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Abstract
Viral infection and chemical carcinogens trigger somatic 
changes resulting in activation of oncogenes during 
tumor initiation in the development of cancer. However, 
a critical interaction resides in the synergism between 
these somatic changes and an inflamed tumor microen-
vironment where myeloid and hematopoietic cells are 
subverted to enhance tumor progression. The causative 
molecular mechanisms leading to the development of 
hepatocellular cancer remain incompletely understood 
but appear to result from multiple factors related to 
direct hepatocyte injury and the ensuing inflammatory 
changes mediated by the host response to tissue injury, 
DNA damage, repair of cellular damage, and chronic, 
repetitive injury. In this review, the molecular and cel-
lular changes that regulate inflammation and tissue 
repair will be compared to the activated local tumor 
microenvironment. Cell-cell signaling within this mi-
croenvironment that enhances tumor progression and 
inhibits anti-tumor immunity will be discussed

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Cellular injury resulting in inflammation, tissue repair, 
and fibrosis has been hypothesized to play a functional 
role in cancer development since Virchow’s original 
observations[1]. Key somatic changes caused by viral or 
chemical carcinogens establishing a “subthreshold neo-
plastic state” (initiation) is often supplemented by a sub-
sequent stimulus from the local niche or microenviron-
ment, such as chronic inflammation (promotion). These 
synergistic pathways complement each other to augment 
tumor invasiveness[2,3]. In certain types of  cancers, in-
flammatory conditions are present before a malignant 
change occurs and investigators have sought to define a 
causal relationship between inflammation, innate immu-
nity and cancer development. Certainly, epidemiological 
studies have shown that chronic inflammation predis-
poses individuals to various types of  cancer including 
bladder, cervical, gastric, intestinal, esophageal, ovarian, 
prostate, liver, and thyroid tumors. Perhaps the most 
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convincing evidence is the fact that adoptive transfer of  
inflammatory cells from the local tumor environment 
or overexpression of  inflammatory cytokines promotes 
tumor development[4]. Despite these observations, the 
fundamental mechanisms by which inflammation leads 
to cancer or supports the progression of  cancer remain 
unclear.

In this editorial, we will discuss the critical compo-
nents of  the inflammatory milieu or tumor microen-
vironment (TME) that promote a neoplastic and/or 
metastatic phenotype. The canonical physiology of  in-
flammation will be examined within the context of  can-
cer development highlighting similarities and differences 
between the two analogous processes. Finally, hepatitis 
and chronic liver cirrhosis will be discussed as a model 
of  fibrogenesis and hepatic carcinogenesis with potential 
therapeutic targets.

INFLAMMATION, TISSUE REPAIR, 
TUMOR PROGRESSION AND 
METASTASIS
Mantovani and colleagues defined the complementary 
oncogenic and inflammatory processes in cancer devel-
opment as the “intrinsic” and “extrinsic” pathways[5]. 
The intrinsic pathway activates oncogenes and inhibits 
tumor suppressors by mutation, chromosomal rear-
rangement or amplification and drives transformation 
within targeted cells. Tumor cells generated in this fash-
ion subsequently produce cytokines that recruit and 
populate the inflammatory TME. The extrinsic pathway 
derives from inflammatory or infectious conditions 
that amplify the cancer risk (e.g., inflammatory bowel 
disease, hepatitis, Helicobacter pylori). These two mutually 
dependent pathways eventually converge, appropriating-
necessary components and signals from the other while 
also supplying reciprocally useful building blocks to fuel 
transformation and metastasis in a cooperated fashion. 
Oncogenes that can produce signals for inflammatory 
cell recruitment include the RET proto-oncogene in 
papillary thyroid cancer, K-RAS in pancreatic cancer, 
and BRAF-MAPK in melanoma[5]. It is no coincidence 
that inflammation and wound healing physiology paral-
lels the tissue remodeling processes that occur in cancer 
progression. Dvorak[6] recognized that the composition 
of  the tumor stroma strongly resembles the granulation 
tissue of  healing skin wounds. These important, essential 
inflammatory cascades promote cell proliferation, migra-
tion, invasion through the extracellular matrix, angiogen-
esis, and ultimately provide the necessary components 
for host tissue repair and survival. In many types of  can-
cer, these attributes can be subverted by nascent tumor 
cells as tools for cancer progression and metastasis.

The steps of  the inflammatory cascade associated 
with tissue repair are well characterized.Tissue injury 
created by toxins, infection, or a chronic inflammatory 
stimulus results in a host response focused on recruiting 

cells that initiate healing (Figure 1). Critical members of  
this microenvironment include neutrophils, monocytes, 
macrophages, mast cells, dendritic cells, fibroblasts 
and endothelial cells. The wound healing process often 
involves partially overlapping phases: blood clotting, 
inflammation, new tissue formation, and tissue remod-
eling[7] with key cell types recruited to the niche during 
specific phases. Important pro-inflammatory signals 
produced during this cascade include IL-1β, IL-6, IL-23, 
TNF-α, and TGF-β1. Activation of  the selectin family 
of  adhesion molecules (L-, P-, and E-selectin) facilitates 
leukocyte "rolling" along the injured vascular endotheli-
um, activating integrin binding and immobilization (α4β1 
and α4β7 binding to VCAM-1 and MadCAM-1), and 
ultimately transmigration through the endothelium into 
the site of  injury[7]. Release of  cytokines, chemokines, 
and prostaglandins to recruit additional inflammatory 
cells, the production of  reactive oxygen species (ROS) 
to destroy infectious vectors, the generation of  pro-an-
giogenic factors, and modulation of  apoptosis represent 
other essential,activated functions.

Physiological inflammation is often self-limiting 
through downstream release of  anti-inflammatory 
regulators (IL-10, IL-11, IL-13) which temper the pro-
inflammatory cascade. However, cancer-associated 
inflammation can often persist, or be driven without 
regulation,to elicit pathologically persistent signals for 
cellular proliferation, migration, basement membrane 
invasion and angiogenesis. In this context,tumors have 
been comparatively described as “wounds that do not 
heal”[6]. The key cells residing in the TME are the same 
constituents that facilitate wound healing and inflamma-
tion as described above. However, the tumor-associated 
cells recruited often display altered functions that lend 
themselves to cancer development. This alteration in 
function derives from the upregulated expression of  
pro-tumor cytokines. For example, dendritic cells in 
neoplastic infiltrates are regulated by tumor-derived 
granulocyte-macrophage colony-stimulating factor (GM-
CSF) and interleukin (IL)-4 and are frequently imma-
ture, less effective at capturing antigens, and defective 
in T-cell stimulatory capacity[2]. IL-10 released into the 
TME is a potent inhibitor of  dendritic cell activation and 
differentiation allowing evasion of  host adaptive immu-
nity[5]. Similar processes occur in tumor-associated mac-
rophages (TAMs) which produce a number of  potent 
angiogenic and lymphangiogenic growth factors, cyto-
kines and proteases that mediate neoplastic progression. 
For example, in human cervical carcinogenesis, TAMs 
express VEGF-C, VEGF-D, and VEGF receptor-3, to 
facilitate angiogenesis[8]. In a murine mammary cancer 
metastasis model, CSF-1 regulates tumor growth by sup-
porting and cultivating the TME. In CSF-1-/- mice, ad-
vanced mammary tumors and pulmonary metastases fail 
to develop due to decreased TAMs recruitment into the 
neoplastic tissue[9]. CSF-1 has been shown to promote 
progression of  mammary tumors to malignancy as re-
placement of  transgenic CSF-1 into mammary epitheli-

16 February 10, 2012|Volume 3|Issue 2|WJCO|www.wjgnet.com



um restores macrophage recruitment, primary tumor de-
velopment, and metastatic potential[9]. A powerful stimu-
lus for tumor progression within the TME includes the 
ROS derived from infiltrating leukocytes. In the presence 
of  chronic inflammation and repetitive injury, leukocytes 
and other phagocytic cells induce DNA damage in pro-
liferating cells through the generation of  reactive oxygen 
and nitrogen species such as peroxynitrite. Irreversible 
DNA mutations generated by these reactive species can 
provide the critical trigger for neoplastic transforma-
tion. In addition to these mechanisms, the inhibition of  
tumor-suppressor pathways represent yet another strat-
egy for promoting tumor growth. Macrophage migration 
inhibitory factor (MIF) released from TAMs and T lym-
phocytes is a potent cytokine that suppresses p53 tran-
scriptional activity. MIF released into the TME creates 
a niche with a deficient response to DNA damage[10]. 
TAMs will be diverted into the M2 phenotype in human 
tumors so that macrophage functions will be focused on 
promoting tumor growth, remodeling tissues, promoting 
angiogenesis, and suppressing adaptive immunity[11,12]. 
Another class of  cells that are recruited to the TME 
include the myeloid-derived suppressor cells (MDSCs). 
These cells are abundant in tumors and strongly inhibit 
anti-tumor immunity[7]. MDSCs represent an immature 
population of  myeloid cells that inhibit both innate and 
adaptive immunity and are present in cancer patients and 
in experimental animals with sizable tumor burden[13]. 
Although no definitive molecular characterization ex-

ists, many investigators have found human MDSCs to 
express CD33, CD11b and CD15 cell surface markers[13]. 
MDSC inhibition of  anti-tumor immunity is mediated by 
suppression of  CD4+ T-cells[14], inducing T regulatory 
cells[15], by down-regulating macrophage production of  
the type 1 cytokine, IL-12[16], and potentially suppressing 
natural killer cell cytotoxicity[17]. In hepatocellular carci-
noma models, trafficking and accumulation of  MDSCs 
appears to be gp130 dependent and downregulation of  
NK cell cytokine production to be NKp30 dependent[18]. 
Recent studies have also focused on the myofibroblast as 
another cell type that is commonly found in wounds and 
in the TME and has been implicated in tumor progres-
sion. The presence of  large numbers of  fibroblasts and 
myofibroblasts is a hallmark of  cancer with many tumors 
producing a desmoplastic response[7]. Although tumor 
fibroblasts can be derived from the stroma surrounding 
tumors, there is evidence to suggest that cells recruited 
from the bone-marrow also ‘home in’ on the TME[19]. 
Auto- and paracrine PDGF and TGF-β dependent 
signaling centered on the myofibroblast is considered 
fundamental to tumor progression, the development of  
epithelial-mesenchymal transition (EMT),and generation 
of  cancer stem cells (CSCs). CSCs exhibit a CD44high/
CD24lowantigenic phenotype, demonstrate upregulation 
of  the mesenchymal markers and the transcription fac-
tors, N-cadherin, fibronectin, vimentin, FOXC2, SIP1, 
Hedgehog (Hh), Snail, and Twist, and possess self-
renewal capability enabling CSCs to exit tissue reservoirs, 
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enter and survive in the circulation, and exit into sec-
ondary tissue sites (“stemness”)[20]. In the liver, cancer-
associated fibroblasts are important contributors to the 
TME[21] and their precise origin continue to be unclear 
with a variety of  hepatic cells able to generate stem-cell 
characteristics including hepatocytes, oval cells/hepatic 
progenitor cells, and bone marrow-derived cells[22].

HEPATIC FIBROGENESIS AND TUMOR 
PROGRESSION
Constituents of  the cancer-associated inflammatory stro-
ma vary between different tumor types suggesting that 
TMEs can be disease-specific. Distinguishing mechanis-
tic pathways that are conserved versus pathways that are 
tissue- and tumor- specific is important. Friedman and 
colleagues described the difference between “core” and 
“non-core” pathways leading to end-stage inflammation 
or fibrosis with “core” pathways maintaining a dominant 
role through different organ systems, processes, and spe-
cies[23]. Non-core pathways may regulate core pathways, 
but are not necessarily fundamental to the fibrotic pro-
cess, and may be specific to one model system without 
correlation to other disease states. Discovery of  universal 
anti-fibrotic cures may require specific attention to core 
pathways. However, such integral proteins and signals 
(e.g., TGF-β) may be required in normal tissue function 
and may not be appropriate targets for inhibition. In this 
context, regulatory signaling pathways that are tissue-
specific or even disease/pathology-specific may provide 
realistic targets that can be candidates for therapeutic 
intervention.

Hepatic fibrosis is a reversible wound-healing re-
sponse to liver injury and is characterized by inflamma-
tion, accumulation of  extracellular matrix (ECM), and 
ultimately scarring, as described above. If  the injury is 
self-limiting, the inflammatory changes are transient 
and the liver tissue is restored to its normal configura-
tion. However, when the injury or the resultant inflam-
matory response is persistent, the liver architecture is 
irreversibly transformed leading to progressive fibrosis 
and cirrhosis. Agents that injure the liver in such a 
way include toxins (CCL4, alcohol, or bile from biliary 
stasis), chronic infections (hepatitis B, hepatitis C), or 
remodeling processes (adipose tissue in non-alcoholic 
fatty liver disease). Chemical toxicity, viral infection, and 
metabolic derangements damage hepatocytes and this 
injury triggers a cascade designed to contain the injury 
by removing or repairing damaged cells, defense against 
further infection or injury, tissue regeneration and repair. 
Chronic inflammation due to repetitive injury (toxin) or 
inability to remove the offending agent (viral infection) 
results in a deranged, decompensated response (Figure 
1). The liver is composed of  constituent cells capable of  
mounting a robust inflammatory response. The space 
of  Disse is a subendothelial space that separates the he-
patic sinusoids from the hepatocytes. It contains a low 
density basal membrane-like matrix that is essential for 

maintaining the differentiated function of  parenchymal 
cells but can become porous enough to enable metabolic 
exchange between the bloodstream and hepatocytes[24]. 
Inflammatory cells that can be activated to secrete cyto-
kines and regulate ECM in this space include the hepatic 
macrophages (Kupffer cells), hepatic stellate cells (HSCs) 
(that can be activated to become fibroblasts), dendritic 
cells, natural killer cells, hepatocytes and cholangiocytes. 
Progression to cirrhosis leads to the formation of  nod-
ules of  regenerative parenchyma surrounded by sheets 
of  fibrotic septae. During chronic liver injury, extracellu-
lar matrix (ECM) deposition is upregulated. Interactions 
between the ECM and its surrounding cells then become 
mutually dependent with decorin and biglycan binding 
of  TGF-β; fibronectin and laminin binding of  TNF-α; 
and collagen binding to PDGF, HGF, and IL-2[24]. HSCs 
become activated from a quiescent vitamin A-rich cell 
to a contractile, highly fibrogenic, myofibroblast cell-
type. Activated HSCs leads to upregulation of  integrin 
receptors α2β1, α6β4, αvβ8, αvβ6, and α5β1, regulation 
of  TGF-β1, PDGF, and Hedgehog (Hh) signaling path-
ways, expression of  ADAMSTS-13, ADAMSTS-1, and 
secretion of  collagenase-1 and -3, stromelysin-1 and -2, 
gelatinases, metalloelastases (MT-MMP1) and tissue in-
hibitor of  metalloproteinase-1 (TIMP-1)[24] (Figure 2).

Accumulating evidence suggests that hepatocellular 
epithelial mesenchymal transition (EMT) plays a pivotal 
role in the dissemination of  malignant hepatocytes dur-
ing HCC progression[25]. Complete EMT often occurs in 
cancer cells as they lose cell-cell contacts, acquire a fibro-
blast-like morphology, and express mesenchymal marker 
proteins such as alpha smooth muscle actin (αSMA) and 
fibroblast-specific protein 1 (FSP1)[7], while shedding 
the epithelial cell markers cytokeratin and E-cadherin. 
This process often allows a firmly attached epithelial cell 
with appropriate apical-basal polarity to migrate into the 
interstitium and acquire characteristics of  mesenchymal 
cells (highly motile, invasive, resistant to apoptosis, pro-
duce ECM, transmigrate through basement membrane, 
and intravasate into endothelium). Hepatic cancer cells 
that undergo EMT appear to acquire the properties of  
stem cells[20]. After liver injury occurs, the major trigger 
of  EMT is the release of  chemokines, MMPs, and other 
growth factors with PDGF, TGF-β and Hh occupying 
principal roles in this process (Figure 2).

TGF-β
TGF-β is secreted by a variety of  cell types and exists as 
the following isoforms: TGF-β1, TGF-β2, and TGF-β3. 
The predominant isoform in inflammation and fibrosis 
is TGF-β1 and signaling is mediated through the type 
Ⅱ receptor. PDGF receptors transduce their signals 
through the PI3K/Akt pathways while TGF-β medi-
ates signaling through the Smad proteins. Inhibition of  
PDGF signaling decreases migration in vitro and efficient 
tumor suppression in vivo indicating that TGF-β medi-
ated EMT of  neoplastic hepatocytes is PDGF-depen-
dent[25,26]. Activation of  the type Ⅱ receptor results in di-
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merization with the type Ⅰ receptor and promotes bind-
ing to Smad2 and Smad3. The phosphorylated Smad2/
Smad3 complex associates with Smad4 and activates 
transcription. TGF-?  is a tumor suppressor protein that 
is frequently involved in tumor progression of  human 
cancer and also in tumor-promoting inflammation. Many 
liver cell types, including HSCs, hepatocytes, and liver 
sinusoidal endothelial cells are regulated by TGF-? [27].
Interestingly, as in other cancer cell types, TGF-?  has 
been shown to have a dual role in HCC with TGF-?  dis-
playing antitumor effects initially. For example, loss-of-
function of  TGF-?  type Ⅱ receptor results in enhanced 
susceptibility to HCC, suggesting that TGF-?  retains 
some tumor-suppressor functions[28]. Alternatively, trans-
genic mice with upregulated Smad7 expression restricted 
to hepatocytes demonstrate significantly diminished liver 
damage and fibrosis, demonstrating that TGF-?  signaling 
in hepatocytes is required for fibrogenesis progression[29].
The significance of  the dual nature of  these effects is 
unclear but are reflected across other cancer cell types 
and suggest that the effects of  TGF-?  may be time-, and 
context-dependent. For example, inactivation of  type Ⅱ
TGF-?  receptor in an animal model of  breast carcinoma 
increases CXCL5- and CXCL12-mediated recruitment 
of  myeloid-derived suppressor cells (MDSCs) which are 
potent suppressors of  the adaptive immune response 
to tumors[5]. Smad7 activation or RNA interference 

against Smad4 decreases TGF-?  signaling and attenu-
ates the expression of  pro-fibrotic genes[29,30]. However, 
hepatocytes isolated from livers exposed to high TGF-? 
in vivo demonstrate elongated, fibroblastoid hepatocytes 
expressing vimentin and collagen Ⅰ in comparison to 
healthy mouse livers[31].Other evidence for pro-tumor 
TGF-?-mediated downstream effects include studies by 
Morris et al[32] that show loss of  TGF-?  receptor type Ⅱ
in the context of  loss of  p53 decreased the incidence 
of  HCC in a murine model of  liver cancer. Cumula-
tive evidence from the Fabregat group demonstrates 
that TGF-?  signaling regulates seemingly contradic-
tory processes in normal liver cells and in HCC. TGF-
? -mediated growth inhibition and apoptosis (tumor-
suppressor characteristics) occur in non-transformed 
human fetal hepatocytes while transdifferentiation into 
a mesenchymal-stem cell-like phenotype with increased 
expression of  Snail, decreased E-cadherin expression, in-
creased Vimentin and N-cadherin expression (pro-tumor) 
is also TGF-?-mediated[33]. Indeed, parallel experiments 
using siRNA-mediated down regulation of  Snail showed 
that hepatocytes became sensitized to TGF-?  mediated 
apoptosis and that Snail and induction of  the EMT phe-
notype impairs TGF-?  apoptosis in HCC cells[34].

Nuclear factor-kappa B
Nuclear factor-kappa B (NF-?B) is an important regula-
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tor of  innate immunity,inflammation and also of  tumor 
progression. NF-κB is activated downstream from Toll-
like receptor (TLR)-MyD88 signaling and by signaling 
through the TNF-α and IL-1β pathways. NF-κB can 
also be activated as a result of  genetic alterations (am-
plification, mutations, or deletions) in tumor cells. NF-
κB activation is controlled by multiple factors and its 
transcriptional activity is linked to various inflammatory 
or pro-tumor states. Deficiency of  TIR8, an inhibitor 
of  Toll/IL-1 (TIR)-mediated NF-κB signaling, results in 
increased NF-κB activation with increased susceptibility 
to intestinal inflammation and carcinogenesis[35,36]. The 
causative role of  NF-κB in inflammation and cancer is 
further supported by studies in TAMs where the p50 
homodimers confer a pro-tumor phenotype through 
constitutively activated NF-κB[37]. Inhibition of  IKK-α 
releases inhibition of  maspin, a tumor suppressor, and 
reduces metastatic spread in malignant prostate epithelial 
cells[38]. Evidence also suggests that NF-κB determines 
the balance between pro- and anti-tumor effects. When 
NF-κB signaling is inhibited specifically in TAMs, they 
switch to a "classically" activated M1 phenotype (IL-
12high; IL-10low) and TAMs become cytotoxic to tumor 
cells again[39]. Clearly, the mechanisms involved in NF-
κB activation are complex and contradictory functions 
occur in liver physiology and hepatic carcinogenesis. 
In Mdr2-knockout mouse (a murine model of  chronic 
inflammation induced-HCC), NF-κB inhibition with in-
ducible IκB super-repressor resulted in decreased tumor 
progression[40]. In contrast, Maeda and colleagues dem-
onstrated that IKK-β knockout in hepatocytes during an 
acute liver injury model with diethylnitrosamine (DEN) 
resulted in mice with an absence of  chronic inflamma-
tion but increased hepatocarcinogenesis[41]. The timing 
and context of  NF-κB activation or inhibition deter-
mines the associated phenotype.

Signal transducer and activator of transcription
The signal transducer and activator of  transcription 
(STAT) family of  transcription factors also play a critical 
role in tumor and immune cells. STAT1 and STAT3 play 
a key role in liver fibrosis, antiviral defense, liver inflam-
mation, and liver regeneration. STAT1 confers a protec-
tive effect and functions in down-regulating pro-fibrotic 
mechanisms in the liver by inhibiting HSC proliferation, 
suppression of  β-PDGF receptor expression, inhibi-
tion of  TGF-β/Smad3 signaling, and stimulation of  
NK cell cytotoxicity[42]. In these loss of  function studies, 
STAT1-/- mice demonstrated accelerated CCL4-induced 
liver fibrosis and HSC proliferation.

STAT3 is one of  the main signaling proteins activated 
by HGF and EGF receptors, and is involved in oncogen-
esis, inhibition of  apoptosis, inhibition of  dendritic cells, 
and increased evasion of  the immune system[43]. Mice that 
lack STAT3 in the epidermis suffer from reduced wound 
re-epithelization, and are resistant to carcinogen-induced 
skin cancer development. Conversely, mice that overex-
press a constitutively active form of  STAT3 develop skin 

cancers with a shorter latency period[44].

Chemokines
Tumor cells can regulate their chemokine expression 
profile to recruit inflammatory cells, but also use these 
factors to enhance tumor growth and expression[2]. The 
chemokines CXCL1, CXCL2, CXCL3, and CXCL8 have 
been extensively studied in melanoma and they play a 
role in the regulation of  tumor growth. Inhibition of  
the CXCR2 receptor attenuates melanoma cell prolif-
eration[45], whereas overexpression of  CXCL1, CXCL2, 
CXCL3 enhances tumor cell colony-forming activity 
and tumorigenicity in nude mice[46,47]. Macrophage pro-
inflammatory chemokine 3α (CCL20), is a CC chemokine 
where the two cysteine (C) residues lie adjacent to each 
other, is overexpressed in pancreatic carcinoma cells and 
infiltrating macrophages adjacent to tumor cells, and en-
hances migration of  TAMs[48]. Angiogenesis is associated 
with chronic inflammatory states including arthritis, in-
fections, tumor growth and metastasis. The Glutamic ac-
id-Leucine-Arginine (ELR) motif  upstream of  the CXC 
domain in the chemokine family can stimulate endothelial 
cell chemotaxis and retains pro-angiogenic function. Met-
astatic potential also appears in part to be governed by 
chemokine receptors and chemokine signaling. CXCL12 
[stromal-cell derived factor-1 (SDF-1)] is a product of  
resting cells in multiple organs and also myofibroblasts. 
Binding to its receptor CXCR4 appears to play a critical 
role in cancer metastasis. Use of  CXCR4 antibodies can 
limit CXCL12-mediated chemotaxis of  mammary cells 
to distant organs during metastasis[49]. Indeed the amount 
of  CXCR4 expression in primary human tumors cor-
relates with the extent to which metastasis to the lymph 
nodes occurs in colorectal, breast, liver and esophageal 
cancer[50-52]. The critical threshold of  pro-inflammatory 
cytokines reached by the myriad of  contributing cells 
within the local tumor environment may augment the in-
vasive capacity of  transforming cells in a para- and auto-
crine fashion. For example, autocrine TNF-α upregulates 
the expression of  CXCR4 in ovarian cancer[53].

IAP
Recently, the inhibitor of  apoptosis (IAP) family of  
proteins have been shown to play a significant role in 
cancer-related inflammation and metastasis[54]. Altera-
tions in IAPs are found in many types of  human cancer 
including HCC and are associated with chemoresistance, 
disease progression, and poor prognosis[55]. IAPs func-
tion by regulating caspases (cysteine proteases that are 
involved in apoptosis) and through ubiquitin (Ub)-
dependent activation of  NF-κB transcription factors. 
IAP1 (cIAP1; encoded by BIRC2), cIAP2 (encoded by 
BIRC3) and XIAP (encoded by BIRC4) have particular 
roles that have been demonstrated in tumor maintenance 
and progression and deserve particular attention. Using 
a model of  breast cancer metastasis with MDA-MB-231 
cells and also MCF-7 cells stably transfected with sur-
vivin, Mehrotra and colleagues demonstrated that the 
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survivin-XIAP complex activates NF-κB and increases 
metastasis in a splenic injection model of  hepatic metas-
tasis[56]. Amplification of  chromosome 11q22 containing 
the BIRC2 and BIRC3 exons, occurs at high frequency in 
hepatocellular carcinoma with cIAP1 and cIAP2 func-
tioning as key mediators of  TNF-α-induced activation 
of  NF-κB[55]. TNF-related apoptosis-inducing ligand 
(TRAIL) induces apoptosis in hepatocellular cancer in a 
cIAP1-dependent fashion[54].

Other signals
Hepatic EMT defined as loss of  cell polarity and de-
crease in cell-cell adhesion was shown to be associated 
with reduced hepatocyte nuclear factor (HNF)-4 expres-
sion while restoration of  HNF-4α1 expression in aggres-
sive HCC cells re-programmed the cells into resting he-
patocytes[57]. Analysis of  Wnt/β-catenin signaling dem-
onstrated that nuclear accumulation of  β-catenin results 
in loss of  epithelial markers and increases expression of  
hepatic mesenchymal markers such as M2-pyruvate ki-
nase (M2-PK) and cytokeratin (CK19)[58]. In vivo loss of  
E-cadherin, upregulation of  Twist (a negative inhibitor 
of  E-cadherin transcription) and reduction of  cytosolic 
β-catenin correlate with more invasive HCC phenotypes, 
increases metastasis and reduces patient survival[59-61]. 
Recent studies have also shown that HCV core proteins 
lower Smad3 expression and decrease E-cadherin ex-
pression promoting EMT in human HCC cells[62], while 
hepatitis B virus encoded HBX upregulates STAT5b in 
HCC cell lines to augment EMT and cell invasion by re-
pressing E-cadherin[63].

CONCLUSION
Chronic inflammation and fibrosis in the liver can gener-
ate a local environment or niche that supports oncogen-
esis, tumor progression and metastasis, and in this regard 
the generation of  hepatocellular carcinoma parallels the 
key inflammatory physiology that is observed in wound 
healing and EMT. The current increased interest in 
cancer-associated inflammation may identify targets that 
modulate the more advanced or metastatic phenotypes in 
cancer and may yield novel therapeutic options.
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Abstract
AIM: To introduce an approach for the detection of 
putative genetic host factors that predispose patients 
to develop head and neck squamous cell carcinomas 
(HNSCC).

METHODS: HNSCC most often result from the ac-
cumulation of somatic gene alterations found in tu-
mor cells. A cancer-predisposing genetic background 
must be expected in individuals who develop multiple 
cancers, starting at an unexpectedly young age or 
with little carcinogen exposure. Genome-wide loss of 
heterozygosity (LOH) profiling by single nucleotide 
polymorphism microarray mapping was performed in a 
patient with a remarkable history of multifocal HNSCC.

RESULTS: Regions of genomic deletions in germline 
DNA were identified on several chromosomes with a 
remarkable size between 1.6 Mb and 8.1 Mb (mega 
base-pair). No LOH was detected at the genomic loca-
tion of the tumor suppressor gene P53 .

CONCLUSION: Specific patterns of germline DNA de-
letions may be responsible for susceptibility to HNSCC 

and should be further analyzed.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Head and neck squamous cell carcinomas (HNSCC) ac-
count for approximately 5% of  all carcinomas in indus-
trialized countries and represent the sixth most common 
human neoplasm with an estimated annual worldwide in-
cidence of  500 000 new cases. It is primarily a disease of  
older age, occurring most frequently in the 6th and 7th 
decades of  life[1]. Although significant advances in radia-
tion therapy, chemotherapy and surgical techniques have 
improved organ preservation and the overall quality-of-
life of  patients with HNSCC, the long-term survival rate 
for this disease has not improved significantly during the 
past 20 years and remains unchanged at approximately 
50%[2,3]. Tobacco-and alcohol consumption are highly 
significant etiological risk factors associated with the 
development of  HNSCC, with more than 90% of  these 
tumors occurring in individuals who smoke or drink[4]. 
However, beside these established risk factors individual 
variations in genetic susceptibility must contribute sig-
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nificantly to the development of  HNSCC, because some 
patients develop this cancer in the absence of  identifiable 
life-style or environmental factors, at an exceptionally 
young age or at multiple locations. About 5% of  patients 
with HNSCC develop synchronous or metachronous sec-
ond primary cancers of  the aerodigestivetract[5]. The con-
cept of  “field cancerization” hypothesizes that regions of  
the mucosal epithelium, although normal in appearance, 
are “preconditioned” by exposure to carcinogenic agents, 
thus priming them for the subsequent development of  
invasive lesions[3]. While the development of  most human 
malignancies is caused by the accumulation of  somatic 
gene alterations in the tumor cell, a genetic host factor for 
the development of  HNSCC in the form of  an additional 
predisposition on the genomic level can be supposed in 
patients with multiple primary head and neck tumors[4]. 
Loss of  heterozygosity (LOH) is an indicator of  genomic 
instability and has traditionally been characterized by the 
additional mutation of  an intact allele at chromosomal 
locations of  a pre-existing allelic heterozygosity, that is 
the somatic conversion of  heterozygous germline alleles 
to homozygosity[1]. Instead of  analyzing somatic LOH 
in DNA isolated from tumor tissue, the intention of  this 
report is to introduce an approach for the detection of  
potential host factors that predispose patients to develop 
HNSCC. Therefore, the remarkable results of  genome-
wide LOH profiling in a patient with multifocal head and 
neck cancer are presented.

MATERIALS AND METHODS
The study was performed in accordance with the guide-
lines of  the Helsinki Declaration of  1975, as revised in 
1983 and the local institutional review board approved 
this project. In 2000, a 49-year-old man was admitted to 
our department for further management of  multifocal 
invasive and microinvasive SCC as well as multifocal car-
cinoma in situ (SCCis) of  the upper aerodigestive tract. 
He had stopped smoking cigarettes after 15 pack-years 
in 1988 at the age of  37. He had no history of  alcohol 

abuse. In 1997, at the age of  46, excision biopsy of  an 
enlarged cervical lymph node had revealed a metastasis 
of  a poorly-differentiated SCC of  unknown primary. 
Despite radiological investigations, panendoscopy with 
directed biopsies of  Waldeyer’s ring, and bilateral tonsil-
lectomy, a primary tumor site was not detected at that 
time. After 3 cycles of  chemotherapy with cisplatin, 
5-fluorouracil and folinic acid, radiation therapy was 
administered to the neck with a cumulative radiation 
dose of  50 Gy. As the primary tumor site remained un-
clear and at the request of  the patient, the larynx and 
the pharynx were not irradiated. Between July 1998 and 
March 2007 control investigations including panendos-
copy performed at regular 3 to 6 mo intervals revealed 
multifocal invasive or microinvasive SCC and SCCis. An 
overview of  their locations is presented in Figure 1. The 
patient was repeatedly treated by local tumor resection, 
redifferentiation therapy with interferon alpha, isotreti-
noin and alpha-tocopherol as well as photodynamic 
therapy requiring temporary tracheostomy. Long-term 
improvement has not been attained up to now. No dis-
tant metastases have been found. Genome-wide LOH 
profiling by high-density single nucleotide polymorphism 
(SNP) microarray mapping was performed from periph-
eral blood using the Affymetrix 50K XbaI SNP Mapping 
Array. Genomic DNA was extracted from lymphocyte 
serum samples using the QIAGEN Blood and Cell Cul-
ture DNA kit according to the manufacturer’s instruc-
tions (Qiagen, Hilden, Germany). The Affymetrix 50K 
Xba I SNP mapping array includes around 58 000 SNPs. 
The chips and reagents were obtained from Affymetrix 
and the assays were carried out according to the manu-
facturer’s instructions. Briefly, 250 ng of  genomic DNA 
were digested with XbaI and then ligated to adapters. A 
generic primer that recognizes the adapter sequence was 
used to amplify adapter-ligated DNA fragments with 
polymerase chain reaction (PCR) conditions optimized 
to preferentially amplify fragments in the 250-2000 bp 
size range in a GeneAmp PCR System 9700 (Applied 
Biosystems, Foster City, CA, United States). After purifi-
cation with the QIAquick purification system (Qiagen), 
a total of  40 μg of  PCR product was fragmented and a 
sample was visualized on 4% TBE agarose gel to con-
firm the right average size. The fragmented DNA was 
then labeled with biotin and hybridized to the GeneChip 
Mapping 50K Xba Ⅰ Set for 20 h. The arrays were 
washed and stained using the Affymetrix fluidics Sta-
tion 450 and scanned with the GeneChip Scanner 3000 
G7 (Affymetrix, Santa Clara, CA, United States). The 
GeneChip Genotyping analysis software was used to 
analyze feature intensity data stored in the GCOS Data-
base, and provided high-throughput and accurate geno-
typing analysis.

RESULTS
Results are summarized in Figure 2 and Table 1. Regions 
of  genomic deletions were identified on chromosomes 3, 
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Figure 1  Overview of the locations with biopsy-proven squamous cell 
carcinoma and squamous cell carcinoma in situ in the upper aerodiges-
tive tract of the patient (profile of the hypopharynx, larynx and trachea 
and top view of the tongue, hypopharynx and larynx). L: Left; R: Right; 
SSC: Squamous cell carcinoma; SSCis: Squamous cell carcinoma in situ.
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Figure 2  Single nucleotide polymorphism 50K Xbal genome-wide loss of heterozygosity profiling using the AffymetrixGeneChip Assay System. Regions of 
genomic deletions between 1.6 Mb and 8.1 Mb in size were identified on 5 chromosomes (red labeling). The x-axis shows physical position along the respective chro-
mosome. The y-axis indicates -log10P values where homozygous stretches are due to loss of heterozygosity.
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5, 10, 13 and 14 ranging in size from 1.6 to 8.1 Mb (mega 
base-pair). It can be hypothesized that the identified re-
gions of  genomic deletions harbor candidate genes that 
might be associated with cancer susceptibility or a func-
tion in tumor suppression. No LOH was detected at the 
genomic location of  the tumor suppression gene P53, 
which is located on chromosome 17 (17p13.1).

DISCUSSION
Most human cancers are characterized by genetic insta-
bilities. Cancer arises when gene mutations lead to an 
abnormal cell resulting in clonal proliferation, aggressive 
spread, or prevention of  apoptosis. As with other solid 
tumors, HNSCC is believed to originate via a multistep 
process which involves defects in proto-oncogenes, sup-
pressor genes, and several other functionally essential 
genes. Mathematical models estimate that approximately 
seven to ten individual genetic alterations must accu-
mulate in the epithelia of  the upper aerodigestive tract 
for the development of  cancer[4,6-8]. The vast majority 
of  these mutations occur after birth and are found only 
in the cancer cells themselves. Inactivation of  the P53 
tumor suppressor gene is the most common genetic al-
teration in all cancer types and is extremely common in 
squamous cell carcinoma, with approximately 50% of  
the lesions expressing a mutant form of  the protein[4]. 
Most studies on genetic instability in HNSCC analyze 
somatic mutations in the cancer cell themselves using 
DNA from microdissected tumor tissue[9,10]. LOH is 
a frequent mechanism of  inactivation of  tumor sup-
pressor genes where one allele is already altered. LOH 
profiling is a powerful molecular genetic approach for 
high-resolution screening of  genomic alterations. The 
Affymetrix 50K SNP mapping array provides a high 
throughput tool for genotyping and genome-wide LOH 
profiling[9-12]. One advantage of  the use of  DNA mi-
croarray technology is the ability to screen the entire 
genome with small amounts of  DNA[13]. The most com-
mon method is to directly compare genotypes between 
tumor and paired germline DNA, in which only SNPs 
that are heterozygous in the germline are informative as 
to whether LOH has taken place[11]. About 5% of  can-
cers are thought to arise in the context of  a cancer-pre-
conditioning genetic background which predisposes for 
the development of  more than one tumor[5]. A cancer-
predisposing genetic background can be expected in in-
dividuals who develop multiple cancers during their life-

time, starting at an unexpectedly young age or develop 
HNSCC with little carcinogen exposure, e.g., smoking 
and drinking. We present here a novel approach to iden-
tify predisposing host factors for the development of  
HNSCC. Genome-wide LOH profiling by high-density 
SNP microarray mapping at the genomic level in a pa-
tient with an exceptional history of  multifocal head and 
neck cancer localized a number of  genomic deletions in 
the germline DNA with remarkable sizes. The advantage 
of  SNP mapping arrays is that they provide marker den-
sities that enable the identification of  “LOH regions” 
without the use of  paired “normal” DNA. Statistical 
software analysis are applied to identify strings of  con-
secutive homozygous SNPs that are longer than would 
be expected to appear by chance alone and, as such, 
every SNP is informative[10]. Frequent allelic loss at spe-
cific loci in the germline DNA of  patients with multiple 
primary HNSCC may therefore indicate the location of  
putative genes, whose malfunction can be evaluated as a 
host factor predisposing the patient for the development 
of  invasive carcinomas. Based on our observation we 
hypothesize that patterns of  germline deletions at mul-
tiple sites may favor the accumulation of  genetic defects 
in the epithelia of  the aerodigestive tract and finally in 
the cancer cell and predispose for the development of  
HNSCC. To validate the replication of  our findings with 
an increased number of  patients, this observation should 
be systematically studied using the presented approach 
in a selected group of  patients who clinically appear par-
ticular susceptible for the development of  HNSCC.

COMMENTS
Background
Head and neck squamous cell carcinomas (HNSCC) account for approximately 
5% of all carcinomas in industrialized countries and are primarily a disease of 
older age. More than 90% of HNSCC occur after tobacco or alcohol abuse. How-
ever, individual variations in genetic susceptibility must contribute significantly 
to the development of HNSCC because some patients develop this disease at 
an exceptionally young age, without the established risk factors of alcohol and 
tobacco consumption or at multiple primary sites in the head and neck.
Research frontiers
Loss of heterozygosity (LOH) is an indicator of genomic instability and has 
traditionally been analyzed at the somatic level in DNA isolated from tumor tis-
sue. The authors analyzed LOH at the genomic level in a patient with multiple 
primary HNSCC to identify genetic host factors that predisposed the patient to 
develop this disease.
Innovations and breakthroughs
The authors present a novel approach to identify predisposing host factors for 
the development of HNSCC in patients that clinically appear susceptible to this 
disease. They localized a number of genomic deletions with remarkable sizes in 
the germline DNA of a patient with an exceptional history of multifocal HNSCC 
by genome-wide LOH profiling.
Applications
The study results suggest that this approach should be systematically applied 
and the observation studied in a larger group of patients who clinically appear 
predisposed for the development of HNSCC. This approach might help to iden-
tify patients susceptible to head and neck cancer particularly in the follow-up of 
this disease. 
Terminology
Single nucleotide polymorphisms (SNPs) are short polymorphism in the human 
DNA. For each SNP the genomic location and frequency distribution in the aver-

  Chromosome Genomic location Size 

  Chromosome 3 123.2-126.4 Mb 3.2 Mb 
  Chromosome 5 128.3-132.8 Mb 4.5 Mb
  Chromosome 10   97.1-105.2 Mb 8.1 Mb
  Chromosome 13     71.3-72.9 Mb 1.6 Mb
  Chromosome 14        59.2-61 Mb 1.8 Mb

Table 1 Summary of loss of heterozygosity regions on five 
chromosomes
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age human population is known. The statistical analysis of the hybridization pat-
tern on SNP arrays can indicate LOH regions with high probability. The technique 
was used for genome-wide LOH profiling to identify regions of genomic deletions. 
Peer review
The authors present an interesting approach and an interesting finding in a 
single case study. Future research should try to validate the findings with an 
increased number of patients. 
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Abstract
The association of gastrointestinal malignancy with 
aplastic anemia has rarely been reported in the litera-
ture. Although it is not clear whether there is any di-
rect relationship between aplastic anemia and gastro-
intestinal cancers, a retrospective analysis did suggest 
the notion that patients with aplastic anemia might 
have a higher incidence of colorectal cancer. Here, we 
report the diagnostic and therapeutic challenges in 
managing a patient with aplastic anemia and advanced 
colorectal cancer. Early diagnosis is challenging due 
to overlapping symptomatology and clinical features, 
increased risk of diagnostic procedures, and confound-
ing complications arising from aplastic anemia and its 
treatment. A high index of suspicion and multidisci-
plinary input are essential.
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INTRODUCTION
The association of  aplastic anemia with gastrointestinal 
malignancy has rarely been described in the literature, 
except in patients with Fanconi’s anemia. In fact, Fan-
coni’s anemia is a rare autosomal recessive disorder, 
consisting of  aplastic anemia and genetic predisposition 
to cancers. In this congenital condition, the susceptibility 
to the development of  cancer is accounted by the inher-
ited chromosomal fragility and genetic defects in DNA 
repair mechanisms[1]. Although it is not clear whether 
there is any direct relationship between aplastic anemia 
and solid tumors, a retrospective analysis of  734 patients 
suggested that aplastic anemia patients did show a higher 
incidence of  colorectal cancer (CRC)[2]. There is also evi-
dence that solid cancers occur after treatment of  aplastic 
anemia[3,4]. On the other hand, there has been interesting 
speculation that autoimmunity against hematopoietic 
stem cells which mediates acquired aplastic anemia, may 
actually be anti-neoplastic[5].

Here, we report the diagnostic and therapeutic chal-
lenges in managing a patient with aplastic anemia who 
subsequently developed advanced CRC.

CASE REPORT
A 55-year-old photographer initially presented with the 
incidental finding of  pancytopenia. He had otherwise 
good past health. The patient had prior workplace ex-
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posure to chemicals used in film development. Physical 
examination was unremarkable. White cell count (WCC) 
was 3.8 × 109/L (normal: 4 × 109/L-11 × 109/L) with a 
normal differential count, hemoglobin 89 g/L (normal: 
135-175 g/L) and platelet count 40 × 109/L (normal: 
150 × 109/L -400 × 109/L). Anemic workup, particularly 
vitamin B12 and folate levels, were normal. Reticulocyte 
count was 1%. Both Ham’s test and urine hemosiderin 
were negative. Finally, bone marrow examination showed 
hypocellular and hypoplastic marrow without increased 
blasts, dysplastic features or other abnormal cellular infil-
tration. Thus, the diagnosis of  acquired aplastic anemia 
was made. The patient was started on cyclosporine 50 
mg twice daily thereafter with stable blood counts, until 
two years later, when he was found to have reducedhe-
moglobulin level to 5.1g/dL necessitating repeated red 
cell transfusions. At that time, the total WCC was 2.7 × 
109/L with neutropenia of  1.3 × 109/L, platelet count 
of  11 × 109, and reticulocyte count less than 1%. Re-
peated bone marrow examination showed particularly 
severe erythroid and megakaryocytic hypoplasia, while 
excluding hypoplastic leukemia andmyelodysplastic syn-
drome. He was thus diagnosed as having severe aplastic 
anemia (SAA) and was treated with a course of  intrave-
nous horse anti-thymocyte globulin at a dose of  2720 
mg daily (40 mg/kg per day) for 4 d. He subsequently 
developed severe gastrointestinal bleeding. Colonoscopy 
was not performed at that juncture due to low platelet 
count. Moreover, the patient had repeated episodes of  
septicemia respectively caused by Escherichia coli, Entero-
coccus gallinarium and cytomegalovirus, which were treated 
with prolonged courses of  broad-spectrum antibiotics 
including ceftazidime, ertapenem and meropenem, and 
foscarnet. Plain computed tomography (CT) of  the 
abdomen and gallium scintigraphy were arranged to 
identify possible occult sources of  recurrent bacteremia. 
A contrast CT scan was not performed due to impaired 
renal function. The plain CT images revealed four hy-
podense lesions in the liver. Gallium scintigraphy showed 
no corresponding uptake in the liver lesions but in-
creased uptake at the proximal descending colon instead. 
Subsequent colonoscopy showed a fungating tumor at 
the proximal descending colon with biopsy confirmed 
adenocarcinoma. Positron emission tomography (PET) 
demonstrated a primary colon cancer with multiple liver 
metastases (Figure 1). Carcinoembryonic antigen was 
also grossly raised (460 ng/mL). He was referred to the 
medical oncologist for consideration of  systemic therapy 
for metastatic CRC. Systemic chemotherapy was not 
recommended due to his underlying aplastic anemia and 
cytopenia. Single agent cetuximab was suggested but he 
could not afford the treatment. He was thus treated with 
best supportive care only and died of  advanced CRC ap-
proximately 8 mo after the diagnosis.

DISCUSSION
Despite the speculated association between aplastic 

anemia and gastrointestinal malignancy as summarized 
in the Introduction, we cannot ascertain such a causal 
relationship between aplastic anemia and CRC in our pa-
tient. In fact, the co-existence of  these two diseases may 
be coincidental as CRC is a commonly encountered ma-
lignancy nowadays with a rising incidence in most coun-
tries. In the presented patient, there could have been 
occupational exposure to benzene and its metabolite hy-
droquinone, which are present in radiographic developer 
solutions, and have been reported to be both toxic to the 
bone marrow and possibly carcinogenic[6,7]. Nonetheless, 
a few interesting diagnostic and therapeutic challenges in 
managing this case are worth highlighting.

First, colon cancer and aplastic anemia share many 
similar presenting symptoms and clinical features, lead-
ing to difficulties in the diagnosis of  one condition 
when the other is present. Gastrointestinal bleeding is 
a well-known complication and presenting symptom in 
colorectal cancer[8], and also, albeit less commonly, in 
aplastic anemia. A recent study showed that up to 12% 
of  patients with SAA developed overt gastrointestinal 
bleeding, especially lower gastrointestinal bleeding, due 
to neutropenicenterocolitis or solitary ulcer[9]. Chronic 
thrombocytopenia frequently present in bone marrow 
failure states, including aplastic anemia, can also be as-
sociated with active gastrointestinal bleeding[10]. Anemia 
is another common clinical feature encountered in both 
diseases. Notably, patients with colorectal cancer can 
present with anemia alone, related to iron deficiency and 
chronic blood loss[8], while anemia is disease-defining 
in aplastic anemia. Moreover, recurrent infections may 
occur in both CRC and aplastic anemia. Streptoccocusbovis 
septicemia is classically associated with colorectal can-
cer[11]; other organisms include Enterobacter[12] and Clostrid-
ium species[13]. Infections that are seen in aplastic anemia 
also include Streptoccocus and Clostridium species, in addi-
tion to Escherichia coli and others[14]. In the present case 
where an initial diagnosis of  aplastic anemia had been 
established, new symptoms of  gastrointestinal bleeding, 
worsening anemia and recurrent bacterial septicemia 
were thought to be related to the complications or pro-
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Figure 1  Positron emission tomography-computed tomography showing 
the hypermetabolic primary colon cancer (right arrow) and multiple liver 
metastases (left arrow).



gression of  aplastic anemia, thus delaying investigations 
in search of  other important causes including colorectal 
malignancy.

Second, there is a higher risk of  performing invasive 
diagnostic procedures in patients with aplastic anemia. 
Neutropenia and thrombocytopenia increase rates of  
infection and bleeding with colonoscopy and biopsy. 
Due to abnormal renal function caused by a combina-
tion of  sepsis and administration of  renal-toxic drugs 
including cyclosporine and foscarnet, contrast-enhanced 
CT could not be performed to delineate the underlying 
pathology in order to avoid contrast nephropathy.At the 
time of  reporting, the PET imaging modality was not 
readily accessible especially as the patient was financially 
challenged, although this could potentially serve as a less 
invasive diagnostic means in patients with limiting co-
morbidities suspected of  colon cancer.

Last but not least, the management of  either aplastic 
anemia or colon cancer is highly dependent on the treat-
ment response, toxicities and complications of  the other 
condition among other factors, often presenting a clini-
cal dilemma. In view of  poor marrow tolerance with low 
blood counts and recurrent septicemia caused by pro-
longed neutropenia and the administration of  immuno-
suppressive agents, systemic chemotherapy as treatment 
of  metastatic CRC was decided against in the present case 
as there was a high probability of  treatment-related mor-
bidity and mortality. Unfortunately, the patient could not 
afford targeted therapy as he might potentially have ben-
efited from it without a significant drop in blood counts.
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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 t-test (group or paired comparisons), chi-
squared test, Ridit, probit, logit, regression (linear, curvilinear, or 
stepwise), correlation, analysis of  variance, analysis of  covariance, 
etc. 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 (n). 
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, WJCO requires authors of  all papers to declare any compet-
ing commercial, personal, political, intellectual, or religious interests  
in relation 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  organizations], and has received research 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 clearly in the text that all persons gave their 
informed consent prior to their inclusion in the study. Details that 
might disclose the identity of  the subjects under study should be 
omitted. Authors should also draw attention to the Code of  Ethics 
of  the World Medical Association (Declaration of  Helsinki, 1964, as 

revised in 2004).

Statement of human and animal rights
When reporting the results from experiments, authors should follow 
the highest standards and the trial should 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 
Trials) and/or the World 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 expressed 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 
manuscripts. Authors should follow the relevant guidelines for the care 
and use of  laboratory animals of  their institution or national animal 
welfare committee. For the sake of  transparency in regard to the 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://www.clinicaltrials.
gov sponsored by the United States National Library of  Medicine and 
we encourage all potential contributors to register with it. However, in 
the case that other registers become available you will be duly notified. 
A letter of  recommendation from each author’s organization should 
be provided with the contributed article to ensure the privacy and 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/2218-4333office. Authors are 
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 wjco@
wjgnet.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 JF, Zou CC, Hong F and Wu 
XM designed the research; Wang CL, Zou CC, Hong F and Wu 
XM performed the research; Xue JZ and Lu JR contributed new 
reagents/analytic tools; Wang CL, Liang L and Fu JF analyzed the 
data; and Wang CL, Liang L and Fu JF wrote the paper.

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

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

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

Peer reviewers: All articles received are subject to peer review. 
Normally, three experts are invited for each article. Decision for 
acceptance is made only when at least two experts recommend 
an article for publication. Reviewers for accepted manuscripts are 
acknowledged in each manuscript, and reviewers of  articles which 
were not accepted will be acknowledged at the end of  each issue. 
To ensure the quality of  the articles published in WJCO, 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.

Abstract
There are unstructured abstracts (no less than 256 words) and 
structured abstracts (no less than 480). The specific requirements 
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 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
more than 26 words).

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

Text
For articles of  these sections, original articles 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.wjgnet.com/2218-4333/g_info_list.htm. 

Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a 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.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; http://
www.wjgnet.com/1007-9327/13/4891.pdf; http://www.
wjgnet.com/1007-9327/13/4986.pdf; http://www.wjgnet.
com/1007-9327/13/4498.pdf. Keeping all elements compiled is 
necessary in line-art image. Scale bars should be used rather than 
magnification factors, with the length of  the bar defined in the 
legend rather than on the bar itself. File names should identify 
the figure and panel. Avoid layering type directly over shaded or 
textured areas. Please use uniform legends for the same subjects. 
For example: Figure 1  Pathological changes in atrophic gastritis 
after treatment. A: ...; B: ...; C: ...; D: ...; E: ...; F: ...; G: …etc. It is 
our principle to publish high resolution-figures for the printed and 
E-versions.

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

Notes in tables and illustrations
Data that are not statistically significant should not be noted. aP < 
0.05, bP < 0.01 should be noted (P > 0.05 should not be noted). If  
there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
A third series of  P values can be expressed as eP < 0.05 and fP < 0.01. 
Other notes in tables or under illustrations should be expressed as 
1F, 2F, 3F; or sometimes as other symbols with a superscript (Arabic 
numerals) in the upper left corner. In a multi-curve illustration, each 
curve should be labeled with ●, ○, ■, □, ▲, △, etc., in a certain 
sequence.
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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 square brackets should be 
typeset normally. For example, “Crohn’s disease (CD) is associated 
with increased intestinal permeability[1,2]”. If  references are cited 
directly in the text, they should be put together within the text, for 
example, “From references[19,22-24], we know that...”

When the authors write the references, please ensure that 
the order in text is the same as in the references section, and also 
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PMID and DOI
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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 
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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
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Both personal authors and an organization as author 
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No author given
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Volume with supplement
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2002; 42 Suppl 2: S93-99 [PMID: 12028325   DOI:10.1046/
j.1526-4610.42.s2.7.x]

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

section analysis in revision total joint arthroplasty. Clin Orthop 
Relat Res 2002; (401): 230-238 [PMID: 12151900   DOI:10.10
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No volume or issue
9	 Outreach: Bringing HIV-positive individuals into care. HRSA 

Careaction 2002; 1-6 [PMID: 12154804]

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

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

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

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

2nd ed. Wieczorek RR, editor. White Plains (NY): March of  
Dimes Education Services, 2001: 20-34

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

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

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

tional effort statistic for genetic programming. In: Foster JA, 
Lutton E, Miller J, Ryan C, Tettamanzi AG, editors. Genetic 
programming. EuroGP 2002: Proceedings of  the 5th 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.cdc.gov/
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Patent (list all authors)
16	 Pagedas AC, inventor; Ancel Surgical R&D Inc., assi
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and positioning tool assembly. United States patent US 
20020103498. 2002 Aug 1

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

Statistical expression
Express t test as t (in italics), F test as F (in italics), chi square test as 
χ2 (in Greek), related coefficient as r (in italics), degree of  freedom 
as υ (in Greek), sample number as n (in italics), and probability as P (in 
italics).
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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, c (glucose) 6.4 ± 2.1 mmol/L; blood 
CEA mass concentration, p (CEA) = 8.6 24.5 mg/L; CO2 volume 
fraction, 50 mL/L CO2, not 5% CO2; likewise for 40 g/L formal-
dehyde, not 10% formalin; and mass fraction, 8 ng/g, etc. Arabic 
numerals such as 23, 243, 641 should be read 23 243 641.

The format for how to accurately write common units and 
quantums can be found at: http://www.wjgnet.com/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 abbreviations, such as 
DNA, RNA, HIV, LD50, PCR, HBV, ECG, WBC, RBC, CT, ESR, 
CSF, IgG, ELISA, PBS, ATP, EDTA, mAb, can be used directly 
without further explanation.

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

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

Frontier: http://www.wjgnet.com/2218-4333/g_info_201007 
23141035.htm

Topic highlight: http://www.wjgnet.com/2218-4333/g_info_2010 
0723141239.htm

Observation: http://www.wjgnet.com/2218-4333/g_info_201007 
23141532.htm

Guidelines for basic research: http://www.wjgnet.com/2218-4333/
g_info_20100723142040.htm

Guidelines for clinical practice: http://www.wjgnet.com/2218- 
5836/g_info_20100723142248.htm

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

Original articles: http://www.wjgnet.com/2218-4333/g_info_2010 
0723145856.htm

Brief  articles: http://www.wjgnet.com/2218-4333/g_info_201007 
23150253.htm

Case report: http://www.wjgnet.com/2218-4333/g_info_201007 
23150420.htm

Letters to the editor: http://www.wjgnet.com/2218-4333/g_info_ 
20100723150642.htm

Book reviews: http://www.wjgnet.com/2218-4333/g_info_201007 
23150839.htm

Guidelines: http://www.wjgnet.com/2218-4333/g_info_201007 
23150924.htm

SUBMISSION OF THE REVISED 
MANUSCRIPTS AFTER ACCEPTED
Please revise your article according to the revision policies of  WJCO. 
The revised version including manuscript and high-resolution image 
figures (if  any) should be re-submitted online (http://www.wjgnet.
com/2218-4333office/). 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 Copyright assignment form from http://www.
wjgnet.com/2218-4333/g_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.wjgnet.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 
WJCO 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 EurekAlert/AAAS (http://www.eurekalert.org). The title for 
news items should be less than 90 characters; the summary should 
be less than 75 words; and main body less than 500 words. Science 
news items should be lawful, ethical, and strictly based on your 
original content with an attractive title and interesting pictures.

Publication fee
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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