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Abstract
Peroxisome proliferator-activated receptors (PPARs) 
are ligand-dependent nuclear transcription factors and 
members of the nuclear receptor superfamily. Of the 
three PPARs identified to date (PPARγ, PPARβ/δ, and 
PPARα), PPARγ has been studied the most, in part 
because of the availability of PPARγ agonists (also 
known as PPARγ ligands) and its significant effects on 
the management of several human diseases including 
type 2 diabetes, metabolic syndrome, cardiovascular 
disease and cancers. PPARγ is expressed in many 
tumors including lung cancer, and its function has been 
linked to the process of lung cancer development, 
progression and metastasis. Studies performed in 
gynogenic and xenograft models of lung cancer 
showed decreased tumor growth and metastasis in 
animals treated with PPARγ ligands. Furthermore, data 
are emerging from retrospective clinical studies that 
suggest a protective role for PPARγ ligands on the 
incidence of lung cancer. This review summarizes the 

research being conducted in this area and focuses on 
the mechanisms and potential therapeutic effects of 
PPARγ ligands as a novel anti-lung cancer treatment 
strategy.

© 2010 Baishideng. All rights reserved.

Key words: Gene expression and regulation; Human 
lung cancer; Ligands; Peroxisome proliferator-activated 
receptor γ; Signaling pathways; Therapy
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INTRODUCTION
Lung carcinoma is the most common malignant tumor 
in the world, and is the leading cause of  carcinoma death 
in the United States[1]. This malignancy causes more 
deaths than the next three most common cancers com-
bined (colon, breast and prostate). The expected 5-year 
survival rate for all patients in whom lung cancer is diag-
nosed is less than 13% compared to 65% for colon, 89% 
for breast, and 99% for prostate cancer although incre-
mental and significant advances in available systemic 
treatments have taken place in the last decade to improve 
survival rates and to provide better palliation for patients 
with non-small-cell (NSCLC) and small-cell lung carci-
noma (SCLC). Cigarette smoking is strongly correlated 
with the onset of  lung cancer and effective tobacco con-
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trol efforts have resulted in substantial declines in tobac-
co use and tobacco-related cancer deaths in the United 
States[2]. Clinical approaches such as chemo- and radio-
therapies have shown only a modest improvement in 
survival of  patients with advanced NSCLC and limited-
stage SCLC. However, agents targeting specific kinases 
and growth factor receptors show promise. For example, 
Erlotinib, an epidermal growth factor receptor (EGFR) 
tyrosine kinase inhibitor, and bevacizumab, a humanized 
monoclonal antibody that recognizes and blocks vascular 
endothelial growth factor A are currently used in medical 
practice and have resulted in improved survival[3]. Unfor-
tunately, targeted therapies which are initially effective in 
certain small subpopulations of  patients, eventually fail 
to control the tumor. More recently, genomic and pro-
teomic studies have unveiled a means for the molecular 
profiling of  tumor tissue from patients with NSCLC, 
and could allow tailoring of  therapy. Although there are 
still significant challenges to implementing genomic and 
proteomic testing in clinical practice, the rapid develop-
ment of  newer technologies provides hope for overcom-
ing these barriers[4]. The limitations in efficacy and safety 
associated with available treatments for lung cancer espe-
cially NSCLC underscore the need for novel agents with 
improved efficacy and safety profiles. Therefore, under-
standing and searching for novel molecular mechanisms 
responsible for lung cancer initiation and proliferation 
are needed to identify new targets for therapy.

Since their discovery in 1990, peroxisome prolifer-
ator-activated receptors (also known as PPARs) have 
emerged as potential targets for anti-cancer therapies. 
Although originally cloned in an attempt to identify the 
molecular mediators of  peroxisome proliferation in the 
liver of  rodents, PPARs are now recognized as versatile 
members of  the ligand-activated nuclear hormone re-
ceptor superfamily of  transcription factors that includes 
receptors for steroids, thyroid hormone, retinoic acid, 
and vitamin D, among others[5]. PPARs are considered to 
play key roles in diverse physiological processes ranging 
from lipid metabolism to inflammation, and have been 
implicated in diseases such as cancer, atherosclerosis, and 
diabetes[5,6]. Although information about the function of  
PPARs in lung is scarce, data implicating these molecules 
in key processes in lung biology are rapidly emerging.

Three subtypes of  PPARs have been identified and 
cloned: PPARα, PPARβ/δ, and PPARγ. These subtypes 
are distinguished by their tissue distribution, and to a 
lesser degree, by their ligand specificity. PPARα has 
been implicated in hepatocellular carcinoma in rodents, 
whereas activation of  PAPRβ/δ promotes human lung 
carcinoma cell proliferation through phosphatidylinositol 
3-kinase/Akt activation[7-9]. Of  the three PPARs identi-
fied to date, PPARγ represents the most promising target 
in view of  the many reports implicating this molecule in 
lung carcinoma cell growth. As a tumor growth modi-
fier, PPARγ is involved in the regulation of  cancer cell 
apoptosis, proliferation, and differentiation, and through 

its actions on the tumor cell environment, it affects an-
giogenesis, inflammation, and immune cell functions[10]. 
Hence, many studies are underway to test the impact of  
targeting this receptor for therapeutic purposes. This 
review focuses on PPARγ, its role in lung carcinogenesis, 
and the potential therapeutic role of  PPARγ agonists in 
lung cancer.

FUNCTION OF PPARγ
PPARγ was discovered based on its similarity to PPARα. 
By utilizing three different promoters, a single PPARγ 
gene encodes three isoforms namely PPARγ1, PPARγ2 
and PPARγ3[11]. Analysis of  PPARγ1 and γ3 transcripts 
revealed that they both translate into the same PPARγ1 
protein[12]. PPARγ2 protein contains an additional 30 
amino acids at its N-terminus compared to PPARγ1 
(Figure 1A). Like all nuclear receptors, PPARγ shares 
a similar structure with functional domains called A/B 
(ligand-independent domain), C (DNA binding domain), 
D (hinge domain) and E-F (ligand binding domain) 
(Figure 1B). PPARγ is highly expressed in adipose tis-
sue and it is a master regulator of  adipocyte differentia-
tion[13,14]. In addition to its role in adipogenesis, PPARγ 
serves as an important transcriptional regulator of  glu-
cose and lipid metabolism, and it has been implicated in 
the regulation of  insulin sensitivity, atherosclerosis, and 
inflammation[15,16]. PPARγ is also expressed in multiple 
tissues such as breast, colon, lung, ovary, prostate, and 
thyroid where it was demonstrated to regulate cellular 
proliferation, differentiation, and apoptosis[17,18]. Several 
leukocyte populations, including monocytes/macro-
phages, lymphocytes, and dendritic cells, have also been 
shown to express PPARγ suggesting a role for this 
molecule in the regulation of  immune responses[19]. In 
that regard, PPARγ appears to be a negative regulator 
of  macrophage function since its activation suppresses 
the production of  inflammatory cytokines, chemokines, 
metalloproteases, and nitric oxide[20,21]. These PPARγ-
mediated anti-inflammatory effects are not restricted to 
monocytes, as treatment with PPARγ agonists results in 
the inhibition of  cytokine/chemokine production in sev-
eral epithelial and stromal cells[22].

Several natural and synthetic compounds have been 
identified as activators of  PPARγ. The insulin sensi-
tizing anti-diabetic drugs known as thiazolidinediones 
(TZDs) were the first compounds identified as PPARγ 
agonists[23]. The TZDs, rosiglitazone and pioglitazone, 
are currently in clinical use for the treatment of  type-
II diabetes, while troglitazone was withdrawn from 
clinical use because it was linked to idiosyncratic liver 
toxicity[24]. Other non-TZD synthetic ligands include 
certain non-steroidal anti-inflammatory drugs such as 
isoxzolidinedione JTT-501[25], tyrosine-based GW7845[26] 
and DH9, a newly synthesized PPARγ agonist[27]. Natu-
rally occurring compounds that activate PPARγ include 
long chain polyunsaturated fatty acids which are found 
in fish oil (e.g. n-3-PUFA, n-6-PUFA), eicosanoids 
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[e.g. 15-deoxy-∆12,14 prostaglandin J2 (15d-PGJ2)], lipid 
hydroperoxides [e.g. 9(s)-HODE and 13(s)-HODE], 
as well as 15d-PGJ2 and 12/15 lipoxygenase products 
15-hydroxyeicosatetraenoic acid (15-HETE) and 13-hy-
droxyoctadecadienoic acid (13-HETE)[28-30]. Compounds 
from several medicinal plants such as Saurufuran A from 
Saururus chinesis[31], flavonoids such as chrysin and kamp-
ferol[32], phenolic compounds from Glycyryhiza uralensis[33], 
and curcumin from Curcumin longa[34,35] have also been 
shown to activate PPARγ. Recently, several new com-
pounds such as (S)-3-{4-[3-(5-methyl-2-phenyl-oxazol-
4-yl)-propyl]-phenyl}-2-1,2,3-triazol-2-yl-propionic acid 
(17j), a new series of  2-aryloxy-3-phenyl-propanoic acids 
and aleglitazar were identified as potent human PPARα/γ 
dual agonists with demonstrated oral bioavailability and 
certain encouraging responses[36-38].

The synthetic ligands described above and some 
natural ligands have been used to elucidate the role of  
PPARγ in cellular functions both in vitro and in vivo. 
However, several caveats should be taken into consider-
ation when interpreting such studies. First, the natural 
ligands that regulate PPARs in vivo have not been com-
pletely elucidated. Second, not all PPARγ ligands exert 
their effects through PPARγ since there is strong evi-
dence for the activation of  PPARγ independent signals, 
particularly with the natural ligand 15d-PGJ2, among 
others[39-41]. Third, high affinity ligands for PPARγ (e.g. 
the TZDs) may exert partial agonist/antagonist activ-
ity[42]. The latter might be due to the fact that individual 
TZDs induce different PPARγ conformations that 
influence the recruitment of  different coactivator/co-
repressor molecules. Thus, the activity of  the PPARγ 
transcriptional complex is influenced by the context of  
a given gene and its promoter, and by the relative avail-
ability of  pertinent coactivator/corepressor molecules 
in the cell or tissue of  interest. 

PPARγ AND PPARγ LIGANDS IN LUNG 
CANCER
Among the three PPAR subtypes, the role of  PPARγ has 
been investigated the most in lung cancer occurrence, 
progression and therapy. PPARγ is expressed in many 
cancers including colon, breast, and prostate, and with 
few exceptions, PPARγ ligands are antiproliferative in 
these tumor cells. Similarly, PPARγ is expressed in both 
SCLC and non-SCLC (NSCLC)[43]. NSCLC accounts for 
80% of  malignant lung cancer and SCLC constitutes the 
remainder[44]. Based on the cellular phenotype, NSCLC 
is further subdivided into squamous cell carcinoma, 
adenocarcinoma, and large cell carcinomas[45]. SCLC 
tumors grow rapidly, and are more likely to metastasize 
earlier than NSCLC. PPARγ ligands induce growth ar-
rest and promote changes associated with differentia-
tion as well as apoptosis in a variety of  lung carcinoma 
cell lines, although most of  the knowledge available in 
this area has been generated in NSCLC[46,47]. One recent 
animal study demonstrated a reduction of  endogenous 
PPARγ ligands coinciding with increased PPARα before 
the formation of  lung tumors induced by treatment with 
4-(methylnitrosamino)-l-(3-pyridyl)-lbutanone (NNK)[48]. 
These results suggest that increased PPARγ activity by 
its ligands and inhibition of  PPARα could prevent the 
formation of  lung tumors and/or enhance the effective-
ness of  therapy against lung cancer[48]. This study also 
suggests the possibility of  using endogenous PPARγ 
ligands such as 13-HETE and 15-HETE as tumor mark-
ers for lung cancer. 

The exact mechanisms linking modulation of  PPARγ 
to cancer growth inhibition remain unclear, but include 
effects on transcription factors and gene expression, 
among others. In addition, current evidence suggests 
that PPARγ ligands affect the intracellular machinery 
involved in cell signaling and cell cycle control, the sup-
pression of  mitogenic factors and tumor promoters, 
the induction of  tumor suppressors, the prevention of  
tumor cell recognition of  extracellular mitogenic signals, 
the break down of  nicotine and nicotinic acetylcholine 
receptor-induced cell survival, and the expression of  
angiogenic factors needed for the development of  the 
vascular networks that supply tumor cells (Figure 2)[49]. 
These mechanisms are discussed below as they relate to 
the actions of  PPARγ ligands in lung cancer.

PPARγ ligands, cell cycle progression and apoptotic-
signaling pathways 
Several studies demonstrate that PPARγ ligands affect 
apoptosis and cell cycle control in lung cancer cells. For 
example, PPARγ ligands have been found to inhibit the 
growth of  A549 adenocarcinoma cells due to G0/G1 cell 
cycle arrest through the upregulation of  mitogen-activat-
ed protein kinases extracellular signal-regulated kinases 1 
and 2 (ERK1/2) and the downregulation of  G1 cyclins 
D and E[22]. Troglitazone inhibits NSCLC proliferation in 
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part by stimulating the expression of  the GADD 153 (for 
growth arrest and DNA damage inducible gene-153)[50]. Also, 
troglitazone was found to induce apoptosis in NCI-H23 
cells via a mitochondrial pathway through the activation 
of  ERK1/2[51]. Others have shown similar results using 
CRL-202 cells, and further demonstrated that troglitazone 
downregulated the expression of  the anti-apoptotic mol-
ecules Bcl-w and Bcl-2 as well as decreased the activity 
of  stress-activated protein kinase (SAPK)/c-Jun NH2-
terminal kinase (JNK)[52]. PPARγ ligands also induce the 
expression of  death receptor 5 (DR5) and increase DR5 
distribution at the cell surface in addition to reducing 
cellular FLICE-like inhibitory protein levels in human 
lung cancer cells. These agents cooperated with tumor 
necrosis factor-related apoptosis-inducing ligand to en-
hance apoptosis in human lung carcinoma cells[53]. One 
report found that PPARγ ligands 1-[(trans-methylimino-
N-oxy)-6-(2-morpholinoethoxy)-3-phenyl-(1H-indene-2-
carboxylic acid ethyl ester (KR-62980)] and rosiglitazone 
induce NSCLC apoptotic cell death mainly through 
PPARγ-dependent reactive oxygen species formation via 
increased expression of  proline oxidase, a redox enzyme 
expressed in mitochondria[46].

PPARγ ligands and kinase signaling pathways
Reports implicate alterations in the mammalian target of  
rapamycin (mTOR) signaling pathway in the anti-tumor 
effects of  PPARγ ligands. Rosiglitazone, for example, 
was reported to reduce the phosphorylation of  Akt, an 
upstream positive modulator of  mTOR, and increase 
phosphatase and tensin homolog deleted on chromo-
some 10 (PTEN), a negative modulator of  mTOR, in 
NSCLC H1792 and H1838 cells; this resulted in inhi-
bition of  cell proliferation[54]. Although the effects of  
rosiglitazone on Akt and PTEN were blocked by the 
selective PPARγ antagonist GW9662 and restored by 
transient overexpression of  PPARγ, cell growth was not 
entirely restored suggesting the involvement of  addition-
al PPARγ-independent mechanisms of  action. Further 
work revealed that rosiglitazone increased the phosphor-
ylation of  AMP-activated protein kinase α, a target of  
LKB1, and tuberous sclerosis complex 2 (TSC2), anoth-
er potential tumor suppressor and upstream downregu-
lator of  mTOR. The latter pathway was independent of  
PPARγ since GW9662 and PPARγ siRNA did not affect 
it[54,55]; others have shown similar increases in PTEN ex-
pression induced by rosiglitazone[56].

One recent study showed that troglitazone may bind 
directly to EGFR, inhibit its signaling, and stimulate its 
internalization independent of  PPARγ in several cells 
including lung cancer cells[41]. In that work, inhibition of  
EGF-induced Akt phosphorylation most likely account-
ed for the growth arrest of  lung cancer cells treated with 
troglitazone[41].

Tumor suppressor genes are also affected by PPARγ 
ligands. For example, PGJ2 and ciglitazone stimulated 
the expression of  p21 mRNA and protein expression in 
NSCLC, and this coincided with a reduction in cyclin D1 
mRNA expression[57]. Of  note, p21 antisense oligonucle-
otides significantly blocked lung carcinoma cell growth 
inhibition observed with PPARγ ligands thereby estab-
lishing an important role for p21 in this process. These 
findings are consistent with those of  others showing 
that the proliferation of  A549 cells injected subcutane-
ously into nude mice was inhibited significantly by treat-
ment with ciglitazone, and this coincided with increased 
expression of  PPARγ and p21, and with downregulation 
of  cyclin D1[58]. A connection between another tumor 
suppressor gene, p53, and PPARγ ligands has also been 
demonstrated by showing that 15-deoxy-PGJ2, together 
with docetaxel, stimulates apoptosis in NSCLC through 
inhibition of  Bcl-2 and cyclin D1, and overexpression of  
caspases and p53[47].

More recently, we reported that rosiglitazone and di-
etary compounds such as fish oil (which contain certain 
kinds of  fatty acids such as ω3 and ω6 polyunsaturated 
fatty acids known to work as PPARγ ligands) inhibit 
integrin-linked kinase (ILK) expression through PPARγ 
signaling and the recruitment of  a PPARγ co-activator, 
PGC-1α[59]. ILK is a unique intracellular adaptor and 
kinase that links cell-adhesion receptors, integrins, and 
growth factors to the actin cytoskeleton and to a range 
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of  signaling pathways that are implicated in the regula-
tion of  anchorage-dependent tumor cell growth/sur-
vival, cell cycle progression, invasion and migration, and 
tumor angiogenesis[60]. This effect was associated with 
activation of  p38 MAPK followed by induction of  the 
transcription factor AP-2α and, ultimately, inhibition of  
NSCLC cell proliferation[59]. Docosahexaenoic acid, a 
component of  ω3 polyunsaturated fatty acid, is reported 
to inhibit the growth of  lung cancer cells mainly through 
the induction of  pro-apoptotic signaling pathways such 
as ERK1/2 and p38 MAPK suggesting its chemopre-
ventive effect in lung cancer[61].

PPARγ ligands and cyclooxygenase-2-related pathways
PPARγ ligands also exert anti-tumor effects by block-
ing access to mitogenic agents such as prostaglandin E2 
(PGE2), a major cyclooxygenase (COX) metabolite that 
plays important roles in tumor biology. The functions of  
PGE2 are mediated through one or more of  its recep-
tors EP1, EP2, EP3, and EP4[62]. Human NSCLC cell 
lines express EP2 receptors, among other EP receptors, 
and the inhibition of  cell growth by PPARγ ligands like 
GW1929, PGJ2, ciglitazone, troglitazone, and rosigli-
tazone, is associated with a significant decrease in EP2 
mRNA and protein expression. Notably, the inhibitory 
effects of  rosiglitazone and ciglitazone, but not PGJ2, 
were reversed by a specific PPARγ antagonist GW9662, 
suggesting the involvement of  PPARγ-dependent and 
-independent mechanisms[62]. Also, ciglitazone sup-
pressed COX-2 mRNA expression and COX-2 promot-
er activity, while upregulating peroxisome proliferator re-
sponse element promoter activity in NSCLC cells further 
suggesting a negative modulator role for PPARγ ligands 
on the COX-2/PGE2 pathway in NSCLC[63]. Of  note, 
in vitro studies and xenograft models have demonstrated 
that elevated COX-2 expression is critical for promoting 
lung tumorigenesis, and that the anti-tumorigenic effects 
of  PPARγ ligands are mediated through suppression of  
COX-2 via increased activity of  PTEN, decreased levels 
of  phospho-Akt, and inhibition of  nuclear factor-κB 
(NF-κB) activity[64].

PPARγ and tobacco-related cancer progression 
Tobacco is the most common etiologic agent in lung 
cancer worldwide. Recently, attention has been focused 
on the role of  nicotine and its derivatives in lung cancer 
and how PPARγ affects this. For example, a recent case-
control study of  500 incident lung cancer cases and 517 
age- and sex frequency-matched cancer-free controls 
suggested that PPARγ polymorphisms in Chinese smok-
ers may contribute to the etiology of  lung cancer[65]. 
Also, monocytes and monocyte-derived macrophages 
from healthy smokers showed increased PPARγ expres-
sion as compared to those from healthy non-smokers, 
which was reproduced by nicotine in vitro[66]. Interest-
ingly, concomitant administration of  PPARγ agonists 
can effectively attenuate the effects of  nicotine on 
alveolar type Ⅱ cells[67]. Among the carcinogenic chemi-

cals of  cigarette smoking, tobacco-specific nitrosamine 
4-(N-methyl-N-nitrosoamino)-1-(3-pyridyl)-1-butanone 
(NNK) is the most potent. One recent report showed 
that troglitazone blocked NNK-induced up-regulation 
of  Heme oxygenase-1, Bcl-2, and cellular inhibitor of  
apoptosis protein 2; and restored Bad activity which was 
suppressed by NNK through activation of  PPARγ[68]. 
These findings reveal a novel molecular pathway of  
PPARγ activation against cigarette smoking-related lung 
cancer. Evidence to date suggests that these effects of  
nicotine and its derivatives are mediated by nicotinic ace-
tylcholine receptors expressed on the surface of  tumor 
cells, thereby contributing to tumor progression[69-71]. 
We recently found that rosiglitazone reduced nicotine-
induced NSCLC cell growth through downregula-
tion of  α4 nAChR-dependent signals including ERK 
and p38 MAPK; this effect appeared to be PPARγ-
independent[72]. We also found that nicotine increases 
PPARβ/δ gene expression through α7 nAChR-mediated 
activation of  PI3K/mTOR signals. This is important 
since activation of  PPARβ/δ is associated with en-
hanced cancer progression. These studies unveil a novel 
mechanism by which nicotine promotes human lung 
carcinoma cell growth and the impact of  PPARs[73].

PPARγ and tumor cell-stromal interaction
Several studies suggest that PPARγ ligands might pre-
vent the interaction of  tumor cells with their surround-
ing stroma, thereby interfering with host-derived and 
tumor-derived factors with mitogenic and pro-survival 
effects. An example of  this is fibronectin, a matrix gly-
coprotein residing in the lung stroma that is increased in 
most, if  not all, chronic forms of  lung disease[74]. This 
is true for tobacco-related lung disorders and fibrotic 
disorders, all associated with increased incidence of  
lung cancer[75]. Several studies suggest that fibronectin 
serves as a mitogen and survival factor for NSCLC[76], 
and fibronectin was recently shown to stimulate tumor 
cell expression of  matrix metalloproteinases, proteases 
implicated in metastatic disease[77]. These observations 
support the idea that tumor cell interactions with fibro-
nectin through surface integrin receptors are advanta-
geous for tumors since they stimulate proliferation, sur-
vival, and metastases[76]. This idea was suggested by work 
showing reduced proliferative and metastatic capacity in 
tumor cells not expressing a fibronectin receptor α5β1 
integrin[78]. Interestingly, PPARγ ligands were shown to 
inhibit fibronectin expression in NSCLC cells by inhibit-
ing transcription factors involved in the regulation of  
fibronectin gene expression[79]. PPARγ ligands (rosigli-
tazone and GW1929, but not PGJ2) were also recently 
reported to inhibit the expression of  the gene encoding 
for the α5 integrin subunit resulting in reduced expres-
sion of  the integrin α5β1[80]. Thus, by inhibiting the 
expression of  fibronectin and its integrin α5β1, PPARγ 
ligands might reduce tumor cell recognition of  fibro-
nectin with consequent changes in cell proliferation and 
apoptosis.
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PPARγ and angiogenesis
PPARγ might also regulate the generation of  the com-
plex vascular network that supplies tumor cells. This idea 
is supported by studies showing a reduction in blood 
vessel density in lung tumors generated by the injection 
of  A549 cells into the flanks of  SCID mice treated with 
PPARγ ligands[81]. In vitro studies showed that the treat-
ment of  A549 cells with troglitazone or their transient 
transfection with a constitutively active PPARγ construct 
blocked the production of  angiogenic molecules such 
as ELR + CXC chemokines IL-8 (CXC-8), ENA-78 
(CXCL5), and Gro-alpha (CXCL1)[81]. Furthermore, 
PPARγ activation inhibited NF-κB, a transcription fac-
tor known to regulate the expression of  many of  the 
pro-angiogenic factors mentioned above. Similarly, rosi-
glitazone was shown to inhibit mouse lung tumor cell 
growth and metastasis in vivo through direct and indirect 
anti-angiogenic effects[82].

Although the above studies reveal important anti-
cancer effects for PPARγ ligands, it is important to 
note that PPARγ signaling has also been associated 
with tumor promoter activity in some cancer cells such 
as colon and breast, and that this effect was linked 
to increased β-catenin, c-Myc, Angptl4 and Wnt 5 
expression[83-85] (Table 1). PPARγ ligands enhanced 
7,12-dimethylbenz(a)anthracene-induced rat mammary 
adenocarcinoma[86] and promoted colonic tumor growth 

in ApcMin mice fed a high-fat diet[87]. Targeted expression 

of  activated PPARγ in the mammary gland also enhanced 
tumorigenesis induced by polyoma middle T antigen[84]. 
These findings need to be confirmed and tested in other 
tumors. However, these data suggest that activation of  
specific PPARγ-related pathways may differ depending 
upon the cells and tumors examined. Internal genetic 

variations and other factors may be responsible for the 
outcomes, and these need to be explored further followed 
by confirmation using relevant in vivo models of  cancer.

IMPLICATIONS FOR THERAPY AND 
OTHER CONSIDERATIONS
The studies mentioned above suggest that PPARs are 
involved in lung cancer cell biology. However, their roles 
remain uncertain and much needs to be learned before 
they are targeted for therapeutic intervention, especially 
when considering PPARγ. Nevertheless, activation of  
PPARγ is strongly associated with decreased lung carci-
noma cell proliferation both in vitro and in vivo. Further-
more, in primary NSCLC, the expression of  PPARγ has 
been correlated with tumor histological type and grade, 
and decreased PPARγ expression was correlated with 
poor prognosis[88]. Because of  this, and the fact that syn-
thetic agonists of  PPARγ with good safety profiles are 
currently in use in the clinical arena, PPARγ has emerged 
as a reasonable target for the development of  novel anti-
lung cancer therapies. Synthetic and natural PPARγ acti-
vators might be useful as well. For example, arachidonic 
acid inhibits the growth of  A549 cells, and this effect is 
blocked by the synthetic PPARγ inhibitor GW9662[89]. 
MK886, a 5-lipoxygenase activating protein-directed in-
hibitor, stimulates apoptosis and reduces the growth of  
A549 cells through activation of  PPARγ[90]. These and 
related drugs can be used alone or in combination with 
other drugs for synergistic effects. This was observed 
when using low doses of  MK886 in combination with 
ciglitazone and 13-cis-retinoic acid on A549 and H1299 
cells[90]. Also, dramatic synergistic anticancer effects have 
been reported for lovastatin (an HMG-CoA reductase 
inhibitor) and the PPARγ ligand troglitazone in several 
cell lines including lung cancer cells[91]. An enhancement 
of  the anti-tumor effects of  gefitinib by rosiglitazone 
on A549 cell growth was recently noted suggesting that 
combination strategies using selective nuclear receptor 
activators in conjunction with EGFR inhibitors might be 
effective[92]. More recently, one report showed that the 
combination of  clinically achievable concentrations of  
troglitazone and nonselective COX inhibitor, aspirin, can 
produce a strong synergistic effect on the inhibition of  
lung cancer cell growth and induction of  apoptosis[93].

One study demonstrated that combining the PPARγ 
ligand rosiglitazone with carboplatin dramatically re-
duced lung tumor growth in vivo[94]. Another study 
showed that the combination of  PPARγ ligand with 
platinum-based drugs exerted beneficial effects in the 
treatment of  lung cancers including those tumors resis-
tant to chemotherapy or acquired resistance to targeted 
therapy[95]. More recently, one study using selenium (anti-
oxidant), rosiglitazone, sodium phenylbutyrate or valpro-
ic acid (histone deacetylase inhibitors) and hydralazine 
(cytosine-demethylating agent) to prevent the progres-
sion of  lung cancer in A/J mice treated with NNK dem-
onstrated that chronic administration of  rosiglitazone 
significantly blocked the progression of  lung cancer in 
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Table 1  PPARγ-dependent signals mediate the effects of 
PPARγ ligands in lung cancer cells

PPARγ ligands inhibit cancer cell growth and induce apoptosis via:
   ↓PGE2 receptors (e.g. EP2 and EP4)
   ↑Tumor suppressors (e.g. PTEN, p21, AP-2a, p53)
   ↓Inflammatory factors (e.g. NF-κB, MCP-1, COX-2)
   ↓Angiogenic factor (e.g. VEGF)
   ↓Survival factors (e.g. SAPK/JNK, ILK, Src, FAK, PI3-K/Akt, mTOR)
   ↑↓Other kinase signals (e.g. ERK, p38 MAPK)
   ↓Growth factor receptors (e.g. EGF-R, PDGF-R)
   ↓Extracellular matrices (e.g. Fibronectin, MMP-2, MMP-9)
   ↓Integrin receptors (e.g. α5β1)
   ↑↓Others [e.g. cytokines (e.g. IL-13, IL-21, TGF-β1) and chemokines 
   (e.g. MIP-1β)]
   ↓Bcl-1, c-IAP2, etc.
PPARγ ligands stimulate cancer cell growth and reduce apoptosis via:
   ↑Wnt signaling and oncogenes (e.g. cyclin D1, β-catenin, c-Myc)
   ↑Angiogenic signaling (e.g. VEGF, Angptl4)

PPAR: Peroxisome proliferator-activated receptor; SAPK/JNK: Stress-
activated protein kinase/c-Jun NH2-terminal kinase; ILK: Integrin-linked 
kinase; PI3-K: Phosphatidylinositol 3-kinase; ERK: Extracellular signal-
regulated kinase; mTOR: Mammalian target of rapamycin; NF-κB: Nuclear 
factor-κB; VEGF: Vascular endothelial growth factor; IL: Interleukin; TGF: 
Transforming growth factor; COX: Cyclooxygenase; MCP-1: Monocyte 
chemotactic protein-1.
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the A/J mouse model[96]. More tantalizing data were 
derived from a retrospective analysis demonstrating that 
thiazolidinedione use was associated with reduced risk 
of  lung cancer. This study revealed a 33% reduction in 
lung cancer risk among thiazolidinedione users as com-
pared to nonusers after adjusting other variables[97]. In-
terestingly, a similar risk reduction was not observed for 
colorectal and prostate cancers[97]. Clearly, as described 
previously, TZDs have many effects other than PPARγ 
activation; the elucidation of  such mechanisms holds the 
promise of  unveiling new targets for the development 
of  new anti-cancer therapies.

Despite the above findings, enthusiasm for the use 
of  PPARγ ligands as anti-cancer agents should be tem-
pered by the fact that PPARγ ligands stimulated PPARγ 
transactivation in lung adenocarcinoma cell lines, while 
little to no effects were noted in squamous cell or large 
cell carcinomas[98]. Also, it is important that we better de-
fine PPARγ-independent pathways triggered by PPARγ 
ligands to avoid unforeseen effects and to identify new 
targets for intervention[92,98] (Table 2).

Furthermore, a novel splice variant of  human PPARγ1, 
which is expressed strongly in tumor tissues of  primary 
human lung SCC, was recently identified. This splice vari-
ant exhibits dominant-negative properties in human lung 
tumor cells, and its overexpression renders transfected 
cells more resistant to chemotherapeutic drug- and chem-
ical-induced cell death[99]. This suggests that the decreased 
drug sensitivity of  PPARγ1-expressing cells may be associ-
ated with increased tumor aggressiveness and poor clinical 
prognosis in patients. Thus, a better understanding of  the 
mechanisms of  action of  activated PPARs in tumors (and 
host cells) is required since the dissection of  these path-
ways might unveil better targets for therapy. Nevertheless, 
the data available to date regarding PPARγ are promising 
and justify engaging in carefully designed clinical studies to 
determine the true role of  PPARγ ligands in lung cancer, 
while further work should be performed to identify more 
selective and effective strategies.

CONCLUSION
Although the exact role of  PPARγ in controlling lung 
tumor growth and apoptosis remains incompletely 
defined, PPARγ has been implicated both as a tumor 

suppressor (in most cases) and tumor promoter (in rare 
cases). Hence, targeting this receptor for therapeutic 
purposes while minimizing side effects represents a great 
challenge. Nevertheless, it is clear that selective PPARγ 
modulation of  desired gene sets can be achieved by tar-
geting co-repressor interactions, separating transactiva-
tion from transrepression, and favoring specific subsets 
of  co-activators. PPARγ activation results in inhibition 
of  lung tumor growth (particularly NSCLC) both in vitro 
and in vivo. Although the exact mechanisms mediating 
this effect remain incompletely elucidated, data available 
to date regarding this member of  the PPAR family is 
promising and justify engaging in prospective, random-
ized clinical studies to determine the true role of  PPARγ 
ligands in lung cancer biology. Further epidemiologic 
studies are required in patients treated with PPARγ li-
gands for possible effects on tumor development.
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Meetings

Events Calendar 2010

January 20-21
San Francisco, CA, United States 
4th annual Stem Cells World 
Congress and exhibition

January 29-31
Cape Town, South Africa
International Conference on Chemical 
and Biomolecular Engineering

February 11-12 
Barcelona, Spain
7th annual Screening Europe 
conference and exhibition

February 14-16
Lorne, Australia
31st Lorne Genome Conference on 
the Organization and Expression of 
the Genome

February 26-27
Manchester, United Kingdom
The 5th Annual Biomarkers Congress

February 27-March 5
Innsbruck, Austria
3rd FEBS Special Meeting on ABC 
Proteins-ABC2010

March 4-5
London, United Kingdom
3rd annual Advances in Synthetic 
Biology conference and exhibition 

April 8-9
Qingdao, Shangdong, China
The 4th Annual China Chemical 
Focus 2010

April 24-28
Montreal, Canada 
2010 2nd ASM Conference on 
Mobile DNA

May 5-7
Boston, MA, United Kingdom
4th annual RNAi and miRNA World 
Congress 

May 25-26
Dublin, Ireland
4th annual Lab-on-a-Chip European 
Congress

June 8-9
Berlin, Germany
3rd annual Cancer Proteomics 
conference and exhibition 

June 20-27
Novosibirsk, Russia
The Seventh International 
Conference on Bioinformatics of 
Genome Regulation and Structure\
Systems Biology (BGRS\SB-2010) 

June 27-30
Washington, DC, United States
The World Congress on Industrial 
Biotechnology and Bioprocessing

July 4-8
Lyon, France
Society for Molecular Biology and 
Evolution-SMBE 2010

July 14-16
London, United Kingdom
International Conference 
on Chemical, Biological and 
Environmental Engineering

August 8-11 
Durham, NC, United States 
The 13th Biennial Molecular and 
Cellular Biology of the Soybean 
Conference

September 22-25
Heidelberg, Germany 
EMBO Conference Series on 
Chemical Biology

September 26-October 1
Melbourne, Australia 
OzBio2010: The Molecules of life: 
Discovery to Biotechnology

October 28-29 
San Diego, CA, United States
2nd annual Microarray World 
Congress and 3rd annual Molecular 
Diagnostics World Congress

November 9-10 
Florence, Italy
6th annual Advances in Metabolic 
Profiling conference and exhibition

November 9-10
Florence, Italy
6th annual Advances in Protein 
Crystallography conference and 
exhibition

November 7-10
Rome, Italy
The 3rd International Symposium 
on Applied Sciences in Biomedical 
and Communication Technologies 
(ISABEL 2010)

December 7-10
Kobe Port Island, Japan
The 33rd Annual Meeting of MBSJ
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GENERAL INFORMATION
World Journal of  Biological Chemistry (World J Biol Chem, WJBC, 
online ISSN 1949-8454, DOI: 10.4331), is a monthly, open-
access (OA), peer-reviewed journal supported by an editorial 
board of  370 experts in biochemistry and molecular biology 
from 38 countries.

The biggest advantage of  the OA model is that it provides 
free, full-text articles in PDF and other formats for experts and 
the public without registration, which eliminates the obstacle that 
traditional journals possess and usually delays the speed of  the 
propagation and communication of  scientific research results. 
The open access model has been proven to be a true approach 
that may achieve the ultimate goal of  the journals, i.e. the 
maximization of  the value to the readers, authors and society.

The role of  academic journals is to exhibit the scientific 
levels of  a country, a university, a center, a department, and 
even a scientist, and build an important bridge for commu
nication between scientists and the public. As we all know, the 
significance of  the publication of  scientific articles lies not 
only in disseminating and communicating innovative scientific 
achievements and academic views, as well as promoting the 
application of  scientific achievements, but also in formally 
recognizing the "priority" and "copyright" of  innovative 
achievements published, as well as evaluating research perfor
mance and academic levels. So, to realize these desired attributes 
of  WJBC and create a well-recognized journal, the following 
four types of  personal benefits should be maximized. The 
maximization of  personal benefits refers to the pursuit of  
the maximum personal benefits in a well-considered optimal 
manner without violation of  the laws, ethical rules and the 
benefits of  others. (1) Maximization of  the benefits of  editorial 
board members: The primary task of  editorial board members 
is to give a peer review of  an unpublished scientific article via 
online office system to evaluate its innovativeness, scientific and 
practical values and determine whether it should be published 
or not. During peer review, editorial board members can also 
obtain cutting-edge information in that field at first hand. As 
leaders in their field, they have priority to be invited to write 
articles and publish commentary articles. We will put peer 
reviewers’ names and affiliations along with the article they 
reviewed in the journal to acknowledge their contribution; (2) 
Maximization of  the benefits of  authors: Since WJBC is an 
open-access journal, readers around the world can immediately 
download and read, free of  charge, high-quality, peer-reviewed 
articles from WJBC official website, thereby realizing the 
goals and significance of  the communication between authors 
and peers as well as public reading; (3) Maximization of  the 
benefits of  readers: Readers can read or use, free of  charge, 
high-quality peer-reviewed articles without any limits, and 
cite the arguments, viewpoints, concepts, theories, methods, 
results, conclusion or facts and data of  pertinent literature so 
as to validate the innovativeness, scientific and practical values 
of  their own research achievements, thus ensuring that their 

articles have novel arguments or viewpoints, solid evidence and 
correct conclusion; and (4) Maximization of  the benefits of  
employees: It is an iron law that a first-class journal is unable to 
exist without first-class editors, and only first-class editors can 
create a first-class academic journal. We insist on strengthening 
our team cultivation and construction so that every employee, 
in an open, fair and transparent environment, could contribute 
their wisdom to edit and publish high-quality articles, thereby 
realizing the maximization of  the personal benefits of  editorial 
board members, authors and readers, and yielding the greatest 
social and economic benefits.

The major task of  WJBC is to rapidly report the most recent 
developments in the research by the close collaboration of  
biologists and chemists in area of  biochemistry and molecular 
biology, including: general biochemistry, pathobiochemistry, 
molecular and cellular biology, molecular medicine, experimental 
methodologies and the diagnosis, therapy, and monitoring of  
human disease.

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

Antiqua with ample margins. Number all pages consecutively, 
and start each of  the following sections on a new page: Title 
Page, Abstract, Introduction, Materials and Methods, Results, 
Discussion, Acknowledgements, 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  Beijing Baishideng BioMed Scientifc 
Co., Ltd., and may not be reproduced by any means, in whole or 
in part, without the written permission of  both the authors and 
the publisher. We reserve the right to copy-edit and put onto 
our website accepted manuscripts. Authors should follow the 
relevant guidelines for the care and use of  laboratory animals of  
their institution or national animal welfare committee. For the 
sake of  transparency in regard to the performance and reporting 
of  clinical trials, we endorse the policy of  the International 
Committee of  Medical Journal Editors to refuse to publish 
papers on clinical trial results if  the trial was not recorded in a 
publicly-accessible registry at its outset. The only register now 
available, to our knowledge, is http://www. clinicaltrials.gov 
sponsored by the United States National Library of  Medicine 
and we encourage all potential contributors to register with it. 
However, in the case that other registers become available you 
will be duly notified. A letter of  recommendation from each 
author’s organization should be provided with the contributed 
article to ensure the privacy and secrecy of  research is protected.

Authors should retain one copy of  the text, tables, photo
graphs 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 Sub
mission System at: http://www.wjgnet.com/1949-8454office. 
Authors are highly recommended to consult the ONLINE 
INSTRUCTIONS TO AUTHORS (http://www.wjgnet.
com/1949-8454/g_ info_20100316155305.htm) before 
attempting to submit online. For assistance, authors encountering 
problems with the Online Submission System may send an email 
describing the problem to wjbc@wjgnet.com, or by telephone: 
+86-10-59080036. If  you submit your manuscript online, do not 
make a postal contribution. Repeated online submission for the 
same manuscript is strictly prohibited.

MANUSCRIPT PREPARATION
All contributions should be written in English. All articles must 
be submitted using word-processing software. All submissions 
must be typed in 1.5 line spacing and 12 pt. Book Antiqua with 
ample margins. Style should conform to our house format. 
Required information for each of  the manuscript sections is as 
follows:

Title page
Title: Title should be less than 12 words.

Running title: A short running title of  less than 6 words 
should be provided.

Authorship: Authorship credit should be in accordance with 
the standard proposed by International Committee of  Medical 
Journal Editors, based on (1) substantial contributions to 
conception and design, acquisition of  data, or analysis and 
interpretation of  data; (2) drafting the article or revising it 

critically for important intellectual content; and (3) final approval 
of  the version to be published. Authors 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 author 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 
WJBC, 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 more than 256 words) 
and structured abstracts (no more than 480). The specific 
requirements for structured abstracts are as follows: 
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Instructions to authors

An informative, structured abstracts of  no more than 
480 words should accompany each manuscript. Abstracts for 
original contributions should be structured into the following 
sections. AIM (no more than 20 words): Only the purpose 
should be included. Please write the aim as the form of  “To 
investigate/study/…; MATERIALS AND METHODS (no 
more than 140 words); RESULTS (no more than 294 words): 
You should present P values where appropriate and must 
provide relevant data to illustrate how they were obtained, e.g. 
6.92 ± 3.86 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, rapid com
munication and case reports, the main text should be structured 
into the following sections: INTRODUCTION, MATERIALS 
AND METHODS, RESULTS and DISCUSSION, and should 
include appropriate Figures and Tables. Data should be presented 
in the main text or in Figures and Tables, but not in both. The 
main text format of  these sections, editorial, topic highlight, case 
report, letters to the editors, can be found at: http://www.wjgnet.
com/1949-8454/g_info_20100316160646.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 separate 
page. Detailed legends should not be provided under the figures. 
This part should be added into the text where the figures are 
applicable. Figures should be either Photoshop or Illustrator 
files (in tiff, eps, jpeg formats) at high-resolution. Examples can 
be found at: http://www.wjgnet.com/1007-9327/13/4520.
pdf; http://www.wjgnet.com/1007-9327/13/4554.pdf; 
http://www.wjgnet.com/1007-9327/13/4891.pdf; http://
www.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.

Acknowledgments
Brief  acknowledgments of  persons who have made genuine 
contributions to the manuscript and who endorse the data and 
conclusions 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 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 ensure the spelling accuracy of  the first author’s name. Do 
not list the same citation twice. 

PMID and DOI
Pleased provide PubMed citation numbers to the reference 
list, e.g. PMID and DOI, which can be found at http://www.
ncbi.nlm.nih.gov/sites/entrez?db=pubmed and http://www.
crossref.org/SimpleTextQuery/, respectively. The numbers 
will be used in E-version of  this journal.

Style for journal references
Authors: the name of  the first author should be typed in bold-
faced letters. The family name of  all authors should be typed 
with the initial letter capitalized, followed by their abbreviated 
first and middle initials. (For example, Lian-Sheng Ma is 
abbreviated as Ma LS, Bo-Rong Pan as Pan BR). The title of  
the cited article and italicized journal title (journal title should 
be in its abbreviated form as shown in PubMed), publication 
date, volume number (in black), start page, and end page 
[PMID: 11819634   DOI: 10.3748/wjg.13.5396].

Style for book references
Authors: the name of  the first author should be typed in bold-
faced letters. The surname of  all authors should be typed 
with the initial letter capitalized, followed by their abbreviated 
middle and first initials. (For example, Lian-Sheng Ma is 
abbreviated as Ma LS, Bo-Rong Pan as Pan BR) Book title. 
Publication number. Publication place: Publication press, Year: 
start page and end page.

Format
Journals 
English journal article (list all authors and include the PMID where 

applicable)
1	 Jung EM, Clevert DA, Schreyer AG, Schmitt S, Rennert J, 

Kubale R, Feuerbach S, Jung F. Evaluation of  quantitative 
contrast harmonic imaging to assess malignancy of  liver 
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tumors: A prospective controlled two-center study. World J 
Gastroenterol 2007; 13: 6356-6364 [PMID: 18081224   DOI: 
10.3748/wjg.13.6356]

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

2	 Lin GZ, Wang XZ, Wang P, Lin J, Yang FD. Immunologic 
effect of  Jianpi Yishen decoction in treatment of  Pixu-
diarrhoea. Shijie Huaren Xiaohua Zazhi 1999; 7: 285-287

In press
3	 Tian D, Araki H, Stahl E, Bergelson J, Kreitman M. 

Signature of  balancing selection in Arabidopsis. Proc Natl 
Acad Sci USA 2006; In press

Organization as author
4	 Diabetes Prevention Program Research Group. Hy

pertension, insulin, and proinsulin in participants with 
impaired glucose tolerance. Hypertension 2002; 40: 679-686 
[PMID: 12411462   PMCID:2516377   DOI:10.1161/01.
HYP.0000035706.28494.09]

Both personal authors and an organization 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. J Urol 2003; 169: 2257-2261 [PMID: 12771764   
DOI:10.1097/01.ju.0000067940.76090.73]

No author given
6	 21st century heart solution may have a sting in the tail. 

BMJ 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: 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:10.1097/00003086-200208000-00026]

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 

computational effort statistic for genetic programming. 
In: Foster JA, Lutton E, Miller J, Ryan C, Tettamanzi 

AG, editors. Genetic programming. EuroGP 2002: 
Proceedings of  the 5th European Conference on Genetic 
Programming; 2002 Apr 3-5; Kinsdale, Ireland. Berlin: 
Springer, 2002: 182-191

Electronic journal (list all authors)
15	 Morse SS. Factors in the emergence of  infectious 

diseases. Emerg Infect Dis serial online, 1995-01-03, cited 
1996-06-05; 1(1): 24 screens. Available from: URL: http//
www.cdc.gov/ncidod/EID/eid.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 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).

Units
Use SI units. For example: body mass, m (B) = 78 kg; blood 
pressure, p (B) = 16.2/12.3 kPa; incubation time, t (incubation) 
= 96 h, blood glucose concentration, 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 formaldehyde, 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/1949-8454/
g_info_20100309232449.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.
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