference (RNAI) or short dsRNA oligonucle-
otides (siRNA) approach represents a powerful tool for
drug target discovery and validation in cukaryotic cell

culture approaches, i vitro, as well as within in vivo sys-
tems, such as animal disease models and human thera-
peutics. siRNA is a potent tool for artificially modulat-
ing gene expression through the introduction of short
interfering RN As. These molecular mechanisms that the
siRNA approach is consisted of are occurring naturally
as a gene regulatory mechanism having a number of
advantages over other gene/antisense therapies includ-
ing specificity of inhibition, potency, the small size of
the molecules and the diminished risk. The systems
for stable and regulated expression of these molecules
emerged as well. Selective gene inhibition #ia siRNA oc-
curs via two methods: (1) siRNA cytoplasmic delivery
mimicking an active endogenous RNAi mechanism in-
termediate; and (2) nuclear delivery of gene expression
cassettes that express a short hairpin RNA, which mim-
ics the micro interfering RNA active intermediate of a
different endogenous RNAi mechanism. In contrast,
screens of many siRNA sequences can be accomplished
rapidly using synthetic oligos. The activity of siRNA in
the cytoplasm may lower the barrier and thereby acceler-
ate the successful development of therapeutics based
on targeted non-viral delivery systems. Under hypoxia,
hypoxia-inducible factor (HIF)-1q is involved in the
transcriptional regulation of the N-Myc down-regulated
gene 1 (NDRGT) gene“’z] (Figure 1) together with other
transcription factors. In this relation it is of interest to
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investigate the expression of NDRGT1 protein in human
cancer". This gene is necessary for P53-mediated apop-
tosis and regulated by phosphatase and tensin homo-
logue. In several cancers, it was suggested to be a tumour

suppressor genem.

MATERIALS AND METHODS

Cell culture, hypoxia treatment and transfection of
glioblastoma cell lines

Early-passage U373, U251 and U87-MG human malig-
nant glioblastoma from the American Type Culture Col-
lection (ATCC, Rockville, MD, United States) and GaMG,
a cell line established from a patient with glioblastoma
multiforme (Gade Institut of the University Bergen,
Norway)®, were grown on glass Petri dishes in Dulbecco’
s modified Eagle’s medium (DMEM) supplemented
with 10% fetal bovine serum, non-essential amino acids,
penicillin (100 TU/mL)/streptomycin (100 pg/ml) and 2
mmol/L L-glutamine. Cells were treated with 7 vitro hy-
poxia for 1, 6 or 24 h at 5%, 1% or 0.1% Oz as indicated
in a Ruskinn Invivoz hypoxic workstation (Cincinnatti,
OH, United States) as previously described®”. For reoxy-
genation experiments, dishes were returned to the incu-
bator following 24 h of hypoxia. Plasmid DNA for trans-
fections was prepared with the Endofree Plasmid Maxi
kit (Qiagen, Hilden, Germany). Stable as well as transient
transfections were performed using Fugene06 transfection
reagent (Roche Diagnostics GmbH, Mannheim, Ger-
many) according to the manufacturer’s instructions. The
pSUPER constructs transfected into U373, U251, U87-
MG and GaMG glioblastoma cells lines were incubated
for 8 h under standard normoxic conditions (21% Oz,
5% COz) post transfection with further incubation under
hypoxic conditions (0.1%) for 24 h.

Preparation of nuclear extracts, whole-cell lysates and
immunoblotting

From plates containing 5 X 10" cells, nuclear extracts
were prepared according to previous protocols™ with
minor modifications. Aliquots containing nuclear ex-
tracts were stored in aliquots at -80 ‘C. Whole-cell lysates
were prepared with 0.1 mIL RIPA buffer (1 X TBS, 1%
Nonidet P-40) (Amresco, Vienna, Austria), 0.5% sodium
deoxycholate, 0.1% SDS, protease inhibitors pepstatin
A (1.4 pmol/L), aprotinin (0.15 umol/L) and leupeptin
(2.3 umol/L), and 100 pmol/L phenylmethylsulfonyl
fluoride (all were obtained from Sigma, St. Louis, MO,
United States). To inhibit protein dephosphorylation,
phosphatase inhibitor mix (Sigma) was added. Using
a syringe fitted with a 21-gauge needle to shear DNA,
lysates were transferred to a pre-chilled microcentrifuge
tube, followed by 30 min incubation on ice. Cell lysates
were cleared by centrifugation at 15 000 X g for 12 min
at 4 'C. Twenty microgram of whole-cell lysates were
separated onto SDS 8% polyacrylamide gel electropho-
resis and transferred to a 0.45 pmol/L nitrocellulose
membrane (Protran BA 85; Schleicher and Schuell, Das-
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Figure 1 Hypoxia induced regulation of N-Myc down-regulated gene 1 in human brain cancer hypoxia-inducible factor-1c. induced regulation of hypoxia
induced N-Myc down-regulated gene 1 expression in human tumour cells. A: Under normoxic oxygenation conditions in the tumor cell microenvironment, hypox-
ia-inducible factor (HIF)-1a is rapidly degraded via the von Hippel-Lindau tumour suppressor gene product (pVHL)-mediated ubiquitin proteasome pathway; B: When
the tumor environment aeration conditions shifts from normoxic to hypoxic aeration conditions, HIF-1a. subunit becomes stable, translocates into the cellular nucleus
and interacts with co-activators of which its transcription machinery is consisted such as p300/CBP to modulate the transcriptional activity of numerous hypoxia induc-
ible genes, like N-Myc down-regulated gene 1 (NDRG1) in the case and about 61 other hypoxia induced genes”*’. HRE: Hypoxia response element.

sel, Germany). Nonspecific binding was blocked by 5%
nonfat milk powder in TBS overnight at 4 'C followed by
incubation with the NDRG1 primary antibody (ab8448,
Abcam, Cambridge, United Kingdom), diluted 1:1000
in 2.5% nonfat milk powder in TBS for 1h at room
temperature or with followed by incubation with the
M75 mouse monoclonal antibody against CA IX (Bayer
Healthcare Co., diluted 1:7200) or with HIF-1a. mono-
clonal antibody (610959, BD Biosciences, dilution 1:500).
Blots were washed twice in 'TBS/0.05% Tween-20 (Bio-
Rad, Munich, Germany) and subsequently, three times in
TBS for (5-10) min each. The secondary antibody goat
anti rabbit-HRP (stock solution: 400 pg/mL); DakoCy-
tomation, Denmark) was incubated at a dilution of 1:2000
for one additional hour at room temperature followed by
five wash steps as described above. Antibody detection
and development was as described in"”.

Knock-down of endogenous NDRG1 by siRNA and
iodoacetate

Human glioblastoma cell lines U373, U251, U87-MG
and GaMG were grown up to 50% confluence on 10
cm plates in complete medium (RPMI 1640 medium or
DMEM depending on the cell line) supplemented with
10% fetal calf serum, 100 pug/ml streptomycin, and 100
units/mL penicillin). The pSUPER-NDRG1 vectors
were designed as mentioned before!""”. To establish
pSUPER-NDRG1, two sequences were selected from
the human NDRG1 cDNA (5-GCATTATTGGCAT-
GGGAAC-3’ (positions 398-416) and 5-ATGCAGAG-
TAACGTGGAAG-3’ (positions 601 to 619), relative
to the start codon). All constructs were confirmed by
sequencing, Transient transfection of siRNA constructs
into the glioblastoma brain tumor cell lines exposed to
extreme hypoxic aeration condition was vz Fugene6 so-
lution (Roche, Germany) according to the manufactur-
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ers suggested instructions. Also, cells were transfected
with the empty vector pSUPER (Oligo-Engine, Seattle)
and pSUPER-NDRGT1. Detection of reduced NDRG1
mRNA and protein levels was performed by Northern-
blotting and as well as immunoblotting, applying the
Goat polyclonal anti-NDRG1 antibody (Abcam ab
21727). Todoacetate (IAA; 50 pmol/L) was used as a gly-
colysis inhibitor and was added to the growth medium
shortly before the respective hypoxia treatment.

Tissue biopsies were obtained surgically from two
groups of patients: 15 patients with glioblastoma mul-
tiforme (GBM) and 15 patients with low-grade astrocy-
toma (LGA; WHO grade 2). Samples were immediately
frozen at -80 'C and stored in liquid nitrogen before
further analysis. To compare the expression of the indi-
vidual genes examined, reverse transcription polymerase
chain reaction was performed using primers designed
using published information on B-actin and HIF-1a
mRNA sequences in GenBank (accession numbers
NM_001101 for B-actin, NM_001530.2 for HIF-1q(, and
NM_006096 for NDRG1, respectively). An aliquot of
(1-5) pg of total mRNA from human gliblastoma and
astrocytoma tissue or glioblastoma cell lines was tran-
scribed at 42 °C for 1 hin a 20 yL reaction mixture using
200 U RevertAid™ M-MuLV RT, oligo(dT)18 primer
and 40 U Ribonuclease inhibitor (all from Fermentas,
Ontario, Canada). For polymerase chain reaction (PCR)-
reactions primers were designed in flanking exons with
Primer3 software (available online http://frodo.wi.mit.
edu/cgi-bin/primer3/primer3_www.cgi): to produce a
593 bp amplification product of NDRGI, the forward
primer (F1) was 5-CTCTGTTCACGTCACGCTGT-3’
and the reverse primer (R1)5-CTCCACCATCT-
CAGGGTTGT-3. To produce an 668 bp amplification
product of B-actin, the forward primer (F1) was 5-CGT-
GCGTGACATTAAGGAGA-3 (nucleotides 697-716)
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Figure 2 Detection and experimental monitoring of hypoxia induced N-Myc
down-regulated gene 1 in specimens of human brain cancer. The experi-
mental monitoring approach includes (A) experimental approach detection of
the experimental results. Here, the tumor cell lines are first cultivated in vitro
and subsequently transfected with the N-Myc down-regulated gene 1 (NDRG1)
short dsRNA oligonucleotides (siRNA) construct and treated with fixed Oz con-
centration in the hypoxia chamber followed by the specimens extraction, quan-
tification, quality control and molecular seperation of tumor cells specimens.
Further protein or mRNA blotting and Hybridization with subsequent NDRG1
expression image detection and documentation take place. The experimental
approach with these different stages are repeated at least three times to have
statistical significant results that are necessary for evaluation of the experi-
mental results (B), where first the films with the detected results are scanned
followed by the detection of the genes expression (which is in the case NDRG1
gene and the house keeping genes or loading controls (B-actin and 18s RNA,
respectively) measurement of intensities in the analyzed specimens, statistical
analysis and evaluation of the obtained results.

and the reverse primer (R1) 5-CACCTTCACCGTTC-
CAGTTT-3 (nucleotides 1345-1364) and to produce an
233 bp amplification product of HIF-1q, the forward
primer (F1) was 5-TTACAGCAGCCAGACGATCA-3’
(nucleotides 2516-2535) and the reverse primer (R1)
5-CCCTGCAGTAGGTTTCTGCT-3’ (nucleotides
2729-2748). The PCR was performed and PCR products

were separated on agarose gels as mentioned previously.

Visualisation, expression level evaluation and analysis
The data presented here are representative for 3 similar
experiments. Densitometric evaluation of Northern
blots was performed with 1D Kodak Image Analysis
Software. Signals were measured in Kodak light units
and divided by the corresponding signals of the house
keeping gene B-actin or 18s RNA for the northern blot
results. NDRG1 mRNA and Protein level expression
results under different conditions of hypoxia or reoxy-
genation were compared to aerobic control conditions
using the Mann-Whitney U test. Reoxygenation values
were also compared to the NDRGT1 levels after 24 h of
hypoxia (P < 0.05 was considered significant). Further
details are outlined in (Figure 2).

RESULTS

Hypoxia induced NDRG1 mRNA in human glioblastoma
detection via Western blotting

In all four glioblastoma cell lines examined including the
U373 cell line (Figure 3, upper pannel), expression of
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Figure 3 Inhibition of N-Myc down-regulated gene 1 protein and mRNA
expression in U373 human glioblastoma cell line in vitro via short dsRNA
oligonucleotides- and iodoacetate-mediated interference into human
tumor cellular glycolysis process. Upper panel: Western blotting analysis
result diagram related to the specific inhibition of hypoxia induced expression
in human brain tumor cells (U373 Glioblastoma cell line as an example) on
protein level via Western blotting analysis. Clear complete inhibition of N-Myc
down-regulated gene 1 (NDRG1) induced by extreme hypoxic conditions in the
tumor microenviroment (0.1% Oz/for 24 h) was present upon transfection with
the one of the two variants of NDRG1 short dsRNA oligonucleotides (SiRNA)
construct applied in these experiments when compared to the nearly complete
inhibition via inhibitive interaction with the tumor cell glycolysis pathway. B-actin
served as a loading control. Figure shows one representative experiment out
of three experiments; Lower pannel: Northern blotting analysis displaying the
specific inhibition of hypoxia induced NDRG1 mRNA expression in human brain
tumor cells (U373 Glioblastoma cell line as an example) on mRNA level. Com-
plete inhibition of NDRG1 induced by extreme hypoxic conditions in the tumor
microenviroment (0.1% Oz/for 24 h) was could be achieved upon transfection
with the one of the two variants of NDRG1 siRNA construct applied in these
experiments. Inhibitive interaction into the glycolysis pathway due to the parallel
treatment with 50 umol/L with iodoacetate for 24 h showed a similar functional
effect. The 18s RNA fragment with a molecular weight of 1.9 kb served as a
loading control. This is one representative experiment out of three experiments.

NDRGT1 was either reduced or inhibited upon applica-
tion of one of the two siRNA constructs, each separate-
ly showing that the inhibition of NDRG1 was 100% of
it basal expression level under normoxic conditions and
97% from its expression level after hypoxic treatment
(0.1% Oz) for 24 h. Also, when 50 umol/L of the gly-
colysis inhibitor IAA was applied, i vitro, for 24 h with
0.1% hypoxia, on protein level there was an inhibition of
85% of the expression level.

Hypoxia induced NDRG1 mRNA in human glioblastoma
detection via northern blotting

On mRNA level (Figure 3, lower panel), there was a
complete inhibition of NDRG1 mRNA expression also
when 50 pumol/L glycolysis inhibitor IAA was applied,
in vitro, for 24 h with 0.1% hypoxia treatment that was
applied to all glioblastoma cell lines exposed to 0.1% O2
examined 7z vitro, showing that the inhibition level on the
mRNA level is more effective and not depending on the
nature of the option applied (Chemical treatment with
50 pmol/L IAA of the transfection with either NDRG1
siRNA construct) for NDRG1 down regulation with
final inhibition of expressed NDRGT1 in glioblastoma
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Figure 4 Expression of N-Myc down-regulated gene 1 mRNA in human brain cancer tissue in vivo. NDRG1: N-Myc down-regulated gene 1; NB: Nonneoplastic

brain; LGA: Low-grade astrocytoma; GBM: Glioblastoma.

cells (Figure 3, lower panel).

Hypoxia induced NDRG1 expression in 2 groups of
human brain tumour specimens

In vivo, mRNA expression of HIF-1ow was similar in tu-
mor specimens from patients with low-grade astrocytoma
or glio-blastoma (results not shown). A tumor-grade as-
sociation with NDRG1 mRNA expression was exhibited
in vivo. No increase in NDRG1 expression was shown in
low-grade astrocytoma while an increase of at least 2-fold
in NDRGT1 expression was shown in 10/15 patients in
GBM in no patient with LGA as seen in (Figure 4).

DISCUSSION

NDRGT1 protein expression has been described to be
present in normal brain or brain tumor tissue ! as well
as being an important gene that is playing an active role
in the regulation of a broad spectrum of human cancer
diseases like human gastric cancer, squamous cell carci-
nomas, breast cancer, human hepatocellular carcinoma,
brain tumors and leukemia**?. NDRG1 was suggested
to be a prognostic marker for hypoxic regions within a
tumor mass because of its stability as a proteinp”s] and
because it is highly expressed in malignant tumor tissues
compared to normal tissue of the same origin®’.
During the different sets of experiments within
our study, we observed, a brain tumor-type-dependent
increase in NDRG1 mRNA expression level. NDRG1
protein and NDRG1 mRNA were generally up-regulated
in response to prolonged to severe (0.1% O2) in vitro

K

Gz
Raishideng®

WJCO | www.wjgnet.com

hypoxia, although the effect was undetectable at the
protein level in one cell line with a strong constitutive,
normoxic NDRG1 expression.

In a previous approach were human tumor speci-
mens from patients suffering from LGA or GBM where
analyzed showed that tumor specimens with GBM dis-
played a higher level of NDRG1 than low-grade astrocy-
toma both at the protein and mRNA level”" ™,

As known by previous contributions that induction
of NDRG1 sequence-specific posttranscriptional gene
silencing in different glioblastoma celll lines, i vitro, by
RNA interference™" resulted in a strong inhibitory
activity of NDRG1 expression, both on mRNA and
protein level. This approach when compared to glycoly-
sis inhibition »ia IAA application, which has previously
been shown to posses HIF-1-inhibitory functions™ ™,
or HIF-1o and hypoxia induced genes like NDRGT1 in-
hibitory functions can represent one innovative option
with a high potential in the monitoring of human cancer
disease like brain cancer as shown by the results of this
series of research experiments, since hypoxia-tolerant
human glioma cells reduce their oxygen consumption
rate in response to oxygen deficit, a defense mechanism
that contributes to survival under moderate hypoxic
conditions”™”. Overcoming the metabolic restrictions of
hypoxia may allow for the progression of lower-grade
tumors to GBM.

An alternative of this level when used within a frame-
work of an integrated detection of monitoring system as
shown or as it can be seen by the results of other experi-
mental approaches used to detect different sets of cancer
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disease related genes that are hypoxia induced!"" ¥

can present a therapeutic strategy targeting hypoxia-in-
duced NDRG1. However, the success of such approach-
es still awaits the development of an efficient delivery
system that can affect a large number of tumor cells.

Experimental inhibition of NDRGT1 expression in
four glioblastoma cell lines iz vitro by either siRNA tech-
nology or interference into tumor cell glycolisis might be
a potential therapeutic tool in regulating the expression
of this gene in glioblastoma. Furthermore, success-
ful inhibition of tumor cell growth by RNAi aimed at
oncogenes 7 vitro and #n vivo may represent alternative
therapeutic applications for these diseases. RNAIi is a
molecular biology tool with a big potential as therapeutic
agent of cancer in human.
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COMMENTS

Background

N-Myc down-regulated gene 1 (NDRG1) is a member of the NDRG family. Its
induction occurs via diverse physiological and pathological conditions (hypoxia,
cellular differentiation, heavy metal, N-myc, neoplasia) which modulate NDRG1
transcription, mRNA stability and translation.

Research frontiers

Up to this date, the complete detailed function of this protein in humans remains
unknown. Hypoxia represents a common feature of solid tumors. Hypoxia-
inducible factor-1 (HIF-1) is a key regulator of tumor cell hypoxia. It regulates
the expression of several genes related to oxygen homeostasis in response to
hypoxic stress. NDRG1 has been shown to possess more specific characteris-
tics for clinical analysis and identification purposes and has been found to be a
stable marker of acute tumor hypoxia.

Innovations and breakthroughs

Detailed understanding of how hypoxia regulates transcription of the NDRG1
gene increase knowledge of the cellular responses of normal and cancer cells
towards low oxygen tension.

Applications

Direct inhibition of NDRG1 via siRNA or indirect inhibition through interfering with
the cancer cell glycoltic activities via application of iodoacetate might be a poten-
tial therapeutic tool for regulating the expression of this gene in glioblastoma.
Terminology

Hypoxia is a pathological condition where organ tissues are deprived of ad-
equate oxygen supply due to the failure to deliver oxygen to target tissues. The
difference between normal oxygen supply and the demand at the cellular level
may result in an oxygenation hypoxic condition. Normoxia normal oxygen con-
centration as a result of the normal or adequate oxygen supply on the cellular
level, which is typically 20%-21% Oz; Glioblastoma multiforme: Highly invasive
brain tumors. It is the last stage of human brain tumor where patients suffering
from this type of brain tumor have a maximum life expectancy of maximum 2-6
mo. Human glioblastoma multiforme (GBM) cells vary in their ability to survive
under hypoxic conditions. HIF-1a subunits are highly inducible by different
oxygenation conditions in human GBM cells, HIF-1 acts as a master regulator
of numerous hypoxia inducible genes related to angiogenesis, cell prolifera-
tion/survival, and glucose/iron metabolism. Tumor therapy is referring to the
approaches applied against various cancer diseases in human. They include
application radiation therapy, surgical removal of cancer tissue, drugs or other
substances that block the cancer growth and spread by interfering with specific
molecules involved in tumor growth and progression including medical agents
that interfere with cell growth signalling or tumor blood vessel development,
cancer cells specific death promotion, stimulating the immune system to de-
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stroy specific cancer cells, and cancer cells toxic chemical agents delivery into
cancer cells as well as gene therapeutic modalities; Tumor microenvironment:
Extracellular environment present in a very small region of a solid tumor. It must
be mentioned that cells in different areas of solid tumors will have markedly dif-
ferent microenvironments; Angiogenesis: The formation of new blood vessels in
human body tissues.

Peer review

Due to its clear regulatory behaviour under hypoxic condition in human tumor
cells, NDRG1 represents an additional diagnostic marker for brain tumor detec-
tion. Due to the role of hypoxia in regulating this gene, it can represent a poten-
tial target for tumor treatment in human glioblastoma.
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Abstract

Although thymic epithelial tumors (TETs) are rare in
the general population, they represent the most fre-
quently diagnosed primary malignant tumor of the an-
terior mediastinum. Unlike localized disease, metastatic
disease is invariably fatal. While several chemotherapy
agents have proven to be effective in TETs, soma-
tostatin analogs are the only targeted agents with an
established role in this disease. Everolimus is an mTOR
inhibitor with multiple application in oncology. In this
report, we show for the first time that everolimus was
effective in two heavily pretreated patients with ad-
vanced TETs, with a progression-free survival longer
than 1 year and minimal toxicity.
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INTRODUCTION

Thymic epithelial tumors (TETSs) are rare in the general
population, with an estimated incidence in Netherlands
of 3.2 cases per 1 000 000 inhabitants'". In spite of their
rarity, TETs are the most frequently diagnosed primary
malignant tumor of the anterior mediastinum, account-
ing for about 40% of mediastinal masses in adult pa-
tients”, Stage and histology are predictive of survival”,
At histological examination, TETs present both epithelial
and lymphocytic cells. Epithelial cells are responsible for
neoplastic growth and can regulate maturation of the ac-
companying lymphocytic population, which is involved
in the typical associated autoimmune syndromes'”. Sur-
gery, radiotherapy, and chemotherapy offer a possibility
of cure for patients with localized or locally advanced
TETSs. Metastatic disease is virtually incurable but highly
responsive to chemotherapy, which can significantly pro-
long survival and palliate symptoms. TETSs are respon-
sive to several anti-neoplastic agents including platinum

July 10,2012 | Volume 3 | Issue 7 |



Palmieri G et a/. Everolimus in thymic epithelial malignancies

5

compounds'”, anthracyclines”, and pyrimidine analogs'”.
Among targeted drugs, somatostatin analogs, employed
in combination with prednisone, provided radiological
disease stabilization in TETSs patients and improvement
of the associated auto-immune syndromes'”.

The biology of TETs is presently unknown. Im-
munohistochemistry data showing expression of c-KIT
and epidermal growth factor receptor (EGFR) in TETs
prompted experimentation of imatinib and cetuximab
in TETs™. Multi tyrosine kinases inhibitors(such as
sorafenib and sunitinib) and histone deacetylase inhibi-
tors (such as bolinostat) were also tested in TETs"”. Un-
fortunately, results obtained with targeted therapy, with
the exception of somatostatin analogues, were overall
modest and can presently be considered inconclusive
and not applicable to clinical practice.

Everolimus (Aﬁnitor®, Novartis Pharma, Basel, Swit-
zetland) is an oral inhibitor of the mTOR pathway with
multiple applications in transplantation medicine, cardi-
ology and oncologym. In two phase Il randomized, pla-
cebo-controlled trials, everolimus, administered at 10 mg
daily, successfully prolonged progression free survival in
patients with advanced kidney cancer and neuroendro-
crine pancreatic cancer'', Of all retrospectively reviewed
patients treated for advanced TETs at our Institution
in the last five years, records of two cases who received
everolimus were identified. Everolimus was obtained
for compassionate use with approval of the local ethics
committee on the grounds of its broad range of anti-
tumor activity and in view of lack of medical options of
established efficacy. Both patients gave their informed
consent to treatment. Although they had been heavily
pretreated, they obtained a remarkable, long-lasting clini-
cal improvement with everolimus, with improved quality
of life, a durable radiographic response and manageable
side effects, as detailed below.

CASE REPORT

Case 1
In October 2005, the patient, a 51-year old woman from
Genua, with no relevant medical history, was incidentally
diagnosed with a mediastinal mass on chest X-ray. A
chest computed tomography scan with contrast showed
the presence of a 6 cm mass in the upper-anterior me-
diastinum, with multiple bilateral pleural metastases. An
ultrasound-guided trans-thoracic core biopsy was per-
formed at the “Gallino” Hospital of Genua. Histologic
analysis was diagnostic of B2 thymic epithelial tumor
(World Health Organization 2004). Additional histologic
analyses, performed at the Department of Pathology of
Regina Elena (Rome), revealed strong EGFR expression
on immunohistochemistry. An "' In-DTPA-pentetreotide
scintigraphy (Octreoscan) showed intense radioactivity
uptake in the mediastinal and pleural lesions.

Patient was completely asymptomatic at the time of
the diagnosis, with an Eastern Cooperative Oncology
Group performance status of 0. In view of the ad-
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vanced stage of the disease (stage [Va according to the
Masaoka staging system), patient was judged to be inop-
erable and suitable for medical therapy. Since November
2005 to August 2010, patient underwent several lines of
treatment, which included cisplatin-doxorubicin-cyclo-
phosphamide, carboplatin-etoposide, capecitabine-gem-
citabine and cisplatin-doxorubicin-cyclophosphamide-
prednisone. Patient also received single agent cetuximab,
single agent imatinib, high dose prednisone and single
agent octreotide. Patient received all of these anti-neo-
plastic regimens at the medical Oncology Department
of the “Gallino” Hospital (Genua), except for imatinib,
which was delivered at the Department of Molecular
and Clinical Oncology and Endocrinology of University
Federico II of Naples. Since January 2005 to the present
time, patient has uninterruptedly received long-acting
somatostatin analogs (octreotide LAR 30 mg or lanreo-
tide LAR 60 mg delivered intramusculatly every month).
No unexpected or life-threatening side effects were re-
ported. Heart, liver, kidney and bone marrow functions
were periodically monitored during treatment adminis-
tration. Due to intolerance to iodine contrast, treatment
response was periodically evaluated with PET-TAC with
FDG, without contrast, approximately every three-four
months while receiving treatment and every 6 mo dut-
ing follow-up. In August 2010, patient had complained
about mild dyspnea at rest for the past month which
worsened on exertion. Her Eastern Cooperative Oncol-
ogy Group performance status was 1. With respect to
her last scan performed in April 2010, positron emission
tomographic/computed tomographic (PET-CT) scan
performed in July 2010 showed increased size and SUV
of the mediastinal mass (SUVmax = 6.3 »s 4.5) and of
the bilateral pleural lesions (SUVmax = 4.5 »s 3.5). Given
the amount of chemotherapy received, patient was no
longer considered suitable for cytotoxic therapy. She was
started on everolimus on August 4, 2010 at the dose of
5 mg/d, which was increased to 10 mg/d after a week.
Follow-up during treatment was performed with a com-
plete blood count every two weeks and a complete blood
chemistry every month, history and physical examination
every two months, with phone contact at need, PET-CT
scan approximately every three months, as well as ecoca-
rdiographic assessment of heart function every 6 mo.
After two weeks’ treatment, patient developed grade
2 oral mucositis with thrush, which resolved with ap-
propriate antifungal and coating agents. Patient also
developed grade 1 hyperglycemia, which was easily man-
aged with diet recommendations. After two months’
treatment, patient referred a marked improvement of
dyspnea. Her performance status had improved to 0. On
October 25", 2010 patient underwent a PET-CT scan,
which showed disappearance of pleural effusion and de-
creased SUV of all pathologic lesions (Figure 1). Patient
underwent subsequent scans in January 2011, May 2011
and August 2011 which indicated lack of progression
and progressive decrease in the metabolic activity of the
lesions. During treatment with everolimus, patient has
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Figure 1 The marked decrease in fluoro-2-deoxy-D-glucose uptake in pos-
itron emission tomography/computed tomography performed in October,
2010 (below) in comparison to positron emission tomography/computed
tomography performed in August, 2010 (above) in patient 1. Color scales
are approximately the same.

reported several episodes grade 1/2 diarrhea, stomatitis,
anemia, rash, hypertension. All of these side effects were
manageable and were responsible for a total treatment
interruption of 7 wk. Dose was never reduced through-
out treatment. As of November 30", 2011 patient has
been continuing to take 10 mg everolimus daily, with
complete resolution of dyspnea and a performance sta-
tus of 0.

Case 2

In January 2007, the patient, a 42-year old woman from
Naples, complaining of severe tiredness and showing
palpebral ptosis, was referred a neurologist for suspected
myasthenia gravis. Diagnosis was confirmed by electro-
miography and serum anti-acetilcholinesterase antibod-
ies levels and patient was started on pyridostigmine. A
whole body CT scan with and without contrast showed
a mediastinal mass (4.2 cm X 6.5 cm), which extended
from the right paratracheal space to the aorto-pulmo-
nary window and was attached to the esophagus and the
left atrium. A pericardial effusion was detected along
with several pleural lesions in the right costovertebral
space and on diaphragmatic pleura. Multiple biopsies of
the mediastinal lesion were obtained via thoracotomy,
performed at the “Antonio Cardarelli” Hospital in Feb-
ruary 2007. Histology analysis performed at the same
Institution was diagnostic of B3 thymoma. Immunobhis-
tochemistry was positive for p53, ki67, CD1a and CD5
and negative for TTF1 and CK7. Additional immuno-
histochemistry analysis performed at the Department
of Pathology of Regina Elena (Rome) was negative for
c-kit and positive for EGFR. Given the presence of
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multiple pleural metastases, patient was not considered
suitable for surgery or radiotherapy. Since February 2007
to July 2007, patient underwent eight cycles of cisplatin-
doxorubicin-cyclophosphamide, achieving disappearance
of all pleural lesions and shrinkage of the mediastinal
mass on CT scan. Given the partial response obtained,
surgery was deemed to be feasible, but it was refused by
the patient, so she received single agent octreotide LAR
as maintenance treatment (Octreoscan was positive). In
September 2008, a CT scan with contrast showed pro-
gressive disease, with enlargement of the mediastinal
mass (55 mm X 12 mm), and recurrence of several pleu-
ral lesions. Since October 2008, she underwent 17 cycles
of capecitabine-gemcitabine, which was interrupted in
November 2009 for unacceptable toxicity. Since January
2010 to July 2010, patient was enrolled in the TETI-
MAX study and was treated with imatinib. Imatinib was
interrupted for progressive disease on CT scan, which
showed a mediastinal mass measuring 18 mm X 59 mm,
with multiple pleural metastases (largest diameter, 27
mm X 38 mm). Patient subsequently received everoli-
mus, according to the same dosing and schedule adopted
for case 1. After one month’s treatment pyridostigmine
dose was slowly tapered and was suspended after three
months. A CT scan was scheduled for October 2011,
but a subsequent CT scan was performed in February
2011, due to patient’s poor compliance. Stable disease
was achieved, with the mediastinal mass measuring 18
mm X 51 mm, shrinkage of the largest pleural metasta-
sis, which measured 16 mm X 9 mm, and shrinkage or
stability of the others. Subsequent CT scans performed
in June and November 2011 confirmed stable disease.
As of November 30", 2011 patient is free of progres-
sion and continuing treatment with everolimus.

DISCUSSION

Platinum-based chemotherapy is the standard approach
for TETs not amenable to loco-regional treatments.
Cisplatin—doxorubicin—cyclophosphamide“2], cisplatin-
etoposidem and carboplatin—paclitaxelM are among

the combination regimens tested as first-line treatment
for thymomas, with a response rate of 42.9%-56% and
a PFS of 16.7-26.4 mo. Poor evidence about second-
line treatment is available in literature. We showed that
combination of capecitabine and gemcitabine was able
to provide a PFS of 11 mo (95% confidence interval
4-17), with an overall response rate of 40% and excellent
tolerance in cisplatin-pretreated patients[(’]. Single-agent
pemetrexed also provided a promising PFS of 45.4 wk
in patients with previously treated thymoma'"”.
Somatostatin analogues, employed either alone or
in combination with prednisone, were the first targeted
agents to prove to be active in TETs"", with a PFS of 9.2
mo (95% CI, 8.1 mo to 13.9 mo), obtained with the com-
bination regimen in a phase I trial”
other targeted agents, including cetuximab, cixutumumab,
sorafenib and sunitinib, yielded promising results in TETSs

. Although several
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in either single cases or small series, no conclusive evi-
dence is presently available for any of these drugs[m]. of
note, one of the largest phase II trial on targeted agents
was conducted on hystone deacetilase inhibitor belinostat
in 25 thymoma patients, with a response rate of 8% only,
but a promising TTP of 11.4 mo"".

The mTOR pathway plays a critical role for neoplas-
tic growth zia phosphorylation of the p70 S6 kinase, a
key enzyme in protein synthesis, and it is also implicated
in regulation of actin cytoskeleton, angiogenesis and
cellular response to hypoxia and energy depletion“”.
The mTOR complex mediates downstream signaling of
many soluble factors, including cytokines and growth
factors, such as the epidermal growth factor and the
insulin-like growth factor-1 (IGF-1)"", Both of these
soluble factors may have a role in TETs biology. In fact,
a retrospective analysis of 111 histology samples showed
that 22 cases (20%) were positive for IGF-1R on immu-
nohistochemistrym. Similarly, EGFR was detected in 23
of 31 of TETSs on immunohistochemistry"”. Conversely,
anti-IGF-1R antibody cixutumumab and anti-EGFR
antibody cetuximab demonstrated activity in TETs"".
Although unsupported by 7 vitro experiences, these find-
ings suggest that stimuli transduced by TK receptors,
and consequently by mTOR, are important for thymoma
growth, thus providing the biological rationale to sup-
port the use of everolimus in TETs. Of note, investiga-
tional mTOR inhibitor ridaforolimus recently provided
a prolonged disease stabilization (> 16 wk) in a patient
with thymic carcinoma in a phase [ trial™.

The two cases reported here present several interest-
ing points worthy of discussion. First, the PFS longer
than one year and the incontrovertible and marked
improvement of clinical conditions and quality of life
obtained in both of these two patients strongly suggest
that everolimus merits additional clinical investigations
in TETSs patients. Furthermore, as cixutumumab may in-
crease signaling #ia the mTOR pathway, experimentation
of the combination of everolimus plus cixutumumab ap-
pears to be of interest”. Second, patient 2 also showed
remission of myasthenia gravis, and pyridostigmine could
be suspended. Such effect may be due to the immuno-
suppressant properties of everolimus coupled with its
anti-tumor efficacy. Third, patient 1 was evaluated with
PET/CT without iodine contrast during treatment with
everolimus and decrease in FDG uptake as shown in
Figure 1 was concordant with clinical benefit. We previ-
ously reported that PET results were concordant results
of CT scans with iodine contrast in 6 of 9 patients for
whom both examinations were performed in the TETI-
MAX trial®”. PET/CT could be useful for evaluation of
response in TETS, but additional data are required.

In conclusion, these two are the first reported cases
of everolimus in patients with TETs. We believe that the
prolonged clinical benefit shown in these patients should
encourage experimentation of everolimus in this disease,
either alone or in combination with other promising
agents, such as cixutumumab.
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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 # online office sys-
tem 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) Maxi-
mization of the benefits of authors: Since WJCO is an open-access
journal, readers around the world can immediately download and
read, free of charge, high-quality, peer-reviewed articles from WJCO
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) 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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maximization of the personal benefits of editorial board members,
authors and readers, and yielding the greatest social and economic
benefits.

Aims and scope

The aim of WJCO is to report rapidly new theories, methods and
techniques for prevention, diagnosis, treatment, rehabilitation and
nursing in the field of oncology. W]CO covers etiology, epidemiology,
evidence-based medicine, informatics, diagnostic imaging, endoscopy,
tumor recurrence and metastasis, tumor stem cells, radiotherapy, che-
motherapy, interventional radiology, palliative therapy, clinical chemo-
therapy, biological therapy, minimally invasive therapy, physiotherapy,
psycho-oncology, comprehensive therapy, oncology-related traditional
medicine, integrated Chinese and Western medicine, and nursing,
WJCO covers tumors in vatious organs/tissues, including the female
reproductive system, bone and soft tissue, tespiratory system, urinary
system, endocrine system, skin, breast, nervous system, head and
neck, digestive system, and hematologic and lymphatic system. The
journal also publishes original articles and reviews that report the re-
sults of applied and basic research in fields related to oncology, such
as immunology, physiopathology, cell biology, pharmacology, medical
genetics, and pharmacology of Chinese herbs.

Columns

The columns in the issues of WJCO 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 commen-
tary 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 treat-
ment; (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 Articles: To report
innovative and original findings in oncology; (9) Brief Articles: To
briefly report the novel and innovative findings in oncology; (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 I]CO,
or to introduce and comment on a controversial issue of general
interest; (12) Book Reviews: To introduce and comment on quality
monographs of oncology; and (13) Guidelines: To introduce consen-
suses and guidelines reached by international and national academic
authorities worldwide on the research oncology.

Name of journal
World Journal of Clinical Oncology

ISSN
ISSN 2218-4333 (online)

Editor-in-chief

Stuart K Calderwood, PhD, Associate Professor, Director
Molecular and Cellular Radiation Oncology, Department of
Radiation Oncology, Beth Israel Deaconess Medical Center,
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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
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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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v

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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Instructions to authors

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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