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Abstract
Colorectal cancer (CRC), a multifactorial disease, is usually induced and
developed through complex mechanisms, including impact of diet and lifestyle,
genomic abnormalities, change of signaling pathways, inflammatory response,
oxidation stress, dysbiosis, and so on. As natural polyphenolic phytochemicals
that exist primarily in tea, tea polyphenols (TPs) have been shown to have many
clinical applications, especially as anticancer agents. Most animal studies and
epidemiological studies have demonstrated that TPs can prevent and treat CRC.
TPs can inhibit the growth and metastasis of CRC by exerting the antiinflammatory, anti-oxidative or pro-oxidative, and pro-apoptotic effects, which
are achieved by modulations at multiple levels. Many experiments have
demonstrated that TPs can modulate several signaling pathways in cancer cells,
including the mitogen-activated protein kinase pathway, phosphatidylinositol-3
kinase/Akt pathway, Wnt/β-catenin pathway, and 67 kDa laminin receptor
pathway, to inhibit proliferation and promote cell apoptosis. In addition, novel
studies have also suggested that TPs can prevent the growth and metastasis of
CRC by modulating the composition of gut microbiota to improve immune
system and decrease inflammatory responses. Molecular pathological
epidemiology, a novel multidisciplinary investigation, has made great progress
on CRC, and the further molecular pathological epidemiology research should be
developed in the field of TPs and CRC. This review summarizes the existing in
vitro and in vivo animal and human studies and potential mechanisms to examine
the effects of tea polyphenols on CRC.
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Core tip: Colorectal cancer (CRC) has become the third most common cancer and the
fourth most common cause of cancer-related death, which is involved in a series of
complex mechanisms. Professors pay attention to searching for reasonable methods to
prevent and treat CRC. Tea polyphenols, as natural polyphenolic phytochemicals in tea,
have been demonstrated to prevent and treat CRC effectively. They may become a novel
medicine applied in CRC to prevent cancer and reduce the side effects of chemotherapy
medicines in the future. This review summarizes the molecular mechanism of tea
polyphenols acting on CRC.
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INTRODUCTION
Colorectal cancer
Colorectal cancer (CRC) has become the third most common cancer and the fourth
most common cause of cancer-related death [1] . In the past several decades, the
mortality rates and the incidence of CRC have declined, and death count has
maintained a long-standing decrease from a peak of 57644 in 1995 to 51651 in 2014[2].
However, for adults aged < 50 years, evidence has shown that the CRC incidence rate
has risen by 1.6% from 2000 to 2013, and mortality has increased by 13% from 2000 to
2014[2]. Usually, the outcome of CRC depends on the phase at diagnosis[3]. Therefore,
early detection and strong protective measures can effectively decrease the mortality
and morbidity of CRC[4]. The occurrence of CRC is related to many factors, including
inflammatory bowel disease, dietary factors, and lifestyle[5,6]. Furthermore, genomic
mutation and an imbalance in gut microbiota are also viewed as significant
pathogenic factors that can induce tumorigenesis[1,3].

Molecular mechanisms of CRC
Several mechanisms, including those summarized below, have been related to the
onset and metastasis of CRC (Figure 1).
Diet and lifestyle: CRC is generally reported as diet- and lifestyle-related pathology
and is associated with several main factors: Diet, physical activity, consumption of
alcohol, cigarettes and aspirin[7].
Diet: Findings from a systematic review have demonstrated that various foods are
associated with CRC, positively or negatively[8]. In general, the higher or lower risk of
CRC is related to the proinflammatory or anti-inflammatory property of the food,
respectively [9] . Moreover, different foods can exert the function via different
mechanisms. We will take some of these foods as examples to explain the mechanism
that they act on CRC, briefly.
(1) Red and processed meats: There are several systematic reviews and
epidemiological studies indicating that intake of red and processed meats will
increase the risk of CRC[10-12]. Besides, a study demonstrated that the consumption of
red and processed meats was associated more strongly with an increased risk of CRC
with KRAS-wildtype, indicating that the potential mechanism should be studied[12].
Intake of red and processed meats at high temperatures results in the formation of
heterocyclic amines and polycyclic aromatic hydrocarbons, and then allows the
formation of DNA adducts that subsequently cause DNA damage to promote
tumorigenesis[13,14]. In red meat, heme is present in high concentrations in the form of
myoglobin and a large amount of heme iron intake has been associated with a higher
risk of CRC[14]. Heme iron from red and processed meats can stimulate the metabolism
of nitrate/nitrite and the formation of N-nitroso compounds, and induce oxidative
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Figure 1

Figure 1 The general molecular mechanisms of colorectal cancer. CRC: Colorectal cancer; MPE: Molecular
pathological epidemiology; PA: Physical activity; CIN: Chromosomal instability; 67LR: 67 kDa laminin receptor; MSI:
Microsatellite instability; EMT: Epithelial-to-mesenchymal transition; WE: Warburg effect.

stress and lipid peroxidation (LPO) to trigger inflammatory response, and thereby
promote the development of CRC[14,15].
(2) Dietary fats: Dietary fats are also associated with CRC. A high intake of ω-6
polyunsaturated fatty acid (PUFA) and saturated fat has tumor-enhancing effects[16].
Rapid metabolism of arachidonic acid (AA), increased activities of phospholipases,
and elevated levels of cyclooxygenase (COX) and lipoxygenase (LPO) may suggest
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the potential mechanism of fatty acid promoting the incident of CRC[17]. However, ω-3
PUFA intake can reduce the risk of CRC, particularly with microsatellite instability
(MSI)-high cancer subtype or high FOXP3+ regulatory T cell (Treg cell) counts[18,19]. ω-3
PUFA exerts the effect of anticancer through several potential molecular mechanisms,
including suppression of AA-derived eicosanoid biosynthesis, impact on transcription
factor activity, gene expression, and signal transduction pathways, increased or
decreased production of free radicals and reactive oxygen species (ROS), and so on[20].
In addition, marine ω-3 PUFA also protects against CRC through inhibition of the T
cell-suppressive activity of Treg cells [ 1 9 ] . In addition, oleic acid, the main
monounsaturated fatty acid in olive oil also exerts a protective effect on CRC[21,22]. A
competitive inhibition by oleic acid of the ∆6-desaturase will suppress the eicosanoid
biosynthesis of AA to disrupt the tumor growth progress[21].
(3) Vitamin D: Vitamin D can inhibit the development of CRC, particularly of some
specific subtypes of CRC. The beneficial survival association of high vitamin D level is
stronger for CRC with lower-level peritumoral lymphocytic reaction than for
carcinoma with higher-level reaction[23]. Vitamin D is hydroxylated in the liver to
produce 25(OH)D that serves as a standard indicator of vitamin D activity[23]. And,
then, 25(OH)D is hydroxylated further in the kidneys to produce a hormonally active
metabolite, 1,25-dihydroxyvitamin D[23]. Vitamin D and its metabolites exert their
antineoplastic effect by binding with the transcription factor vitamin D receptor[24].
Vitamin D may suppress signaling pathways and cytokines and modulate adaptive
immune cells, such as B cells, helper T cells (Th cells) and Treg cells[24]. Moreover,
vitamin D diet can also cause significant changes in the fecal microbial community
structure. During the development of CRC, vitamin D deficiency can not only cause a
sharp decrease in Akkermansia muciniphila but also induce changes in the expression of
mucus and goblet-cell associated genes, so that the gut barrier integrity is
destroyed[25].
(4) Dietary fiber: A high intake of dietary fiber, particularly derived from
vegetables and fruit, was inversely associated with CRC risk[26,27]. This association was
driven mainly by the position of the tumor, which was stronger for the risk of rectal
cancer[28]. However, a new study also indicated that the relationship of fiber and risk
of CRC is independent of tumor subsite or molecular marker[29]. In addition, higher
intake of dietary fiber was more strongly associated with lower risk for Fusobacterium
nucleatum (F. nucleatum)-positive CRC, but not F. nucleatum-negative CRC[30]. The
findings suggest a potential role for intestinal microbiota in mediating the association
between fiber and CRC[30]. Fiber can be fermented by the gut bacteria into short-chain
fatty acids, such as butyrate, acetate, and propionate, that possess a diversity of
tumorsuppressive effects[31]. High level of short-chain fatty acids produced from fiber
might alter pH, increase transit time of gut contents, and lead to differences in local
immune surveillance, and thereby reduce the growth of harmful species, such as F.
nucleatum[30]. In addition, the potential mechanism underlying fiber inhibiting the
development of CRC also contains other following aspects: increasing the stool bulk;
shortening the bowel transit time; diluting the effect of potential carcinogens; and
altering bile acid metabolism[26,32].
(5) Selenium (Se): Epidemiological investigation has demonstrated that higher Se
levels were inversely associated with the risk to develop CRC in Europeans [33] .
Usually, dietary Se intake is essential for synthesizing selenoproteins that are
important in inhibiting oxidative and inflammatory processes linked to colorectal
carcinogenesis[34]. Se supply might play an important role in regulating expression of
some selenoproteins, such as glutathione peroxidases (i.e., GPX1), selenoprotein F
(SELENOF), selenoprotein P (SELENOP), selenoprotein K (SELENOK), and
components of the thioredoxin reductase system (TXNRD1-3), to reduce the oxidative
stress and inflammatory response[34,35]. However, some studies also suggested that the
selenoprotein expression may affect CRC development independent of the Se status,
even leading to the development of CRC with suboptimal Se status[34,35]. In addition, a
study also indicated that intake of Se nanoparticles can activate autophagy to promote
cancer cell death, through up-regulation of beclin 1-related signaling pathways[36].
(6) Folic acid: Accumulating evidence displays that folic acid can also be an
effective chemopreventive agent for CRC[37,38]. Supplemental folic acid has been shown
to prevent the loss of heterozygosity of the tumor suppressor gene that is deleted in
CRC and to stabilize its protein in normal appearing rectal mucosa of patients with
colorectal adenomas[38]. In addition, deficiency folic acid may lead to inadequate
purine and pyrimidine synthesis and changes in methylation, with a concomitant
impact on DNA replication and cell division due to the disruption of folate cycle[39].
Thus, deficiency of folic acid can promote epidermal growth factor receptor (EGFR)
expression through reducing methylation of CpG sequences within its promoter[38].
And (7) Others: Other foods are also associated with CRC positively or negatively.
High sugar foods and spicy foods might have a positive association with CRC risk;
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however, vegetables, soy bean/soy products, seafood, and vitamins C, E and B12 play
a protective role against CRC risk[6-8]. These foods exert the promotive or protective
effect on CRC through modulating the inflammatory response, insulin resistance, and
the composition of gut microbiota mainly[40,41].
Physical activity: Physical inactivity has also been well demonstrated as a lifestyle
risk factor for CRC. There are many epidemiological studies indicating that physical
activity (PA) is associated with a statistically significant reduction in CRC risk[42-45].
Moreover, the association may depend on the location of tumor and gender[42-45]. Some
meta-analysis and systematic reviews indicated that PA is associated with reduced
risk of both proximal colon and distal colon cancer, but the difference was observed
between the colon and the rectum[42,43]. There is even no association observed between
PA and rectal cancer[43]. And, gender is another factor to impact the relationship
between the PA and CRC. A systematic review has observed an apparent interaction
between sex and PA in relation to CRC risk, that being a statistically significant
reduced risk among men but statistically nonsignificant reduced risk among
women[45]. In addition, there is a potential interactive effect of PA and sedentary time
on CRC risk. The benefits of moderate to strenuous-vigorous PA on CRC risk are
observed most clearly among those with more sedentary time because these
individuals have lower total activity[45]. Several plausible biological mechanisms have
been proposed, including changes in endogenous sexual and metabolic hormone
levels and growth factors, decreased obesity and central adiposity, and possibly
changes in immune function and so on[46]. Peroxisome proliferator-activated receptor
gamma coactivator 1α (PGC-1α) is a mitochondrial regulator in a wide variety of
biological processes, such as thermogenesis, circadian rhythm, fatty acid oxidation,
glucose metabolism, mitochondrial organization, and biogenesis[46]. PA, as a stressor
that demands energy, stimulates PGC-1α expression, increasing biological processes
of CRC and suppressing the development of CRC[47].
Consumption of alcohol: High consumption of alcoholic beverages may lead to an
increasing risk of CRC[48,49]. Consumption of alcohol is also relative to molecular
subtypes of CRC. Alcohol intake was positively related to risk of BRAF-tumors but
not to risk of BRAF-positive tumors, irrespective of their KRAS status[50]. Similarly, a
study has demonstrated that higher alcohol consumption was associated with risk of
CRC with insulin-like growth factor 2 (IGF2) differentially methylated region-0
(DMR0) hypomethylation but not risk of cancer with high-level IGF2 DMR0
methylation[51]. IGF2 up-regulation by DMR0 hypomethylation caused by alcohol may
promote tumorigenesis in colorectal tissue[51]. Alcohol can also interfere with onecarbon metabolism, a complex network of interrelated biochemical reactions that
involve the transfer of one-carbon (methyl) groups from one compound to another[52].
Excess alcohol can antagonize methyl donors, including vitamin B6, vitamin B12,
methionine, and folate, leading to a lower concentration of S-adenosylmethionine in
the liver, and thereby cause abnormal DNA methylation[51]. Thus, alcohol can impair
the bioavailability of dietary folate as well as folate-dependent intermediary
metabolisms to cause carcinogenesis[52]. Besides, monocyte chemoattractant protein-1
(MCP-1) is a chemokine that plays an important role in regulating tumor
microenvironment and metastasis[53]. Alcohol can increase the expression of MCP-1
and its receptor CCR2 at both protein and mRNA levels[53]. The study demonstrated
that alcohol may promote the metastasis of CRC through modulating the glycogen
synthase kinase 3β (GSK3β)/β-catenin/MCP-1 pathway[53].
Cigarette: Cigarette smoke is considered as a risk factor for CRC. A study found that
individuals with heavy, long-term cigarette smoke exposure were significantly
younger at the time of CRC diagnosis compared to lifelong never-smokers[54]. And,
smoking is also correlative to some specific subtypes of CRC, such as MSI-high, CpG
island methylator phenotype (CIMP)-positive, and BRAF mutation-positive
subtypes[55]. This finding from the study also indicated that epigenetic modification
may be involved in smoking-related carcinogenesis [55] . In general, heterocyclic
aromatic amines and polycyclic aromatic hydrocarbons may play an important role in
CRC associated with smoking[56,57]. N-Acetyltransferases 1 and 2 (NAT1 and NAT2)
are also considered to participate in the metabolism of aromatic and heterocyclic
aromatic amines[56]. Glutathione S-transferases (GSTs), particularly GSTM1, GSTT1
and GSTP1, are detoxification enzymes that have been known to metabolize a wide
range of carcinogens from cigarette smoke, such as heterocyclic aromatic amines and
polycyclic aromatic hydrocarbons [57] . Thus, NAT1 and NAT2, and GSTs gene
polymorphisms may be involved in cigarette smoking-CRC risk [56,57] . A study
demonstrated that individuals with fast acetylation capacity achieved by NAT1 and
NAT2, may more efficiently activate heterocyclic aromatic amines, thereby increasing
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the induction of DNA damage and, consequently, increasing susceptibility to CRC[56].
Besides, GST gene polymorphisms influence interindividual susceptibility to
smoking-associated CRC, which can play an important role in the detoxification of
colorectal carcinogenesis during smoking[57]. A novel opinion is that smoking may
increase cancer cell survival and induce some events associated to epithelial-tomesenchymal transition (EMT) process [58] . Smoking may reduce cell necrosis,
deregulate Claudin-1 and E-cadherin expression and enhance the expression of miR21 to induce EMT[58].
Aspirin: Abundant evidence indicates that regular use of aspirin is associated with a
significant reduction in the incidence of CRC [59-62] . Not only that, the beneficial
function of aspirin may be emphasized in some specific molecular subtypes of CRC.
Several studies have indicated that regular use of aspirin is associated with better
prognosis and clinical outcome in COX-2-positive and PIK3CA-mutated CRC[61,62].
Aspirin might inhibit the expression of COX-2 to reduce the prostaglandin (PG)E2
synthesis, and thereby to reduce the inflammatory response and suppress cancer cell
proliferation and survival [ 5 9 , 6 1 ] . As to the status of PIK3CA mutation, phosphatidylinositol-3 kinase (PI3K) and the downstream Akt pathway can be activated
to enhance COX-2 activity and PGE2 synthesis, resulting in inhibition of apoptosis in
CRC cells[61]. Therefore, aspirin can attenuate PI3K activity through inhibiting PGE2
signaling[59,61,63]. Meanwhile, aspirin might inhibit mTOR, a downstream effector of the
PI3K pathway, by activation of adenosine monophosphate-activated protein kinase
(AMPK) in CRC[61]. In addition, aspirin may also inhibit Wnt signaling either directly
or through down-regulation of PGE2 to suppress the onset of CRC[63].
Genomic level: Genomic instability is an essential feature that underlies CRC. There
are three aspects to achieving genomic instability that can contribute to CRC:
Chromosomal instability, MSI, and CpG island methylation[1]. First, chromosomal
instability, a common and efficient mechanism, can lead to the physical loss of tumor
suppressor genes, such as adenomatous polyposis coli (APC), P53, and SMAD family
member 4, and the activation of oncogenes, such as KRAS and PI3KCA[64,65]. These
changes can transform the normal phenotype into a malignant phenotype [1,64,65] .
Second, MSI can silence mismatch repair genes, such as MLH1, in patients with
hereditary nonpolyposis colon cancer, who then have an even higher risk of
developing CRC [65] . Finally, the aberrant methylation of CpG islands has been
demonstrated to result in the CIMP or CIMP-high, which accounts for 15% of CRC
cases and exists in nearly all CRC tumors with aberrant methylation of MLH1[64].
In addition to genomic mutation, microRNAs (miRNAs) and long noncoding RNAs
(commonly referred to as lncRNAs) are also expressed abnormally in CRC. Existing
evidence indicates that miRNAs, such as miR-93 and miR-328, are aberrantly
expressed in CRC and regulate the proliferation and metastasis of cancer stem
cells[66,67]. MiR-200c can promote the EMT to induce proliferation and metastasis[68].
Moreover, the up-regulation of a novel lncRNA, colorectal neoplasia differentially
expressed (CRNDE), has been observed in the early stages of colorectal neoplasia (>
90%), except for CRNDE-d[69].
Modification of the signaling pathways: It has been demonstrated that tumor cells in
CRC are maintained by the deregulation of specific signaling pathways[70]. Genetic
events are also part of a larger network that alters signal pathways, resulting in an
increase in tumor cell proliferation and a decrease in tumor cell death[70]. The onset
and migration of CRC involves several signaling pathways, including the mitogenactivated protein kinase (MAPK) pathway, PI3K pathway, Wnt/β-catenin pathway,
Janus-activated kinase/signal transducers and activators of transcription (JAK/STAT)
pathway, 67 kDa laminin receptor (67LR) pathway, nuclear factor-kappa B (NF-κB)
pathway, and nuclear factor-erythroid 2-related factor (Nrf2) pathway. Moreover, the
crosstalk between pathways can promote the development and invasion of CRC and
increase its resistance to drugs[71]. The author details these specific pathways in the
following section. Another novel signaling pathway, the Hippo pathway, is
responsible for cell proliferation, differentiation, apoptosis, and tumorigenesis and
exists in many malignant tumors, including CRC [72,73] . The Hippo pathway was
initially defined as a tumor suppressor pathway, but its major effector, Yes-associated
protein (YAP1), is viewed as an oncogene; therefore, the down-regulation of the
Hippo pathway is connected to CRC initiation and progression [72,74] . It has been
emphasized that the interaction between the Hippo pathway and the Wnt/β-catenin
pathway is crucial in the development of CRC[74].
Cytokines: Chronic inflammation can promote the development of CRC[75]. In chronic
inflammation, immune cells such as lymphocytes, plasma cells, macrophages, and
neutrophils infiltrate the colon and enrich ROS and reactive nitrogen species (RNS)[76].
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In addition to exogenous mutagens, ROS and RNS can also cause DNA damage,
which facilitates the initiation of cancer, as observed in a mouse model[76]. Infiltrating
inflammatory cells can also produce high levels of protumorigenic cytokines that
drive tumor progression[76].
Cytokines are low-molecular-weight proteins that can mediate cell-to-cell
communication and induce cell transformation and malignancy [ 7 7 ] . Many
proinflammatory cytokines, such as tumor necrosis factor (TNF)-α and interleukin
(IL)-6, are involved in the creation of the tumor microenvironment[77]. Furthermore,
there are immunosuppressive cells in the tumor microenvironment that secrete
vascular endothelial growth factor (VEGF), IL-6, IL-10, transforming growth factorbeta (TGF-β), soluble FasL, and indolamine-2,3-dioxygenase to promote the growth
and metastasis of CRC by generating ROS and RNS, potentiating the EMT, and
inducing angiogenesis[77,78]. Following the activation of these cytokines, some signaling
pathways that can induce inflammation and stress are activated to induce the
proliferation of cancer cells[75].
Some enzymes, such as Rab GTPase, can also have an essential function in the
growth and metastasis of CRC, and they are correlated with cytokines. Rab GTPases,
a large family of Ras small GTPases, play a crucial role in normal human physiology
by controlling membrane identity and vesicle traffic[79]. A study using a metastatic
mouse model suggested that high Rab3C expression in patients might increase the
migration and invasion ability of colon cancer as a result of IL-6 secretion and
JAK2/STAT3 signaling pathway activation[80]. Besides the Rab3C-IL-6-STAT3 axis,
another Rab GTPase, Rab25, is also linked to CRC[81]. The loss of Rab25 is associated
with a poor prognosis in CRC because Rab25 can influence the trafficking and
recycling of numerous key regulators of polarity and signaling that are involved in
transformation[81].
Oxidative stress: Another factor that promotes the development of CRC is oxidative
damage, which is characterized by elevated ROS levels and accumulated mutations
that cause oxidative DNA damage[82]. ROS, which includes superoxide (O2−), the
hydroxyl radical (•OH), and hydrogen peroxide (H2O2), act as crucially important
mediators in multiple cell signaling pathways[82]. Sustained and excessive ROS are not
only strongly correlated with the tumorigenic potential of cancer cells but also render
cancer cells resistant to anticancer drugs[83]. Studies have demonstrated that both gut
microbiota and inflammation can cause oxidative stress [84] . Gut microbiota can
generate reactive metabolites and induce chronic mucosal inflammation [ 8 4 ] .
Inflammatory cells can mediate immediate cellular stress responses through the
activation of NF-κB, signal transducer and STAT3, hypoxia-inducible factor-1α,
activator protein-1 (AP-1), and Nrf2[84]. Meanwhile, LPO, protein oxidation, nitric
oxide (NO) production, enzymatic activity alteration and DNA damage can be
mediated by oxidative stress, to injure cells, induce gene mutation, and influence
signaling pathways and transcription factors[84].
Gut microbiota: Gut microbiota is viewed as a forgotten organ that participates as an
essential contributing factor in the initiation and development of CRC[85]. The balance
of gut microbiota is conducive to the metabolism of nutrients, maintenance of the
intestinal barrier, modulation of the immune system, and protection from
pathogens[86]. However, some bacterial species have been identified and suspected to
play a role in colorectal carcinogenesis; these include Helicobacter pylori, Bacteroides
fragilis, F. nucleatum, and so on[85]. Dysbiosis is characterized by reduced Firmicutes to
Bacteroidetes ratio (known as FIR/BAC), depletion of short-chain fatty acidproducing members of Lachnospiraceae and Ruminococcaceae, and the presence of
putative pathobionts of oral origin[87]. Dysbiosis contributes to increased mucosal
permeability, bacterial translocation, and increased activation of components of the
innate and adaptive immune system. These changes promote chronic inflammation
and further downstream changes that promote colon carcinogenesis[88].
Gut microbiota can regulate some immune cells of the immune system to impact
the development of CRC.
(1) T lymphocytes: Gut microbiota can exert an important effect on T lymphocytes
to modulate the progression of CRC. On the one hand, gut microbiota plays an
important role in triggering chemokines production, such as that of CCL3, CCL4,
CCL5, CCL20 and CXCL10, ultimately leading to T lymphocyte recruitment in tumor
tissues and improved prognosis of CRC [89] . Bacteria-induced chemokine gene
expression may also be initiated by Toll-like receptor (TLR) triggering on CRC cells[89].
On the other hand, gut microbiota can regulate the differentiation of T lymphocytes.
Different T lymphocytes can exert different effects on CRC. Th1 cytokine interferon
gamma (IFNγ) plays an antitumorigenic role, whereas the Th2/Treg cytokines IL-4,
IL-5, and IL-10 mediate a protumorigenic role[90]. Besides, Th17 cells are known to be
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protumorigenic in CRC, and IL-17A is also linked to the gut microbiota [90] . Gut
microbiota depletion can increase numbers of antitumor IFNγ-secreting T cells and
decrease numbers of protumor IL-17A and IL-10 secreting immune populations to
reduce the development of CRC[90]. Another study also demonstrated that a remodel
of the gut microbiota can enhance anti-inflammatory capacity through promoting the
induction of Tregs[91]. In addition, F. nucleatum, a proinflammatory bacterial species in
tumor tissue but rarely found in normal intestinal microbiota, is associated with
increased lymph node metastases and a worse outcome in CRC patients [92,93] . F.
nucleatum is likely to possess immunosuppressive activities through its inhibition of
human T cell responses[94,95]. F. nucleatum has been shown to expand myeloid-derived
immune cells, which inhibit T cell proliferation and induce T cell apoptosis in
CRC[95,96]. F. nucleatum also expresses the virulence factor FadA on their bacterial cell
surface, which has been shown to activate the Wnt signaling pathway and downregulate the T cell-mediated antitumor immune response[92]. Similarly, F. nucleatum
can recruit proinflammatory cytokines, such as IL-17A, TNF, and CCL20, which
induce inflammation and suppress immunity[97]. Meanwhile, rats with depletion of
gut microbiota also show an increase in cytotoxic T lymphocyte cells[98]. Finally, a
study demonstrated that fecal bacteria from CRC patients can up-regulate
degranulation and cytotoxicity of CD8+T cells[99].
(2) B lymphocytes: The human gut homeostasis requires microbiota coated by both
secretory immunoglobulin M (SIgM) and secretory immunoglobulin A (SIgA)
emerging from B lymphocytes[100]. SIgA deficiency will cause dysbiosis, which may
promote the development of CRC[100]. The study indicated that SIgM may emerge
from pre-existing memory B cells and could help SIgA anchor highly diverse
commensal communities to intestinal mucus[100]. Meanwhile, IL-33 might participate
in modulating the IgA-microbiota axis to prevent IL-1α-dependent colitis and
tumorigenesis [101] . IL-33 can promote IgA production to maintain gut microbial
homoeostasis and inhibit IL-1α-mediated inflammation to prevent the onset of
CRC[101]. Similarly, bacteria in CRC can also induce the production of IL-17, which
promotes influx of intratumor B cells that promote tumor growth and progression[102].
(3) Natural killer (NK) cells: Some certain bacteria may favor recruitment of
immune cells such as NK cells other than T cells, to achieve a favorable prognosis[89].
NK cells and CD8+T cell crosstalk in the tumor microenvironment may benefit patient
outcome [103] . Nlrp3 inflammasome components exacerbate liver CRC metastatic
growth by impairing IL-18 signaling and further impacting maturation of hepatic NK
cells [104] . In addition, Nlrp3 activation might be mediated by a microbial ligand
derived from the remaining intestinal microbiota[104].
(4) Neutrophils: Neutrophils are also believed to modulate growth of colon tumors,
and correlate with outcomes of patients with colon cancer[102]. It has been indicated
that neutrophil depletion is correlated with increased numbers of bacteria in tumors
and proliferation of tumor cells, and an inflammatory response mediated by IL-17,
thereby inducing the development of CRC[102].
(5) Eosinophils: Eosinophils in CRC patients are strongly linked with a decreased
disease risk, better prognosis, and extended patient survival[105]. Dysbiosis might
impair eosinophil-driven responses to promote the development of CRC[105]. However,
the specific mechanism is not clear.
(6) Macrophages: Macrophages are also involved in the development of CRC.
Monocytes/macrophages may polarize as M1 or M2 cells [ 1 0 6 ] . Overall, M1
macrophages display a pro-inflammatory potential mediating antitumor activities,
while M2 macrophage display an anti-inflammatory promoting cancer cell
growth [106,107] . In the tumor microenvironment, tumor-associated macrophages
undergo polarization into M1 and M2 phenotypes[108]. The specific interaction of gut
microbiota and macrophages on CRC is still required to investigate further. Some
studies have provided insights into the relative mechanism. A metastasis-related
secretory protein, cathepsin K, activated by the imbalance of intestinal microbiota,
stimulates CRC progression through accelerating M2 polarization of tumor-associated
macrophages through a TLR4-mTOR-dependent pathway[108]. Besides, another study
also indicated that defects in the subepithelial band of lamina propria-indigenous
macrophages barrier in inflammatory bowel disease encourage the trespassing of the
gut microflora into the host, thereby destabilizing host immunity and promoting the
development of CRC[109]. High amounts of F. nucleatum intratumorally are correlated
with increased macrophage infiltration and CDKN2A promoter methylation in MSI-H
CRC [110] . Although it can be hypothesized that the repression of CDKN2A via
promoter methylation may be connected with the increased M2 macrophages in F.
nucleatum-high CRC, the M2 macrophage density was not significantly associated
with F. nucleatum status in MSI-H CRCs, as displayed by the study[110]. Besides, a
strong association between lower frequency of macrophages, increased Firmicutes,
and decreased tumorigenesis was also observed in CRC[111].
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(7) Dendritic cells: Dendritic cells play critical roles in maintaining tolerance and
immune homeostasis in the gut[112]. And, some species in the gut can also induce
dendritic cell maturation and the induction of Tregs and IL-10 production to regulate
tumorigenesis[112]. Overall, the specific immune-microbiota mechanism needs to be
investigated by more animal studies and epidemiological studies before it is proven.
Molecular pathological epidemiology: Molecular pathological epidemiology (MPE)
has emerged as an integration of molecular pathology and epidemiology, to address
the need to investigate the inherent heterogeneity of pathogenic processes even for a
single disease entity[113,114]. Overall, MPE discusses the interrelationship between
exogenous and endogenous factors, tumoral molecular signatures, and tumor
progression[114]. On the one hand, MPE can uncover potential risk factors that are not
detectable in conventional epidemiological research without using molecular
pathology methods[115]. On the other hand, MPE can help us refine the association
between exogenous or endogenous factors and validate specific etiological
hypotheses, thereby augmenting causal inference[113-116]. Meanwhile, MPE study can
provide novel etiologic and pathogenic insights, potentially contributing to precision
medicine for personalized prevention and treatment[116,117]. In addition, MPE can also
integrate several disciplines to evolve subfields of MPE, including pharmaco-MPE,
immuno-MPE and microbial MPE, to provide novel opinions into underlying
etiologic mechanisms[116].
Some progression has been made in CRC. The MPE research has determined the
strength of the association for between the exposures and the specific subtypes of
CRC, which can help to establish causality and speculation on the relative mechanism
of exposure acting on CRC. A MPE study has demonstrated that both obesity and
physical inactivity are associated with a higher risk of CTNNB1 (β-catenin)-negative
CRC but not with CTNNB1-positive cancer risk[118]. Hence, the study implied that
energy balance and metabolism status might exert impact on the development of CRC
independent of WNT/β-catenin activation[118]. Then, pharmaco-MPE, integrating MPE
into pharmacoepidemiology, will play a vital role in identifying target individuals
who will most likely benefit from use of a particular drug, clinically[116]. MPE studies
have demonstrated that regular use of aspirin can reduce the risk of CRC with
overexpression of COX-2 but not of that with weak or absent expression of COX2 [119,120] . Many pharmaco-MPE studies have shown that regular aspirin use was
associated with lower risk of BRAF-wildtype and PIK3CA-mutated CRC but not with
BRAF-mutated and PIK3CA-wildtype CRC[121,122].
Immuno-MPE, the integration of immunology and MPE, can mainly discuss
exposures impacting CRC through regulating the immune system and diseaseimmune interactions[117]. An MPE research project has revealed that the association of
aspirin use with CRC survival is stronger in patients with the programmed cell death
ligand 1 (PD-L1)-low tumors than the PD-L1-high CRC[123]. It indicated that PD-L1
expression might serve as a biomarker that predicts resistance to aspirin use[123]. In
addition, microbial MPE is also studied in CRC. Typically, a high level of F. nucleatum
might be associated with molecular features of CRC, including MSI-high and CIMPhigh[124,125]. Meanwhile, another MPE study demonstrated that a greater amount of F.
nucleatum was associated with a lower density of CD3+T cells in CRC, indicating that
the interaction of target microbiota and immune system should be discussed further
for CRC prevention and precision treatment[126]. In addition to F. nucleatum, other
components of gut microbiota need to be investigated in the future.
Although the MPE has many strengths, the pitfalls and challenges should be
considered. Challenges in MPE mainly include sample size selection, need for
rigorous validation of molecular assays and study findings, and paucities of
interdisciplinary experts, education programs, international forums, and standardized
guidelines[113]. In addition, MPE research needs to face the issue of multiple hypothesis
testing, so it is necessary to form a priori hypotheses based on earlier exploratory
findings or on potential biological mechanisms[114]. Similarly, MPE also may create a
higher chance of yielding spurious findings[113].
Other mechanisms: The EMT and the Warburg effect (WE) are considered to be
involved in tumor metastasis. EMT occurs when polarized epithelial cells lose their
adhesion property and obtain mesenchymal cell phenotypes as a result of the loss of
membrane E-cadherin expression[127]. Although the exact mechanism in CRC is not
clear, EMT-related molecular mechanisms have been described, including the
activation of many signaling pathways, such as the TGF-β/Wnt pathway and
PTEN/Akt/HIF-1α pathway, as well as many activated genes, such as APC and
Akt[128]. The WE is the result of pyruvate being directed away from the tricarboxylic
acid cycle and metabolized to lactate, resulting in a buildup of glycolytic
intermediates [129] . Briefly, the WE is the process of aerobic glycolysis [129] . Many
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mechanisms can inhibit the WE in CRC to affect the metastasis of cancer; these
include some miRNAs [130,131] , such as miRNA-98 and Pim1 [132] . Gas1, a tumor
suppressor, can inhibit both EMT and the WE in CRC through AMPK activation and
the mTOR pathway[133].

Tea polyphenols
Because of the drug resistance and side effect that can arise in targeted therapy of
CRC, studies have investigated treatments that involve natural bioactivate materials
found in various foods, such as tea polyphenols (TPs)[134,135]. We have learned that TPs
may become a novel medicine to prevent and treat disease with fewer side effects
than traditional medicines[135]. Also, the combination of chemotherapeutic drugs and
TPs could synergistically enhance treatment efficacy and reduce the adverse side
effects of anticancer drugs[136]. Over the past several decades, we have learned that TPs
can be utilized effectively as chemopreventive and chemotherapeutic agents for some
diseases, including obesity [137] , diabetes mellitus [138] , Alzheimer’s disease [139] ,
Parkinson’s disease[140], cardiovascular disease[141], and cancers[142]. TPs can play an
essential role in the treatment of most cancers by causing G0/G1 phase cell cycle
arrest and inhibiting angiogenesis[143,144]. One study demonstrated that green TPs could
suppress the pathological formation of new blood vessels by inhibiting members of
the VEGF family[144].
Chemical structure of TPs: Tea, which originates from the plant species Camellia
sinensis, has become the second most commonly consumed beverage following water,
with teas such as green tea, black tea, and oolong tea among those frequently
consumed[145]. The main difference between these three kinds of tea is the fermentation
level, which leads to the presence of different TPs[145]. Green tea is made from dry tea
leaves, which do not undergo the process of fermentation[145]. Thus, green TPs contain
more oligomeric polyphenols, with the main content comprising flavan-3-ols or tea
catechins (approximately 59%), including (-)-epigallocatechin (EGC), (-)epigallocatechin-3-gallate (EGCG), (-)-epicatechin (EC), and (-)-epicatechin-3-gallate
(ECG) (Figure 2), among which EGCG is the most abundant polyphenol in green
tea [145-147] . Although gallic acid (GA) can also be found in green tea, it is mostly
contained in the fully fermented Pu-erh tea, usually[148]. Black tea must undergo high
or full fermentation, and the level of fermentation of oolong tea falls in the middle of
this range[136,149]. Therefore, black tea contains lower monomeric polyphenol content
(3%-10% of solids) and higher concentrations of polymeric polyphenols (23-25% of
solids), such as theaflavin (TF), theaflavin-3-gallate (TF2a), theaflavin-3’-gallate
(TF2b), theaflavin-3,3’-digallate (TF3 or TFdiG), and thearubigin (Figure 3)[147,150].
Oolong tea polyphenol content includes epitheflagallin (ETG) and EGCG, among
others[149].
Oligomeric and polymeric polyphenols undergo mutual transformation. The
formation of black TPs involves two steps: Oxidation and polymerization, which are
regarded as the fermentation of green tea[151]. In the first step, catechins are partially
oxidized to quinones as a result of the enzymatic catalysis of polyphenol oxidase or
peroxidase, which exist in nature [151] . Subsequently, polymerization produces
gallocatechin quinones, and further oxidation and rearrangement lead to the synthesis
of the core of black TPs, namely, benzotropolone[151]. For instance, EC and EGC form
TF1, ECG and EGC form TF2a, EC and EGCG form TF2b, and ECG and EGCG form
TF3[151]. Therefore, the chemical structure of black TPs and green TPs share some
similarities. All oligomeric polyphenols have the same basic chemical structure of two
aromatic rings (A and B) linked by three carbons that usually form an oxygenated
heterocycle (C ring), which consists of a C6–C3–C6 skeleton[152,153]. In the B ring, OH or
OCH3 groups usually occupy up to three positions[153]. In flavan-3-ols, the C ring, as
the activated center, is a saturated heterocycle with a hydroxyl group that provides
different arrangements of hydroxy, methoxy, and glycosidic groups and bonds with
other monomers[153]. Moreover, the chemical structures of TPs are not simple linear
oligomers because they contain gallate groups[153].
Bioavailability of TPs: After tea is consumed, TPs can be decomposed into different
fractions and absorbed in the gut, which is considered to be a complex physiological
process. Bioavailability is used to describe the extent of absorption that an ingested
compound is released from food, and its fate in the organism[154]. Furthermore, many
studies have investigated the kinetics and extent of polyphenol absorption by
measuring plasma concentrations and/or urinary excretion after the ingestion of
TPs[155]. A number of studies have demonstrated that TPs have poor bioavailability
from in vivo and in vitro gastrointestinal digestion[154,156]. In nature, most flavan-3-ols
undergo epimerization and exist as stereoisomers in a cis or trans configuration [(-)epicatechin or (+)-catechin, respectively][150]. Different stereoisomers have different
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Figure 2

Figure 2 The structures of green tea polyphenols, including (−)-epigallocatechin-3-gallate, (−)-epicatechin-3-gallate, (−)-epigallocatechin, catechin, (−)epicatechin[146].

bioavailability. The bioavailability of the stereoisomers has been ranked as (-)epicatechin > (+)-epicatechin = (+)-catechin > (-)-catechin[150]. Also, the in vivo effects of
flavan-3-ols, major components of green TPs, rely on their absorption and metabolism
in the gastrointestinal tract[157]. Thus, we should discuss the health effects of not only
TPs but also their metabolites.
The different metabolites can be found in the small intestine and large intestine.
The absorption and metabolism of TPs, including the processes of methylation,
glucuronidation, and sulphation, mainly transpire in the small intestine[150]. Among
the TPs, EGCG is the only known polyphenol present in plasma with a large
proportion (77%-90%) in the free form [158] . Others are highly conjugated with
glucuronic acid and/or sulfate groups, such as epicatechin-3’-glucuronide and 4’-Omethylepicatechin-3’-glucuronide, among others, after being metabolized[155]. One
study observed that the conjugated forms of two major phenolic catabolites, (-)-5(3’,4’,5’-trihydroxyphenyl)-gamma-valerolactone (M4) and (-)-5-(3’,4’dihydroxyphenyl)-gamma-valerolactone (M6), which accounted for up to 40% of the
amount of ingested pure EGC and EC, could be detected in plasma, urine, and
feces [159] . 4’,4’’-di-methyl-EGCG was also detected in human plasma and urine
following green tea ingestion[160]. Although the metabolism of black TPs has been
researched less, the metabolites might contain 3-methylgallic acid, 4-methylgallic acid,
and 3,4-di-methylgallic acid, which also exist in green TPs[150].
In the large intestine, the metabolic fate of TPs after in vitro gastrointestinal
digestion was studied, and bioaccessibility activity of TPs was shown to be higher in
the colon than in the duodenum, suggesting that, in vivo, the gut microbiota might be
able to metabolize dietary polyphenols, resulting in an increase in their beneficial
effects in the large intestine[136,161]. The study demonstrated that green tea catechins
were more bioavailable when colonic ring fission metabolites were taken into
consideration[158]. A possible ring-fission metabolite, (-)-5-(3’,5’-dihydroxyphenyl)-γvalerolactone (M6’), was detected in human urine after green tea ingestion[160]. The
fraction of flavan-3-ols that is not absorbed in the small intestine reaches the large
intestine, where it can undergo several microbial processes that finally lead to smaller
molecules that can be absorbed and reach the liver and, subsequently, the systemic
circulation[158]. Studies have indicated that catechin and epicatechin, which can enter
the portal vein at a relatively high concentration as a result of ileal transfer, can be
further metabolized to methylated and glucuronidated forms by phase I and II
metabolism in the liver[162]. From the action of microbiota, ingested flavan-3-ols can be
converted to C6-C5 phenylvalerolactones and phenylvaleric acids, which undergo
side-chain shortening to produce C6-C1 phenolic and aromatic acids that enter the
bloodstream and are excreted in urine[150].
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Figure 3 The structures of black tea polyphenols, including, theaflavin, theaflavin-3-gallate, theaflavin-3'gallate and theaflavin- 3,3'-digallate[150].

THE STUDY OF TPS AND CRC
Cytological studies
TPs have been studied to assess their ability to prevent CRC cells in vitro. For
example, the inhibitory effect of EGCG was observed in caco-2 colorectal
adenocarcinoma cells and Hs578T breast ductal carcinoma cells[163]. In HT-29 cells,
fermented Pu-erh tea showed stronger anticancer function than unfermented Pu-erh
tea and green tea due to increased GA[148]. In addition to the effects exerted by the TPs
themselves, their metabolic products can also have an antiproliferative effect. A study
reported that black tea, green tea, and some phenolic acids, such as 4-hydroxyphenylacetic acid (4-HPAA), 3-hydroxyphenylacetic acid (3-HPAA), 3-Omethylgallic acid (3OMGA), and polyhydroxy- valerolactones, all exhibited an
antiproliferative effect in HCT-116 cells, in which 3OMGA exhibited the strongest
antiproliferative activity among the phenolic acids [164] . The in vitro study also
demonstrated that the combination of EGCG and 3,4-dihydroxyphenylacetic acid (3,4DHPAA) significantly increased the antiproliferative activity compared with EGCG or
DHPAA alone[164]. Moreover, many in vitro studies have been conducted to elucidate
the specific mechanisms of the preventive and therapeutic effects of TPs on CRC. The
concentrations of TPs used in cell line studies are usually much higher than the levels
that are achievable in vivo because of their low bioavailability.
Some studies have demonstrated that a concentration-dependent relationship exists
between TPs and CRC. For instance, in human colon cancer cell lines, EGCG might
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exert a therapeutic effect by inhibiting Met signaling in a concentration-dependent
manner[165]. At concentrations of 0.5, 1 and 5 μmol/L, EGCG markedly suppressed the
activation of Met in the presence of hepatocyte growth factor. Concentrations of 10
μmol/L EGCG and below generated low amounts of H2O2 (< 1.5 μmol/L), whereas
higher H 2 O 2 concentrations (> 5 μmol/L) were required to directly increase the
phosphorylation of Met [165] . Green TPs (> 800 mg/mL) can trigger apoptosis of
preneoplastic and neoplastic intestinal epithelial cells in a dose- and time-dependent
manner [166] . Cellular studies also play an important role in understanding the
relationship between TPs and chemotherapeutic drugs. A study on HCT-116 and SW480 cells indicated that the combination of panaxadiol and EGCG significantly
increased the pro-apoptotic activity of panaxadiol compared with the drug alone (P <
0.01) because panaxadiol and EGCG can bind to two different sites of annexin V, an
endogenous protein, to mediate cell death[167].

Animal studies
By establishing related animal models of CRC, we can further identify the inhibitory
effect of TPs on CRC and further understand the manner in which TPs act on CRC. A
study demonstrated that a green TP fraction could inhibit the development of
azoxymethane (AOM)-induced colon carcinogenesis in male Fischer rats and F344
rats, but no dose-dependent relationship was found in male Fischer rats [168-171] .
Moreover, after investigating 129 female F344 rats, Narisawa et al[172] suggested that
GTP, even at a very low dose (0.002% solution), also had an inhibitory effect on Nmethyl-N-nitrosourea-induced colon carcinogenesis. In addition, the antitumor effect
of white tea has been observed. A study demonstrated that in the ileum, the major site
of tumor formation in Apc(min) mice, white tea was more effective than green tea,
and white tea in combination with non-steroidal anti-inflammatory drugs (commonly
known as NSAIDs), such as sulindac, provided greater tumor suppression than tea or
sulindac treatment alone[173]. It has been demonstrated that black TPs can inhibit 1,2dimethylhydrazine-induced oxidative DNA damage in the colon mucosa of Fisher 344
rats because 1,2-dimethylhydrazine can cause DNA oxidative damage and is a colon
carcinogen[174]. Moreover, the modification (beneficial or harmful) effect of green TPs
on CRC may depend on their dosage. The results showed that 0.5% and 1% green TP
could exert a potential effect by increasing the expression of IL-1β and MIF, but 0.1%
might have had a suppressive effect[175]. Similarly, Ju et al[176] confirmed that EGCG in
drinking fluid in the range of 0.02%-0.32% dose-dependently inhibited small
tumorigenesis in Apc(min)/+ mice (with a significant negative linear relationship, P <
0.01).

Epidemiological studies
An increasing number of clinical trials have been carried out to confirm the
relationship between TPs and CRC. A randomized, placebo-controlled, multicenter
trial demonstrated the effect of diet supplementation with green tea extract (GTE)
containing 300 mg EGCG on the recurrence of colon adenomas[177]. Scientists have also
concentrated more on the specific dose of TPs to inhibit CRC. A dose-response metaanalysis was performed to evaluate the relationship between tea consumption and
CRC risk by analyzing 29 qualifying studies. The results of the dose–response analysis
showed that there was a significant inverse association between an increment of 1
cup/d of tea consumption and CRC risk in the green tea-drinking (odds ratio of 0.98,
95%CI: 0.96-1.01) and female subgroups (odds ratio of 0.68, 95%CI: 0.56-0.81)[178]. A
randomized trial demonstrated the preventive effect of GTE supplements on
metachronous colorectal adenomas by raising the green tea consumption in the target
population from an average of 6 cups (1.5 g GTE) daily to 10 cups equivalent (2.5 g
GTE) in supplemental GTE tablets[179]. Additionally, a total of 12 studies (5 cohort and
7 case-control studies) involving 17481 cases and 740859 controls indicated that high
intake of flavonols, such as quercetin, might reduce the risk of colon cancer, and high
intake of flavones (such as apigenin) might reduce the risk of rectal cancer[180].
In another study, the plasma concentration of TPs was observed to have a
suppressive effect on cancer cells, but no association was found between urinary tea
catechins and the risk of rectal cancer[180]. However, a cohort study of 18244 men
demonstrated that those with high prediagnostic urinary EGC levels and 4’-MeEGC
had a lower risk of colon cancer, with a statistically significant difference observed[181].
Some previous studies have not found a statistically significant decrease in the risk of
CRC with the administration of TPs[182-184]. There are many reasons that might cause
these discrepancies among studies. Sex may be regarded as one of the factors. A sex
hormone-mediated pathway may be involved in the observed positive association
between green tea intake and late-stage CRC, which seems to be restricted to males[182].
Moreover, there also exists some bias in study participants. For example, we cannot
avoid effects of lifestyles, such as cigarette smoking and alcohol consumption, or
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other diseases, such as diabetes[182,183]. In addition, one of the studies did not divide tea
consumption into specific subcategories (such as 5-9 cups and 10 or more cups), so the
amount of tea consumption might have affected the result of the experiments[184].

THE RELATIVE MECHANISM OF TPS IN CRC
There are many studies that have proposed mechanisms by which TPs prevent the
formation and migration of CRC. However, many doubts surround the specific
mechanism of the prevention of cancer formation and metastasis. In this section, the
author aims to explain the mechanisms by which TPs prevent the formation and
metastasis of CRC.

Diet and lifestyle
The impact of diet and lifestyle should be considered in elucidating the relationship
between TPs and CRC risk. In a dietary pattern, tea should be combined with other
foods. The combination may enhance or diminish the relationship of tea and CRC.
Nowadays, existing studies have strongly demonstrated the relation of tea and some
foods with CRC. A study suggested that green tea and black tea can inhibit the
formation of heterocyclic amine produced from red and processed meat to suppress
colonic aberrant crypt foci (ACF) in the rat [185] . Besides, tea can also induce
cytochromes P450 and phase II enzymes in a manner consistent with the rapid
metabolism and excretion of heterocyclic amines[185]. Meanwhile, tea has been shown
to block N-nitroso compounds’ formation from red meat, thereby exerting the
protective effect of CRC[186]. A study demonstrated that combination of Se and green
tea is more effective in suppressing CRC than either agent alone[187]. The preventive
effect of combination diet on CRC has been evidenced by restoring SFRP5 gene
expression, increasing histone H3 acetylation and reducing DNA methyltransferase
(DNMT) 1 expression, inhibiting β-catenin nuclear accumulation, and reducing cyclin
D1 expression and cell proliferation in normal-appearing crypts[187].
Other foods should also be considered when discussing the protective effect of tea
on CRC. Further studies should be undertaken to understand the relationship and
mechanism profoundly. Variations in lifestyle factors might be the cause of
inconsistent findings regarding green tea intake and CRC risk in several
epidemiological studies. One study has shown that high green tea consumption (≥
25.50 g/d) was associated with a decreased risk of CRC, with or without considering
lifestyle factors[188]. However, moderate green tea consumption increased the risk of
CRC among ever-smokers, ever-drinkers and the high-inflammatory diet group[188].
Similarly, another study conducted in Shanghai also demonstrated that regular
consumption of green tea may reduce CRC risk among non-smokers but no
significant association was found among smokers[189]. However, we cannot obtain the
relative studies to understand the interaction of PA or aspirin, and tea, on CRC.
Furthermore, the relative mechanism of this interaction between lifestyle and CRC
should also be investigated in the future.

Effects on the signaling pathway
TPs can modulate several signaling pathways to exert a suppressive effect on the
growth and metastasis of CRC.
The MAPK pathway: One of the functions of MAPK signaling is the regulation of
gene expression in response to extracellular stimuli to suppress cell proliferation and
induce apoptosis[190]. Among the MAPKs, Jun amino-terminal kinases (JNKs) and p38
are involved in stress-induced apoptosis, and extracellular signal-related kinases
(ERKs) are connected to cell proliferation in CRC[191]. In the ERK/MAPK pathway,
mutation and overexpression of Ras genes have been found in various cancers to
dysregulate stem cells[192]. In CRC, the Ras signaling pathway involves the activation
of two protein kinases, MAPKKs (Raf) and MAPKKs (MEK), which lead to the
phosphorylation of ERK1 and ERK2 at threonine and tyrosine residues to cause
dimerization, nuclear translocation, and the induction of target genes, such as KRas,
NRas, and BRAF[193,194]. In addition, Ras can also activate JNK and p38 by similarly
activating the protein kinase phosphorylation cascade through rac and cdc42, which
are small GTP-binding proteins[194]. In the JNK/MAPK pathway, JNK is activated in
cells exposed to environmental stress or treated with proinflammatory cytokines, and
targets of the signaling pathway include the transcription factors ATF-2, Elk-1, c-Jun,
and NFAT4[195].
MAPKKs, together with members of the MEK kinase (MEKK) and mixed-lineage
kinase (MLK) groups of MAPKKKs, regulate the activity of JNK (Figure 4)[195]. In CRC,
the p38 MAPK pathway is involved in sustaining tumor growth and chemoresistance,
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and it is classified as a “stress-activated” kinase pathway that is activated by a variety
of extracellular stimuli[196]. Four genes have been identified that encode p38 MAPKs:
MAPK14 (p38α), MAPK11 (p38β), MAPK12 (p38γ), and MAPK13 (p38δ)[197]. MKK3/6
are activated by their upstream kinases, such as MTK1 (or MEKK4) and apoptosis
signal-regulating kinase 1 (Figure 4)[196]. In normal and CRC cells, the manipulation of
p38-interacting protein and p38α, a negative regulator of autophagy, was found to
alter the localization of mATG9, a protein required for autophagosome formation,
which suggests that p38α could provide a link to nutrient-dependent signaling
cascades that are activated during autophagy[196]. Normally, the balance between
ERK1,2 and p38 pathways is sustained by PP1/PP2A protein phosphatases[198]. Once
the balance is disturbed, some diseases, including CRC, can be induced[198].
TPs can modulate MAPK pathways to inhibit the onset of CRC. Although EGCG
inhibits the ERK signaling pathway in activated cells to induce death, EGCG can
increase the phosphorylation levels of ERK1/2 and Akt in resting cells[199]. In addition,
phosphorylated MAPKs can activate transcription factors, such as AP-1[200]. Thus,
green and black TPs, except for EC, can inhibit AP-1 activity by inhibiting phosphoERK and phospho-c-Jun formation and, subsequently, decreasing the levels of c-Jun
and fra-1 by EGCG and TFdiG, respectively (Figure 4)[200]. The inhibitory effect may
depend on the presence of the galloyl structure on the B ring and the gallate
moiety[200]. In addition, the JNK pathway plays a pivotal role in EGCG-induced cell
death [191] . EGCG can induce the activation of JNK to promote the release of
cytochrome c, leading to apoptosis in the Bax-dependent condition (Figure 4)[191,199].
One study reported a linkage between the ERK and JNK pathways, and an inhibitor
of ERK can cause JNK activation, which induces cell death[191]. In the p38 pathway,
EGCG can activate phospho-p38α, p38γ, and p38δ to mediate the p38 MAPK
pathway, thus affecting CRC growth (Figure 4)[199].
PI3K/Akt signaling: PI3K/Akt signaling is also involved in the reduction of
apoptosis, stimulation of cell growth, and an increase in proliferation[201]. Normally,
Akt plays central but diverse roles in the responses of various cell types and tissues to
hormones, growth factors, cytokines, and neurotrophic factors, among other
stimuli[201]. Pathologically, multiple genetic lesions confer hyperactivation of Akt in
solid human tumors[201]. In CRC, the array of downstream pro-survival and progrowth effects of Akt signaling, including changes in cellular metabolism, are likely to
contribute to its role in tumor growth and progression[201]. Receptor tyrosine kinases
(RTKs), such as EGFR, belong to a family of transmembrane receptors that display
tyrosine kinase activity and trigger the activation of downstream signaling pathways
that are mainly involved in cell proliferation and survival, similar to the effects of
lipid rafts (Figure 5)[202]. The canonical pathway leading to Akt activation is initiated
by the stimulation of RTKs or G-protein-coupled receptors, leading to plasma
membrane recruitment and the activation of one or more isoforms of the class I PI3K
family (Figure 5)[201]. Phosphorylated Akt activates a multitude of downstream targets,
such as the mTOR complex 1 (mTORC1), BAD, CASP9, various FOXO proteins,
GSK3β, MDM2, and TSC1, which regulate proliferation, apoptosis, and other
processes (Figure 5)[201,203].
TPs can inhibit RTKs and G-protein-coupled receptors in PI3K/Akt pathways
(Figure 5). TPs can inhibit RTKs in many ways. On the one hand, EGCG can inhibit
EGF binding and EGFR activation directly and indirectly by modulating multiple
components in cell membranes to cause anti-angiogenic effects[204]. Low concentration
and high concentration of EGCG can modify the structure of lipid bilayers and reduce
the bilayer stiffness, respectively[204]. On the other hand, EGCG can bind to the 67 LR
protein and thus further inhibit lipid rafts[204]. EGCG inhibits not only EGFR but also
other RTKs [204] . Studies have demonstrated that EGCG can down-regulate the
expression of VEGF by blocking ERK-1 and ERK-2 activation so that it can suppress
the growth of CRC[205]. The Akt pathway is also activated by Met. Met, as the receptor
for hepatocyte growth factor, mediates the proliferation, motility, and invasion of
CRC cells in metastasis [206] . Met activation has docking sequences for several
SH2/SH3-containing molecules, including Gab1, Src, Grb2, and PI3K, which in turn
are capable of activating a number of downstream signaling components, including
the Akt pathway (Figure 5) [ 2 0 6 ] . However, EGCG can inhibit Met signaling
independent of H2O2-related mechanisms[165,207]. Enzyme kinetic studies have identified
the gallate moiety as a key structural feature of TPs’ ability to bind to the kinase
domain of the Met receptor[208]. Moreover, the diverse effects of TPs that are mediated
by the G-signaling pathway may be attributable to their selective effect on the
regulators of G protein signaling (RGS); RGS can negatively induce G protein
signaling and control the expression of downstream target inflammatory genes, such
as COX-2, inducible nitric oxide synthase (iNOS), and matrix metalloproteinase
(MMP)-9, possibly through NF-κB (Figure 5)[208]. TF-2, TF-3, and EGCG, all of which
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Figure 4 MAPK activity is regulated through three-tiered cascades composed of a MAPK, MAPK kinase (MAPKK, MKK, or MEK), and an MAPKK kinase or
MEK kinase (MAPKKK or MEKK)[190]. Four groups of MAPKs are extracellular signal-related kinase (ERK)-1/2, Jun amino-terminal kinase (JNK1/2/3), p38 proteins
(p38α/β/γ/δ), and ERK5, which are activated by specific MAPKKs: MEK1/2, MKK4/7 (JNKK1/2), MKK3/6, and MEK5, respectively[190]. MAPKKKs, the upstream
targets of MAPKKs, contain Raf in the ERK pathway, MEK kinase (MEKK) and mixed-lineage kinase (MLK) in the JNK pathway, and MTK1 (or MEKK4) and apoptosis
signal-regulating kinase 1 in the p38 pathway. Moreover, phosphorylated MAPKs can activate transcription factors, such as AP-1. Tea polyphenols (TPs) can
modulate MAPK pathways. In the ERK pathway, TPs can inhibit the activity of transcription factors, such as AP-1, by inhibiting the phosphorylation of ERK1/2. In the
JNK and p38 pathway, TPs can promote the activation of JNK1/2 and p38 to induce cell death. In addition, the blockade of ERK can also lead to the activation of the
JNK pathway.

contain a gallate group, can induce the expression of RGS10 and RGS14 selectively to
inhibit tumorigenesis (Figure 5)[209].
The Wnt/β-catenin pathway: Another signaling pathway is the Wnt/β-catenin
pathway. The Wnt pathway also plays a key role in stem-cell differentiation and
cellular growth, and it is activated aberrantly at the bottom of intestinal crypts[209].
Usually, in the absence of Wnt stimulation, β-catenin is sequentially phosphorylated
within the destruction complex by casein kinase 1 (CK1) and GSK3α/β [ 2 1 0 ] .
Phosphorylated β-catenin is then recognized by β-TrCP, a component of the E3
ubiquitin ligase complex, and ubiquitinated within the destruction complex[210]. Once
Wnt ligands bind to the frizzled (FZD) and low-density-lipoprotein-related protein
5/6 (LRP5/6) coreceptor complex, they cause the accumulation and nuclear
translocation of β-catenin to activate the Wnt transcriptional program (Figure 6)[210].
The aberrant up-regulation of Wnt signaling has been found to exist in CRC, not only
influencing the frequent mutation of some tumor suppressor genes, such as APC,
AXIN2, and β-catenin, but also disturbing the epigenetic silencing of some Wnt
inhibitors and negative regulators, such as SFRP1, WIF1, DKK1, and DKK3[209].
TPs have an inhibitory effect on the expression of β-catenin (Figure 6); they can
inhibit β-catenin/TCF-4 activity and reduce β-catenin protein expression (Figure 6)[173].
Similarly, they can also reduce the expression of two downstream signaling targets,
namely, cyclin D1 and c-Jun (Figure 6)[173]. When black TPs inhibit the Wnt/β-catenin
pathway, they can decrease the nuclear accumulation of β-catenin by suppressing the
phosphorylation of GSK3β at serine 9, and the suppression is achieved by decreasing
the activation of PI3Knase and Akt[211]. As a result of the decrease in the accumulation
of β-catenin, there is a decrease in related proteins, such as c-MYC and COX-2, and
p21, induced by black TPs[211]. Additionally, EGCG suppresses β-catenin response
transcription, activated by Wnt3a-conditioned medium, to promote the degradation
of intracellular β-catenin through a mechanism that is independent of GSK-3β and
PP2A (Figure 6)[212].
The 67 kDa laminin receptor pathway: The 67 kDa laminin receptor (67LR), a non-
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Figure 5 The class I PI3Ks activated by receptor tyrosine kinases, such as epidermal growth factor receptor, can phosphorylate PI 4,5-bisphosphate to
yield PI 3,4,5-triphosphate in the cell membrane[203]. The activation of PI3K results in the phosphorylation of two key residues on Akt1, T308 in the activation loop
(or T-loop) of the catalytic protein kinase core and S473 in a C-terminal hydrophobic motif[201]. PDK1 at T308 and mTOR complex 2 (mTORC2) at S473 can activate
Akt[203]. Phosphorylated Akt activates a multitude of downstream targets, such as the mTOR complex 1 (mTORC1), BAD, GSK3β. Tea polyphenols (TPs) can inhibit
PI3K/Akt signaling by interrupting receptor tyrosine kinases (RTKs) and G protein-coupled receptors. TPs can inhibit RTKs not only directly but also indirectly by
binding to 67 kDa laminin receptor. Moreover, TPs can activate the regulators of G protein signaling to negatively regulate the pathway. In addition, TPs can bind to
the Met receptor to inhibit PI3K activation. PIP2: PI 4,5-bisphosphate; PIP3: PI 3,4,5-triphosphate; TP: Tea polyphenol; RGS: Regulators of G protein signaling; 67LR:
67 kDa laminin receptor; GPCR: G protein-coupled receptor.

integrin cell surface receptor for the extracellular matrix molecule laminin, is overexpressed in CRC and plays a role in the growth and metastasis of tumor cells and
resistance to chemotherapy[213,214]. EGCG, as the target ligand of 67LR, can bind to
67LR to exert a series of effects, ultimately achieving antitumor effects[215]. First, EGCG
can mediate 67LR-dependent cell death by eliciting Akt/endothelial nitric oxide
synthase/NO/soluble guanylate cyclase/cGMP/protein kinase Cδ/acid
sphingomyelinase signaling in CRC [ 2 1 3 ] . After EGCG binds to 67LR, Akt is
phosphorylated, and endothelial nitric oxide synthase is activated, leading to an
increase in NO[215]. The production of NO causes an increase in cGMP by activating
NO-dependent soluble guanylate cyclase, which is viewed as a rate-determining
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Figure 6 Wnt signaling is regulated by the cytoplasmic β-catenin destruction complex, which consists of the core proteins AXIN, adenomatous polyposis
coli, casein kinase 1, and glycogen synthase kinase 3[209]. Wnt ligands bind to the frizzled and low-density-lipoprotein-related protein 5/6 coreceptor complex and
cause the accumulation and nuclear translocation of β-catenin. In the nucleus, β-catenin engages the T cell factor (TCF)/lymphoid enhancer-binding factor
transcription factors to activate the Wnt transcriptional program[210]. In the Wnt/β-catenin pathway, Tea polyphenols (TPs) can inhibit β-catenin/TCF-4 activity and
reduce β-catenin protein expression and further reduce the expression of two downstream signaling targets, namely, cyclin D1 and c-Jun. Black TPs can also
suppress the accumulation of β-catenin by suppressing the phosphorylation of GSK3β by decreasing the activation of PI3Knase and Akt. Furthermore, TPs also
promote the degradation of β-catenin by inhibiting β-catenin response transcription. APC: Adenomatous polyposis coli; CK1: Casein kinase 1; GSK3: Glycogen
synthase kinase 3; TCF: T cell factor; TP: Tea polyphenol; LEF: Lymphoid enhancer-binding factor; LRP5/6: Low-density lipoprotein-related protein 5/6; CRT: βcatenin response transcription.

process, and then protein kinase Cδ and acid sphingomyelinase are activated[214]. Acid
sphingomyelinase is known to be part of the signaling cascade that participates in
apoptosis[215]. In addition, the 67LR pathway can also mediate the anti-inflammatory
effects of EGCG in lipopolysaccharide-stimulated human colorectal cells[216]. 67LR
signaling can activate the Toll-interacting protein, which is a negative regulator of
TLRs, to prevent the inflammatory response, further suppressing the onset of CRC[216].
The NF-κB pathway: In CRC, the NF-κB pathway is responsible for suppressing cell
proliferation, apoptosis, inflammation, angiogenesis, and metastasis[217]. There are two
distinct but interacting arms of the NF-κB pathway: The canonical pathway activated
by TNF-α, TLR ligands, and IL-1, and the noncanonical pathway activated by the TNF
superfamily members BAFF, CD40, receptor-activated NF-κB ligand, and
lymphotoxin β[217]. The canonical NF-κB pathway can be activated by the inhibitor of
κB (IκB) kinase (IKK) complex[218]. The proteasomal degradation of IκB is accompanied
by the translocation of NF-κB to the nucleus, where it facilitates gene transcription[219].
The noncanonical pathway is activated in response to β-catenin and also involved in
tumor proliferation and growth, angiogenesis, and invasiveness by up-regulating the
PI3K/Akt cascade, COX-2, and VEGF, among others[219]. As a transcription factor that
is necessary for iNOS induction, NF-κB can be inhibited by TPs, and TF3 might have a
greater inhibitory effect than other TPs[220]. There is evidence that has indicated that
TPs can block the phosphorylation of IKKβ in the cytosolic fraction and reduce the
nuclear accumulation of the transcription factor NF-κB[220]. TF3 decreases the protein
levels of inducible NO synthase by reducing the expression of iNOS mRNA, and the
reduction may be the result of preventing the activation of NF-κB, thereby inhibiting
the induction of iNOS transcription[220].
The JAK/STAT pathway: One study analyzed 65 human CRC samples, and the
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results showed that phosphorylated-STAT3 was correlated with vasculogenic
mimicry, which refers to the process by which highly invasive cancer cells mimic
endothelial cells by forming blood channels [221] . STAT3, a key member of the
JAK/STAT pathway, is constitutively activated in CRC, activated by IL-6[221]. STAT3 is
also a convergence point for multiple signaling pathways. In cases of CRC, evidence
has demonstrated that the activation of STAT3 and overexpression of cyclin D1 have a
relationship and that STAT3 is correlated with both survivin and bcl-x[222]. TPs have
the ability to suppress the JAK/STAT pathway[223]. EGCG can decrease elevated levels
of phosphorylated STAT1 and STAT3 proteins in a dose-dependent manner[223]. By
blocking the JAK/STAT pathway, the cytokine-mediated up-regulation of iNOS and
intercellular adhesion molecule-1 (commonly referred to as ICAM-1) can be
inhibited[223].
The Nrf2-related factor pathway: Another pathway associated with CRC is the Nrf2
pathway. Usually, the Nrf2 pathway plays a dual role in CRC[224]. On the one hand,
Nrf2 prevents tumor initiation, progression and cancer metastasis by eliminating
carcinogens[224]. On the other hand, Nrf2 hyperactivity due to the accumulation of
DNA damage can lead to the up-regulated expression of downstream genes, which
consequently induce metabolic reprogramming and an improved cell proliferation
rate[224]. Because of its antioxidative effect, the Kelch-like ECH-associated protein 1
(Keap 1)-Nrf2-antioxidant responsive element signaling pathway could be targeted in
CRC for cancer chemoprevention[225]. The evidence indicates that TPs can activate the
Nrf2 pathway to prevent CRC[226,227]. Yuan et al[226] elucidated that the protein and
mRNA levels of Nrf2 were significantly increased in EGCG-treated mice compared
with that in the control group (all P < 0.01). Another study demonstrated that
activation of the Nrf2 signaling pathway was probably induced by the up-regulation
of p62 and the inhibition of Keap1[227]. In addition, polymeric black TPs can also
modulate the Nrf2-antioxidant responsive element pathway in both hepatic and
colorectal tissues to induce of the phase II enzymes NAD(P)H quinone oxidoreductase-1 and GST to accelerate 1,2-dimethylhydrazine metabolism and decrease
DNA damage in CRC[211].
In sum, although TPs have the ability to modulate the NF-κB pathway, JAK/STAT
pathway and Nrf2 pathway, we do not clearly understand how to regulate this
pathway in CRC specifically, so further studies are required.

Anti-inflammatory effect
Some cytokines, such as TNF and IL-6, which are secreted by immune cells
(monocyte/macrophage lineages, mast cells, T and B lymphocytes, natural killer cells,
and neutrophils), can further activate other factors to induce tumorigenesis[228-230]. TPs
can inhibit the production of TNF-α and IL-6 to inhibit the inflammation response[166].
Moreover, the excessive cytokines can modulate the expression of target genes, such
as COX-2[219]. COX is modulated by cytokines, and COX-2, especially, can mediate
inflammation. COX-2 has been found to be overexpressed in early and advanced CRC
tissues, which is associated with a poor prognosis[229]. COX-1 has been hypothesized to
function as a housekeeping gene for the production of cytoprotective PGs in the
gastrointestinal tract, whereas COX-2 is an immediate early gene that is thought to be
involved in inflammation, mitogenesis, specialized signal transduction mechanisms,
or a combination of these processes[231]. NF-κB and Wnt/β-catenin signaling have both
been shown to regulate the expression of COX-2 (under hypoxic conditions) and TNFα[231]. Similarly, Ras and PI3K signaling are also involved in the expression of COX-2 at
a transcriptional and post-transcriptional level[231].
Since COX-2 signaling plays a crucial role in colorectal carcinogenesis, the
reduction of COX-2 can reduce inflammation and prevent tumorigenesis[232]. TPs
inhibit the expression of COX-2 in a multilevel process. TF2 can inhibit the expression
of COX-2 at both the mRNA and protein level (Figure 7)[233,234]. In addition, TNF-α,
iNOS, ICAM-1, and NF-κB are strongly down-regulated [234] . The EGCG-induced
inhibition of COX-2 occurs at the mRNA transcriptional level. EGCG can decrease the
stability of COX-2 mRNA through the COX-2 3’-untranslated region (Figure 7)[235].
Similarly, at the post-transcriptional level, EGCG can also block the translocation of
RAF-1 from the cytosol to the plasma membrane, thereby disrupting the association of
MEK-1 and RAF-1. The inhibition of MEK-1 activation can affect downstream ERK, so
that it can contribute to a decrease in the expression of COX-2 (Figure 7)[235]. Besides,
fermented Pu-erh tea X has also shown an anti-inflammation effect, via decreased
expression of NF-κB, iNOS and COX-2 messenger RNA, and increased expression of
IκB-α[148]. By inhibiting COX-2 directly and indirectly by TPs, the secretion of cytokines
by immune cells is suppressed indirectly, and then the inflammatory response can be
controlled. In addition, the anti-inflammatory property of EGCG is linked to antifolate
activity. EGCG is known as an “antifolate” because it can inhibit dihydrofolate
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reductase, and this interferes with DNA biosynthesis[236]. As a result, tumor cells are
more sensitive to inhibitors of their formation and development [236] . EGCG can
mediate the release of adenosine following the disruption of the folate cycle. The
release of adenosine can inhibit the Akt and NF-κB pathway by binding to specific
receptors that are produced by a significant increase by EGCG[236].
In addition, PGs, being cyclooxygenase metabolites of arachidonic acid, are
abundantly produced in tumor tissues, and PGE2 is predominant[237,238]. Many types of
cells, including tumor cells, fibroblasts, endothelial cells, and immune cells, produce
PGE2 in response to the activation of COX-2 and PGE synthase (Figure 7) [237,238] .
Moreover, PGE2 can also activate COX-2 by stimulating EP receptor (EP1-4) signaling,
with subsequent enhancement of cellular proliferation, promotion of angiogenesis,
inhibition of apoptosis, stimulation of invasion/motility, and suppression of immune
responses in CRC (Figure 7)[239]. TPs can inhibit COX and LPO-dependent arachidonic
acid metabolism in human colonic tissues to reduce risk of CRC, with ECG showing
the strongest inhibitory effects [240] . Reduced PGE2 levels can also decrease the
synthesis of COX-2 (Figure 7). It has been reported that green tea can inhibit PGE2
synthesis and thus suppress the development and metastasis of CRC in colorectal
mucosa in the population[241]. Surprisingly, the formation of the PGE2 metabolites
thromboxane (TBX) and 12-hydroxyheptadecatrienoic acid is also inhibited by TPs,
because they may affect the interaction of COX-2 with other microsomal factors in
tumor microsomes[240].

Anti-oxidation and pro-oxidation
Oxidation stress is viewed as the major mechanism to initiate CRC. The antitumor
effects of TPs are undoubtedly tied to pro- and anti-oxidative properties. Antioxidation and pro-oxidation by TPs, especially EGCG, have been recently studied in
CRC. Depending on their chemical structure, TPs can act as anti-oxidants, prooxidants, or both[242]. On the one hand, the effect of anti-oxidation depends on the
chemical structure of TPs. The phenol rings of TPs can act as electron traps and
scavengers of free radicals, inhibiting the formation of ROS and reducing the harm
caused by oxidative stress[242]. Compared with monomeric catechin, the reducing
power of synthetic polycatechins is lower[243]. Reducing power is associated with
molecular weight[243]. The reducing power was found to be lower with increased
molecular weight[243]. In addition, TPs can also enhance the expression of anti-oxidant
enzymes, including superoxide dismutase and glutathione peroxidase [244] . The
polycatechins showed great amplification of superoxide scavenging activity, xanthine
oxidase inhibitory activity, and compared to monomeric catechin: These activities
were proportional to their molecular weights[243]. Similarly, because of its phenolic
hydroxyl group, GA can inhibit LPO, decrease LPO products, and deplete the levels
of antioxidants in CRC [245] . GA can also suppress ROS and enhance the level of
GSH[245]. All of these studies have indicated that GA has anti-oxidative properties. On
the other hand, pro-oxidative activity is usually the result of the auto-oxidation of TPs
in high concentrations[242]. TPs can be oxidized by superoxide anion (O2-) radicals,
which affect their stability [246] . TPs can work directly or indirectly to promote
cytotoxicity as part of their antitumor activity; they promote it directly by producing
hydrogen peroxide and indirectly by reducing Fe(III) to Fe(II), which induces the
creation of more potent ROS by the Fenton reaction[247].
In CRC, TPs can also exert the effect of pro-oxidation to inhibit carcinogenesis. By
producing ROS, TP can modulate the expression of MMPs. MMPs are a family of
tightly regulated zinc-dependent endopeptidases that can degrade nearly all
components of the extracellular matrix and basement membrane and mediate the
EMT of primary epithelial tumors and their subsequent metastatic capacity[248,249]. In
CRC, MMP2 and MMP7 were shown to have a significant association with a
decreased risk of developing CRC, but MMP9 showed a significant association with
an increased risk[250]. Therefore, MMP7 can be tested to explore whether it is reduced
in CRCs. EGCG, acting as a pro-oxidant, can exert a promotive effect on pro-MMP7
production in a dose- and time-dependent manner by generating ROS, activating ERK
1/2, JNK 1/2, and c-JUN/c-FOS, and potentiating AP-1 transcription by increasing
the activity of the Jun/FOS protein superfamily[251].

Pro-apoptotic effect
Apoptosis is divided into the intrinsic pathway and the extrinsic pathway. Both the
extrinsic and intrinsic pathways converge in the same terminal execution pathway,
which is initiated by the cleavage of caspase-3 and results in the fragmentation of
DNA, degradation of cytoskeletal and nuclear proteins, cross-linking of proteins,
formation of apoptotic bodies, and expression of ligands for phagocytic cell receptors,
and the cell fragments are finally taken up by phagocytic cells [252] . The extrinsic
apoptotic signaling pathway is initiated by transmembrane receptor-mediated
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Figure 7

Figure 7 Tumor necrosis factor from immune cells can activate nuclear factor-kappa B, a central activator that induces the expression of inflammatory
genes, such as COX-2, tumor necrosis factor-alpha, inducible nitric oxide synthase, and ICAM-1, and tumor cell survival, proliferation, invasion,
angiogenesis, and metastasis are affected when tumor necrosis factor binds to tumor necrosis factor receptor 1 and assembles with tumor necrosis factor
receptor 1-associated death domain protein, tumor necrosis factor receptor-associated factor 2, cellular inhibitor of apoptosis protein 1 or 2, and linear
ubiquitin chain assembly complex[219,230]. Similarly, another cytokine, interleukin (IL)-6, is also secreted in the tumor microenvironment. The binding of IL-6 to the IL6 receptor activates STAT3, a major oncogenic transcription factor[229]. After binding to the IL-6 receptor at the cell surface, gp130 dimerization and activation and the
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transphosphorylation of JAKs are achieved and then contribute to the phosphorylation of STAT3, causing its translocation from the cytoplasm to the nucleus, where it
modulates the expression of a variety of genes[229]. Tea polyphenols (TPs) can inhibit inflammatory gene expression caused by cytokines secreted by immune cells in
colorectal cancer, with the suppression of COX-2 being particularly important. TPs can inhibit COX-2 in a multilevel process, majorly at the transcriptional and posttranscriptional level. In addition, (-)-epigallocatechin-3-gallate (EGCG) can suppress the expression of nuclear factor-kappa B (NF-κB) through interruption of folate
cycle. EGCG can inhibit dihydrofolate reductase and thereby interfere with the folate cycle, causing the release of adenosine. Adenosine binding to specific receptors
inhibits the activation of NF-κB. In addition, prostaglandin E2 (PGE2) can also activate COX-2 by stimulating EP receptor (EP1-4) signaling, with the subsequent
induction of colorectal cancer onset. Moreover, TPs can inhibit the synthesis of PGE2 and thereby suppress the expression of COX-2. TNF: Tumor necrosis factor;
TRADD: TNFR1-associated death domain protein; TRAF2: TNFR-associated factor 2; LUBAC: Linear ubiquitin chain assembly complex; IL-6: Interleukin 6; TP: Tea
polyphenol.

interactions, which include best-matched ligands and their death receptors, such as
FasL/FasR, TNF-α/TNFR1, Apo3L/DR3, tumor necrosis factor-related apoptosisinducing ligand (TRAIL, also called Apo2L)/DR4, and Apo2L/DR5[252,253]. The intrinsic
apoptotic signaling pathway, also known as the mitochondrial pathway of apoptosis,
involves a variety of stimuli that act on multiple targets within the cell[254]. Two main
groups of normally sequestered pro-apoptotic proteins, such as cytochrome c, are
released in response to the stimuli[255]. The Bcl-2 family of proteins can regulate these
apoptotic mitochondrial pathways positively or negatively. This family includes four
anti-apoptotic proteins (Bcl-xL, Bcl-w, A1, and Mcl1) and two groups of proteins that
promote cell death (the Bax and the BH3-only families, such as PUMA) (Figure 8)[256].
The tumor suppressor protein p53 can regulate Bcl-2 family proteins, such as Bax,
Noxa, or PUMA (Figure 8)[257].
TPs can promote both the intrinsic and extrinsic pathways of apoptosis in CRC
cells. In the extrinsic apoptotic pathway, green TPs induce apoptosis in intestinal
epithelia mediated by caspase-8 through a FADD-dependent pathway. They can
increase caspase activities, block NF-κB activation, and lead to the activation of FADD
and recruitment of the Fas/CD95 domain[143,166]. Moreover, TPs can also directly bind
to Fas death receptor to initiate caspase-8, which mediates apoptosis[191]. In addition,
EGCG can prevent TRAIL-induced tumor cell death by antagonizing the TRAIL
pathway by decreasing the binding of DR4 and DR5 and activating autophagy (Figure
8)[258]. Usually, autophagic flux is involved in TRAIL-induced apoptosis, and the
activation of autophagy can protect against TRAIL-induced cell death[258]. In the
intrinsic pathway, p53 and Bax are up-regulated, and the permeabilization of
mitochondria is mediated by TPs [234] . Fermented Pu-erh tea can induce intrinsic
apoptosis by increased expression of Bax, caspase-9, and caspase-3 messenger RNA
and decreased expression of Bcl-2[148]. Green TPs can induce the expression of PUMA
by inhibiting the activities of ERK1/2[259,260]. The release of cytochrome c and the proapoptotic protein Bax can be induced by TPs (Figure 8)[233]. Moreover, EGCG can
activate AMPK signaling to inhibit COX-2 by generating ROS, which are activation
signals upstream of AMPK, leading to pro-apoptosis and antitumor effects (Figure
8)[261].
The NSAID activated gene NAG-1 was identified a pro-apoptotic and
antitumorigenic protein with homology to members of the TGF-β superfamily[262]. In
the induction of NAG-1, even though the presence of a hydroxyl group may play a
pivotal role, the function of ECG, which lacks a hydroxyl group in the B ring, is more
potent than EGCG, indicating that the mechanisms by which the two types of TPs
induce NAG-1 are different[262]. EGCG can induce NAG-1 through a p53-dependent
mechanism (Figure 8)[262]. However, ECG-induced NAG-1 expression is mediated by
ATF3 in a p53-independent manner[262]. The over-expression of ATF3 may inhibit cell
growth and slow cell cycle progression from the G1 phase to the S phase[263]. In the
process of NAG-1 induction by ECG, thrombospondin-1 induced by ECG is an early
effector in the suppression of angiogenesis and modulation of the activity of TGFβ1[262].

Modulation of gut microbiota
TPs might alter the human intestinal and oral microbiomes that are relevant to
intestinal dysbiosis, which has been associated with colorectal carcinogenesis[87]. On
the one hand, TPs can modulate the composition of gut microbiota. A study
demonstrated that green TPs could induce elevated levels of short-chain fatty acids
producing so-called “beneficial” bacterial genera, such as Faecalibacterium, Blautia,
Bifidobacterium, Roseburia, Eubacterium, and Coprococcus, and reduce the functional
markers of inflammation[87]. Short-chain fatty acids have potent anti-inflammatory
properties, including the promotion of colonic Treg expansion and the production of
bile acid products, such as ursodeoxycholic acid, to protect hosts from
inflammation[264]. Biofilms are massive bacterial invasions of the mucus layer and
consist of many different types of bacteria (and even fungi), such as Bacteroidetes, to
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Figure 8

Figure 8 Both extrinsic and intrinsic pathways converge in the same terminal execution pathway, which is initiated by the cleavage of caspase-3. In the
extrinsic pathway, FasL/FasR and tumor necrosis factor-alpha (TNF-α)/ tumor necrosis factor receptor (TNFR)1 associate with the adapter protein called Fasassociated death domain (FADD), and procaspase-8 and TNF-α/TNFR1 also need to bind to TNFR-associated death domain to initiate the execution pathway[253]. In
the intrinsic pathway, all stimuli can change the inner mitochondrial membrane to initiate the mitochondrial permeability transition and release two main groups of
normally sequestered pro-apoptotic proteins, such as cytochrome c, from the mitochondria into the cytosol[255]. These proteins activate procaspase-9 and caspase-9
to activate the caspase-dependent mitochondrial pathway[253]. Tea polyphenols (TPs) can promote apoptosis of tumor cells. In the intrinsic pathway, TPs can upregulate p53, Bax, and PUMA, which are proteins that promote cell death. In addition, TPs can also induce the release of cytochrome c from the mitochondria into the
cytosol. In the extrinsic pathway, TPs induce apoptosis, mediated by caspase-8, through a FADD-dependent pathway. FADD: Fas-associated death domain; TRADD:
TNFR-associated death domain; TP: Tea polyphenol.

promote the formation of CRC [264] . TPs can induce the irreversible elevation of
Fimicutes, reduction of Bacteroidetes, and elevation of FIR/BAC to reduce the
formation of biofilms[87]. In addition, green TPs can also deplete Peptostreptococcaceae,
which has been previously linked to the CRC phenotype in a dose-dependent manner,
and related microbial genes may be modified[265]. Similarly, green TPs also can reduce
the abundance of Fusobacterium[87]. On the other hand, TPs are also metabolized by
esterase and glucosidase, and the demethylation, dehydroxylation, and
decarboxylation activities of bacteria can further facilitate the absorption of TPs by
intestinal mucosa[265].
TPs might regulate the immune system through modulating the gut microbiota, in
the tumor microenvironment. It has been hypothesized that TPs may promote T
lymphocyte proliferation and reduce M2 macrophages. Besides, other immune cells
such as B lymphocytes, NK cells, neutrophils, eosinophils and dendritic cells may be
regulated to some extent respectively. However, there is not enough evidence to
confirm these speculations. Further research on the specific mechanisms of TPs
regulating immune cells through gut microbiota should be undertaken. Not only that,
different forms of TPs might exert different impacts on lymphocytes. In bulk form,
TPs were shown to produce a statistically significant reduction in DNA damage in
lymphocytes[266,267]. In contrast, in NP form, TPs, although initially causing a reduction,
were shown to produce a statistically significant increase in DNA damage in the
lymphocytes[267]. This finding may support the notion that TPs can exert both antioxidant and pro-oxidant functions. This study also suggested whether different forms
of TPs can play different roles in other immune cells, such as macrophages,

WJG

https://www.wjgnet.com

584

February 14, 2020

Volume 26

Issue 6

Wang ST et al. Tea polyphenols and colorectal cancer

granulocytes and different subtypes of lymphocytes. More investigations are also
required to be carried out in the future.

MPE
Nowadays, there is still a lack of MPE studies on TPs for prevention and treatment of
CRC. However, in actuality, MPE studies on TPs and CRC are worthy carrying out.
These studies can uncover many aspects, not only for different kinds of TPs but also
for different subtypes of CRC. In addition, whether other endogenous or exogenous
factors will impact the effect of TPs on CRC remains a question, and MPE studies may
deal with this issue. Moreover, the pharmaco-MPE, immuno-MPE, and microbial
MPE should be considered in the studies of impact of TPs on CRC. These are novel
and important directions for investigators in the future. MPE studies are beneficial to
understanding potential causal mechanisms of TPs acting on CRC. MPE studies are
also helpful for the diagnosis and treatment of CRC using TPs earlier and more
precisely in clinic. Overall, MPE studies might represent an essential direction for
studying the TPs and CRC in the future, to satisfy the requirement of precision
medicine.

Epigenetic mechanism
Epigenetic gene silencing, which involves DNMTs and histone deacetylases (HDACs),
plays an important role in the formation and progression of CRC and can lead to the
silencing of some normally regulated genes, such as the mismatch repair and tumor
suppressor genes[268]. EGCG can promote the degradation of DNMT3A and HDAC3 to
disrupt the expression of genes by reducing the interaction between the E3 ubiquitin
ligase UHRF1 and DNM3A [268] . Thereby, gene silencing actions of HDACs and
DNMTs are inhibited by EGCG[268]. Butyrate (NaB), one of the principal products of
dietary fiber fermentation, induces differentiation in colon cancer cell lines by
inhibiting HDACs[269]. EGCG and EC can also inhibit NaB-induced differentiation in
the human colon adenocarcinoma HT29 cells [269] . The effect could be due to an
interaction between NaB and EGCG and EC that prevents the entry and cellular
action of NaB. EGCG and EC might inhibit H+-coupled monocarboxylate transporter
1-mediated NaB transport by altering lipid raft organization[269]. RXRα expression is
decreased in malignant human colorectal tumors as a result of the silencing of
regulatory genes through the hypermethylation of CpG islands[270]. EGCG can restore
activity levels of the nuclear transcription factor RXRα and reduce RXRα promoter
methylation. Subsequently, nuclear β-catenin and cyclin D1 levels decrease, and cell
proliferation is disrupted[270].

Other factors
Some enzymes are modulated by TPs and as a result prevent the growth and
metabolism of CRC. Telomerase, as a cancer-associated enzyme, has a major function
in the maintenance of telomeres and the extension of cellular life span, as well as
DNA repair and anti-apoptotic activities[271,272]. EGCG can block telomerase and limit
the growth of tumor cells[273]. By inhibiting telomerase activity, STAT3 and STAT1
interactions are induced to reduce the cancer stem cell phenotype[274]. EGCG can also
inhibit topoisomerase II activity, and Ardisia compressa tea more effectively inhibits
topoisomerase II activity and thus suppresses the proliferation of cancer cells[275]. Class
II topoisomerase inhibitors inhibit either the DNA binding or DNA cleavage step of
the enzymatic reaction; thus, DNA breaks are not generated, and tumor cells with
defective decatenation checkpoints fail to arrest their cell cycle in the G2 phase and
enter the M phase[276].
Moreover, green TPs have been reported to inhibit tumors by preventing protein
carbonylation in the tumor tissue environment, which depends on the pH of the
medium surrounding the tissue, the type of tumor, the stage of dysregulation of lipid
peroxidation, and the stage of carcinoma development[277].

CONCLUSION AND FURTHER DIRECTION
Overall, most studies, both in vitro and in vivo, support the notion that drinking tea
can be beneficial to health and that TPs play a predominant role in the promotion of
health. Worldwide, many scientists have indicated that TPs can inhibit the growth
and metastasis of CRC in a comprehensive multi-process mechanism. Diet and
lifestyle not only play an important role in the onset of CRC but also enhance or
diminish the impact of TPs on CRC. TPs can inhibit the proliferation of tumor cells by
the modulation of signaling pathways, such as the MAPK pathway, PI3K/Akt
pathway, Wnt/β-catenin pathway, and JAK/STAT pathway. TPs can exert their antioxidative or pro-oxidative properties to suppress the growth of CRC. Meanwhile, TPs
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can promote tumor cell apoptosis by facilitating extrinsic and intrinsic apoptosis. TPs
have also been shown to be able to induce cell autophagy by inhibiting TRAILmediated apoptosis. In addition, TPs can also modulate the components of gut
microbiota to improve immunity, regulate immune cells and decrease the
inflammatory response by increasing beneficial bacteria, and reducing harmful
bacteria. Inflammation is also inhibited by suppressing the expression of COX-2 in a
multilevel process. Finally, TPs serve a role in epigenetic mechanisms by promoting
the degradation of DNMT3A and HDAC3 and restoring RXRα activity levels. TPs can
also decrease chemoresistance in combination with chemotherapy medicines.
Therefore, TPs have widespread roles in the prevention and treatment of CRC.
At present, the properties and application of EGCG are attaining increasing interest
but there are not enough studies to determine whether other TPs can be applied in the
same way. Therefore, further investigation should be carried out to confirm the
specific mechanisms of each TP. In addition, because of the poor oral bioavailability of
TPs, it is difficult to judge the specific amount of TPs that should be recommended to
the population to promote health. To date, many clinical trials have been conducted to
demonstrate the function of TPs in the mitigation of many diseases, such as obesity
and breast cancer[278,279]. However, more randomized, double-blind, crossover, and
placebo-controlled clinical trials with large samples from multiple centers are
required to identify the effect and concentration of TPs in even more diseases. The
route of injection may affect bioavailability. A novel study examined transdermal
EGCG[280] and additional studies are required to identify the efficacy and risk. The
interaction of TPs and other foods and lifestyle on CRC should be discussed more
deeply in the future. Although MPE studies have made great progress on CRC, there
is still a lack of relative investigations between different subtypes of CRC and
different kinds of TPs. MPE can satisfy the requirement of precision medicine and
provide a novel direction for further research. It will be helpful to prevent and treat
CRC using TPs by gaining more precise information for clinical application. Overall,
TPs, as newly applied biological agents, still have many unknown fields that are
waiting to be explored. Not only animal studies but also epidemiological studies will
be indispensable.
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Abstract
BACKGROUND
The prognosis of gastric cancer continues to remain poor, and epigenetic drugs
like histone deacetylase inhibitors (HDACi) have been envisaged as potential
therapeutic agents. Nevertheless, clinical trials are facing issues with toxicity and
efficacy against solid tumors, which may be partly due to the lack of patient
stratification for effective treatments.
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To study the need of patient stratification before HDACi treatment, and the
efficacy of pre-treatment of HDACi as a chemotherapeutic drug sensitizer.
METHODS
The expression activity of class 1 HDACs and histone acetylation was examined
in human gastric cancer cells and tissues. The potential combinatorial regime of
HDACi and chemotherapy drugs was defined on the basis of observed drug
binding assays, chromatin remodeling and cell death.
RESULTS
In the present study, the data suggest that the differential increase in HDAC
activity and the expression of class 1 HDACs are associated with hypoacetylation of histone proteins in tumors compared to normal adjacent mucosa
tissue samples of gastric cancer. The data highlights for the first time that pretreatment of HDACi results in an increased amount of DNA-bound drugs
associated with enhanced histone acetylation, chromatin relaxation and cell cycle
arrest. Fraction-affected plots and combination index-based analysis show that
pre-HDACi chemo drug combinatorial regimes, including valproic acid with
cisplatin or oxaliplatin and trichostatin A with epirubicin, exhibit synergism with
maximum cytotoxic potential due to higher cell death at low combined doses in
gastric cancer cell lines.
CONCLUSION
Expression or activity of class 1 HDACs among gastric cancer patients present an
effective approach for patient stratification. Furthermore, HDACi therapy in pretreatment regimes is more effective with chemotherapy drugs, and may aid in
predicting individual patient prognosis.
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Core tip: Our study suggests that pre-treatment with histone deacetylase inhibitors
(HDACi) in a pre-clinical model of gastric cancer increases acetylation, opens chromatin
and favors synergistic binding of DNA-interacting chemotherapeutic drugs. This
enhances the cytotoxic potential of chemotherapeutic drugs at low therapeutic doses, and
reduces toxicity. The dose response studies using Fa plots and median curve analysis
proposes valproic acid as the most synergistic and effective HDACi in combination with
platinum-based drugs. Furthermore, HDAC expression, or activity-based patient
stratification prior to HDACi therapy, has been put forth for better clinical outcomes of
chemotherapeutic drugs in solid tumors.
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INTRODUCTION
Gastric cancer (GC) is the 3rd leading cause of cancer deaths, 5th in terms of incidence
in the world, and the most lethal cancer in Asia[1]. In India, it is one of the most
aggressive cancers, ranking 5th in terms of incidence and mortality. The management
of GC is multimodal, including surgical R0 resection, radiotherapy and
chemotherapy. Based on multiple clinical trials, commonly used drug combinations
for neoadjuvant and adjuvant chemotherapy (NACT and ACT) in GC involves drugs
such as cisplatin, oxaliplatin and epirubicin, which exert their cytotoxic effects by
binding to DNA [2,3] . Earlier reports have shown that inhibitors of chromatin
remodelers, such as valproic acid and butyric acid, increase the efficacy of
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chemotherapeutic drugs[4-6].
Post-translational modifications of histone proteins are one of the major epigenetic
mechanisms regulating chromatin conformations[7]. Acetylation of histones has been
the most studied, and has been shown to positively correlate with chromatin
relaxation. The dynamic equilibrium between histone acetyltransferases (HATs) and
histone deacetylases (HDACs) dictates the acetylation levels and transcriptional status
of chromatin[8]. Alterations in the levels of several histone acetylation marks such as
H3K12ac, H3K18ac, H3K9ac and H4K16ac have been reported in multiple cancers,
such as liver, kidney, prostate, breast and stomach[9]. Moreover, aberrant expression of
HATs like CBP and p300, and HDACs like HDAC1 and HDAC2, has been observed
in several malignancies [9] . These findings have led to the exponential growth in
research on HAT inhibitors (HATi) and HDAC inhibitors (HDACi), and their anticancer properties. HATi, like E-7438 and EPZ-5676, are in phase II and phase I clinical
trials, respectively; also, sodium butyrate is in phase II, and panobinostat and valproic
acid (VPA) are in phase III clinical trials. Additionally, HDACi, like vorinostat
(SAHA) and romidepsin, is now FDA approved for cancer treatment[10]. Importantly,
studies have shown that HDACi can modulate cellular responses through different
mechanisms, such as re-expression of tumor suppressors, transporters of
chemotherapeutic drugs [11] , enzymes associated with drug metabolism [12] , and
enhancing the levels of open chromatin[13]. HDACis have shown to have potential
therapeutic benefits, predominantly in advanced hematologic malignancies, more so
as combinatorial chemotherapy than as single agents; however, clinical responses are
disappointing in solid tumors[14,15]. Marchio et al[16]’s study suggested the use of HDACi
(SAHA) as a chemo-sensitizer that increases the efficiency of epirubicin in breast
cancer. To overcome the limitation of HDACi in solid tumors, the identification of
synergistic combinations of selective HDACi with other chemotherapeutic drugs,
along with patient stratification based on HDAC levels, is a must and would help to
both minimize toxicity and predict the response to treatment.
In the present study, we show a strong association between global histone hypoacetylation with increased HDAC activity in human GC tissue samples and cell lines.
Differential activity and expression levels of class 1 HDACs in patient samples and
TCGA data highlight the importance of patient stratification for treatment with
HDACi. Interestingly, the pre-treatment regime of HDACi followed by
chemotherapeutic drugs exerts synergistic effects in GC cells and pre-clinical studies.

MATERIALS AND METHODS
Patient and tissue samples
Paired frozen tissue samples from normal adjacent gastric mucosa (negative resection
margin) and tumors were collected from GC patients through the tumor tissue
repository of ACTREC and the Tata Memorial Hospital, Mumbai, India. The protocol
was reviewed and approved by the institutional review board and ethics committee.
Written informed consent was undertaken from all patients. Based on
histopathological analysis by a blinded pathologist, the tumor content was found to
be > 60% in all tumor samples.

Cell lines and culture conditions
The AGS GC cell line (CRL 1739) was procured from ATCC, and the HFE145 cell line
was provided by DTS and AH. The cell lines were cultured in RPMI1640 (Invitrogen)
media with 10% fetal bovine serum and maintained at 37 ºC with 5% CO2 and 100
U/mL penicillin, 100 mg/mL streptomycin (Himedia).

Histone deacetylase inhibitors and chemotherapeutic drugs
HDACi, sodium valproate (VPA; Sigma, P4543), trichostatin A (TSA; Sigma, T8552)
and suberoylanilide hydroxamic acid (SAHA; Sigma, SML0061) were dissolved in
ethanol to prepare stock solutions. The chemotherapeutic drugs cisplatin
(Calbiochem, 232120), oxaliplatin (Sigma, O9512) and epirubicin (Calbiochem, 324905)
were dissolved in DMSO to prepare stock solutions. As per the experimental
requirements, cells were treated with different concentrations of HDACi and
chemotherapeutic drugs.

Cell viability assay
Cell viability was quantified by MTT assay (Sigma, M2128) as per the manufacturer’s
protocol. AGS cells (about 1000) were used for the assay, the absorbance was
measured at 570 nm, and cell viability was expressed as the percentage of absorbance
obtained compared to control cultures.
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Analysis of histone post-translational modifications
Histones were extracted, resolved on an 18% SDS-PAGE gel and transferred to a
PVDF membrane[17]. Western blotting with the respective antibodies was carried out
as per the manufacturer’s protocol (H3, Millipore #05-499; H4, Millipore #07-108;
H3K9ac, Millipore #06-599; H3K18ac, Millipore #07-354; H3K27ac, Abcam #4729;
H3K16ac, Millipore #07-329; γH2AX, Millipore #05-636; H3ac, Millipore #06-599;
H4ac, Millipore #06-866). The signal was visualized using the ECL plus
chemiluminescence kit (Millipore #WBKLS0500).

Histone acetyl-transferase and histone deacetylase assays
Nucleo-cytosolic fractions (NCF) from human GC tissues and cell lines were prepared
as per the manufacturer’s instructions (Biovision, K332-100 and K331-100). Protein
lysates, cell lines (50 µg) and tissues (100 µg) were used for calorimetric-based assays.
The absorbance was measured at A440 and A405 for HAT and HDAC, respectively,
and the average absorbance was plotted.

Drug-DNA interaction assay
AGS cells treated with chemotherapeutic drugs with or without different
combinations of HDAC inhibitors were washed in chilled PBS and lysed in nuclei
isolation buffer (10 mmol/L HEPES pH 7.9, 1.5 mmol/L MgCl2, 10 mmol/L KCl, 0.5
mmol/L DTT, 0.1% v/v NP-40, 2 mmol/L EDTA, 1 mmol/L EGTA, 0.15 mmol/L
spermine, 0.5 mmol/L spermidine, 1 mmol/L sodium orthovanadate, 10 mmol/L
sodium fluoride, 10 mmol/L β-Glycerophosphate, 0.2 mmol/L PMSF). The lysate was
centrifuged at 5000 rpm for 10 min at 4 ºC. The nuclear pellet obtained was lysed in
200 µL 5 mol/L urea-2 mol/L NaCl solution to estimate the DNA concentration at 260
nm. DNA concentration was adjusted to 1 µg/mL, and an equal volume was taken to
measure the concentration of DNA-bound cisplatin, oxaliplatin and epirubicin at 220,
205 and 254 nm, respectively, as per European Pharmacopoiea 5.5[18]. The absorbance
was considered to be directly proportional to the amount of DNA bound to drug. The
mean absorbance of three independent experiments was plotted for the
chemotherapeutic drugs.

Fraction-affected curve analysis
Fraction-affected (FA) curves, a method for growth inhibition analysis, was carried
out with cell survival percentage values obtained through three independent MTT
assays. Fraction-affected values representing the percentages of cell death were
calculated using the following formula:
FA value = 1—(% cell survival/100). FA values ranged from 0.01 to 0.99);
CompuSyn software was used to further assist in these calculations, which is based on
the Chao Tally’s algorithm[19]. FA values and respective doses of the drugs were used
to generate FA curves.

Median effect plot analysis
The median effect plot shows the combination index (CI) on the Y-axis and FA values
on the X-axis. For a particular FA value, CI values range from 0 to 1; CI < 0.8, CI = 0.81.2, and CI > 1.2 represents the synergistic, additive or antagonistic nature of drug
combinations, respectively. FA values and total doses of drug combinations
(chemotherapeutic drugs and HDACi) were used to generate median effect plots with
the help of CompuSyn software[19].

Chromatin organization assay
Purified nuclei from control and VPA-treated AGS cells were subjected to micrococcal
nuclease (MNase) digestion to analyze chromatin organization as per the published
protocol[20].

Expression of HDACs in GC cell lines
RNA was extracted by TRIzol method (Invitrogen, 5596026), and cDNA was
synthesized as per the manufacture’s protocol (Thermo scientific, K1632).
Quantitative PCR using SYBER green (Agilent Tech, 600882) was employed, and the
primers used are listed in Table 1. Data analysis was performed using ΔΔCt-based
calculations, and fold changes were plotted for the different HDAC genes. The data
were statistically analyzed by performing student t-tests.

Cell cycle analysis
Different phases of the cell cycle were determined by flow cytometry as previously
described in[20]. The data were analyzed using ModFit LN 2.0 software.

In vivo therapeutic potential of drug treatments in a tumor model
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Table 1 List of primers used for carrying out real-time PCR on different genes
Gene

Forward primer, 5`-3`

Reverse primer, 5`-3`

RPS13

GCTCTCCTTTCGTTGCCTGA

ACTTCAACCAAGTGGGGACG

HDAC1

ATATCGTCTTGGCCATCCTG

TGAAGCAACCTAACCGATCC

HDAC2

GGGAATACTTTCCTGGCACA

ACGGATTGTGTAGCCACCTC

HDAC3

TGGCATTGACCCATAGCCTG

GCATATTGGTGGGGCTGACT

HDAC4

TCGCTACTGGTACGGGAAAAC

AGAGGGAAGTCATCTTTGGCG

HDAC5

ACTGTTCTCAGATGCCCAGC

TGGTGAAGAGGTGCTTGACG

HDAC6

AGTGGCCGCATTATCCTTATCC

ATCTGCGATGGACTTGGATGG

HDAC7

TTCCTGAGTGCAGGGGTAGT

CATCGCCAGGAGGTTGATGT

HDAC8

ATAACCTTGCCAACACGGCT

CTTGGCGTGATTTCCAGCAC

HDAC9

ACTGAAGCAACCAGGCAGTC

TTCACAGCCCCAACTTGTCC

HDAC10

CTGGCCTTTGAGGGGCAAAT

CAGCAGCGTCTGTACTGTCA

HDAC11

CCGGAAAATGGGGCAAAGTG

TAAGATAGCGCCTCGTGTGC

p27-CDKN1B

TTGGGGCAAAAATCCGAGGT

TGTGTTTACACAGCCCGAAGT

p21-CDKN1A

GCGACTGTGATGCGCTAATG

GAAGGTAGAGCTTGGGCAGG

p16-CDKN2A

ACTTCAGGGGTGCCACATTC

CGACCCTGTCCCTCAAATCC

To study the in vivo therapeutic potential of a pre-treatment regime of VPA and
cisplatin in an AGS cell-based xenograft model was developed after approval from
the institutional animal ethics committee. AGS cells (approximately 5 × 106) were
subcutaneously injected with matrigel (50 μL) in NOD-SCID mice (4-6 wk). After one
round of serial transplantation, the mice bearing tumors of approximately 6-10 mm
maximum length were randomly divided into four groups: (1) Control; (2) VPA (300
mg/kg/d); (3) Cisplatin (2 mg/kg/d); and (4) Combinatorial pre-treatment group
(VPA followed by cisplatin, with doses as mentioned above). Drugs or saline (control
group) were administered intraperitoneally twice a week at an interval of 2 d for 6
wk. For the combinatorial regime, cisplatin was administered following 24 h of VPA
treatment.
Tumor size and weight was monitored once a week by measuring two
perpendicular tumor diameters with a caliper, and volume was calculated as V = π /
6 × length × width2. The outcome of the different treatment regimens was statistically
validated by performing unpaired t-tests. The animals were sacrificed, tissue was
fixed in formalin, and 4-6 μm sections were processed with hematoxylin and eosin
staining for histopathological analysis.

In silico analysis of TCGA data for class1 HDACs in GC patients
Normalized human gastric adenocarcinoma (n = 415) data (Z-score, cutoff > 1.5) of
HDAC1, HDAC2, HDAC3 were downloaded from the cBioPortal website
(http://www.cbioportal.org/)[21,22]. The samples were categorized into high and low
expression groups according to the Z-score, and then tabulated.

RESULTS
Hypo-acetylation associates with high histone deacetylase activity in GC patient
samples
Histones were prepared from paired tumor and negative resection margin (RM)
tissues, and subjected to immunoblot analysis to assess the level of acetylation using
anti-acetyl lysine antibodies [Figure 1A(a)]. Immunoblot analysis showed low levels
of histone H3 and H4 acetylation in the tumor tissues compared to RM tissues. This
observed loss in acetylation levels of histone H3 and H4 could be the result of low
histone acetyl-transferase (HAT) or high histone deacetylase (HDAC) activity in
tumor tissues. Therefore, NCF was used to assess HAT and HDAC activity using
calorimetric assays. Tumor and RM tissues showed differential levels of HAT and
HDAC activity; however, all the tumor tissues showed high HDAC activity compared
to their paired RM tissues, but HAT activity did not show any consistent pattern (Supplementary Figure 1). Further, statistical analysis showed a significantly higher level
of HDAC activity in tumor compared to negative RM (P < 0.001) [Figure 1A(b)];
however, no significant difference was found in HAT activity. Taken together, our
data suggested an inverse correlation between HDAC activity and histone acetylation
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in GC.
The major reasons for HDACi failure in solid tumors may be attributed to
expression or activity heterogeneity in class 1 HDACs of patients. To understand the
need of patient stratification for HDACi therapy, we analyzed HDAC activity and
found that it significantly differs among GC patients (Figure 1B). TCGA was analyzed
for the expression of class 1 HDAC viz HDAC1, HDAC2 and HDAC3 in gastric
adenocarcinoma patients (n = 415) versus control (n = 35), and categorized into high
and low expression groups according to the Z-score. HDAC1, HDAC2 and HDAC3
were upregulated in only approximately 24% of gastric adenocarcinoma patients
(Figure 1C). Further, in coherence with activity, expression levels also showed
differentially increased levels of HDAC 1 and 3 compared to normal gastric tissue
(Figure 1D). Altogether, these data provide evidence for patient stratification, and for
tailoring the dose of HDACi for (re)sensitizing tumors to the anti-proliferative effects
of chemotherapeutic drugs at reduced doses with minimal side effects.

Pre-treatment with HDACi enhances binding of chemotherapeutic drugs to
chromatin
It has been hypothesized that HDACi mediates chromatin relaxation, which may
enhance the amount of chemotherapeutic drugs bound to DNA. To understand this,
histone acetylation and class 1 HDAC levels were determined in AGS and HFE145 cell
lines. A decrease in site-specific histone acetylation at H3K9ac, H3K18ac, H3K27ac
was observed [Figure 2A(a)], along with increased HDAC activity [Figure 2A(b)] and
levels of class 1 HDACs 1, 2 and other HDACs 8, 10, 11 [Figure 2A(c)] in transformed
AGS cells. The AGS cell line reflects the human gastric tumor state, and was therefore
used for further studies. Dose response curves for chemotherapy drugs and HDACi
showed IC50s of 12 µmol/L, 10 µmol/L and 0.2 µmol/L for cisplatin, oxaliplatin and
epirubicin, respectively (Supplementary Figure 2A), whereas for HDACi, the IC50
concentrations of VPA, TSA and SAHA were found to be 4 mmol/L, 2 µmol/L and
0.01 µmol/L, respectively (Supplementary Figure 2B). Further, we confirmed HDACi
activity by treating AGS cells with IC50 doses for 24 h, and assessing HDAC activity
and histone acetylation levels. A decrease in HDAC activity (Supplementary Figure
2C) with hyperacetylation of histones H3 and H4 (Supplementary Figure 2D) were
observed upon HDACi treatment. Taken together, our data confirm that the HDACi
used in our study is functionally active, and alters both HDAC activity and histone
acetylation.
AGS cells treated with HDACi and chemotherapeutic drugs at IC50 values in three
different combinations (Figure 2B): (1) Pre- (24 h HDACi treatment followed by 24 h
chemotherapeutic drug treatment); (2) Concurrent (24 h HDACi and chemotherapeutic drug together); and (3) Post- (24 h chemotherapeutic drug treatment
followed by 24 h HDACi treatment) showed that the quantity of DNA-bound
chemotherapeutic drugs significantly increased with pre- followed by concurrent
regimes. However, post-treatment did not show any significant increase compared to
control for all three HDACis (Figure 2C).

HDACi-dependent sensitization of GC cells decreases the dose of chemotherapeutic drugs to attain maximum efficacy
The effect of regime-specific combinatorial treatment of HDACi and
chemotherapeutic drugs on cell death was studied using FA plot analysis (Figure 3)[23].
MTT assays were performed using a fixed constant ratio of chemotherapeutic drugs,
and in three different combination regimes: Concurrent, pre- and post- (Supplementary Table 1). The data showed that pre-treatment with the three HDACis led to more
cell death compared to concurrent or post-treatment in combination with cisplatin
(Figure 3A), oxaliplatin (Figure 3B) and epirubicin (Figure 3C). Further, the combined
doses of chemotherapeutic drugs and HDACi required to achieve FA values of 0.5,
0.75 and 0.95 was analyzed (Table 2). The pre-treatment regime of VPA with cisplatin
required lesser combined doses to achieve FA 0.5, 0.75 and 0.95 compared to both
concurrent and post-treatment regimes. However, pre-treatment of TSA or SAHA
with cisplatin could only attain FA values of 0.5 and 0.75 at a lower combined dose
than concurrent or post-treatment combinations. In the case of oxaliplatin, pretreatment with only VPA attained FA values of 0.5, 0.75 and 0.95; whereas, TSA and
SAHA achieved only FA values of 0.5 at lower combined doses than the concurrent or
post-treatment regimes. In the case of epirubicin, pre-treatment with TSA was found
to be most effective, achieving FA values of 0.5 and 0.75 at lesser doses, followed by
SAHA. Overall, cell death by cisplatin and oxaliplatin is effectively enhanced with
VPA, and epirubicin with TSA, in the pre-treatment combination regimes.

Synergistic interactions of combinatorial HDACi and chemotherapeutic drug
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Figure 1 Hypo-acetylation in gastric cancer patient samples is associated with low histone deacetylase activity and transcripts. A: (a) Immunoblot analysis
for the comparison of pan-acetyl levels of histone H3 and H4 between paired (n = 5) negative resection margins (RMs) and tumor (T) tissues, and (b) Nucleo-cytosolic
fractions were used to compare histone deacetylase (HDAC) and histone acetyltransferase (HAT) levels in paired negative resection margins and tumor tissues using
calorimetric assays; B: Differential HDAC activity amongst patients was studied calorimetrically; C: Analysis of The Cancer Genome Atlas data for class 1 HDAC
transcript levels in gastric adenocarcinoma patients; D: Expression of Class I HDAC viz HDAC1, HDAC2 and HDAC3 in gastric cancer tumors compared to normal
tissue (aP < 0.05; bP < 0.009; eP < 0.0009). GC: Gastric cancer; HDAC: Histone deacetylase; HAT: Histone acetyltransferase; HDAC1: Histone deacetylase 1;
HDAC2: Histone deacetylase 2; HDAC3: Histone deacetylase 3; RM: Resection margin; T: Tumor tissues.

treatments depend on regime
In order to assess which combination regimes of chemotherapeutic drugs and HDACi
have a synergistic effect, median effect plot was generated using the combined doses
of drugs and FA values. The data were quantitatively analyzed using CI at FA levels
of 0.5, 0.75 and 0.95 (Figure 4 and Table 2). At an FA value of 0.5, concurrent and precombination regimes of VPA with cisplatin or oxaliplatin, pre-combination of TSA or
SAHA with cisplatin, and pre-combination of TSA and epirubicin showed synergistic
effects, whereas all other combination regimes showed antagonistic effects. In
continuation, at an FA value of 0.75, pre-treatment and concurrent combination
regimes of VPA or TSA with cisplatin or oxaliplatin showed synergistic effects;
however, all other combinations showed additive or antagonistic effects. Further, at
an FA level of 0.95, only pre-combination of VPA with cisplatin or oxaliplatin showed
synergistic effects; however, all other combinations showed antagonistic effects. In
conclusion, post-treatment with VPA, TSA or SAHA did not have any synergistic
effect when combined with cisplatin, oxaliplatin or epirubicin. VPA was found to
have a more synergistic effect in the pre-treatment combination regime with cisplatin
and oxaliplatin.

VPA followed by cisplatin leads to induction of histone acetylation and chromatin
re-organization, favoring higher drug binding that leads to cell death
The synergistic effect of the pre-treatment combination regime on DNA damage,
histone acetylation and cell cycle was investigated following treatment of AGS cells
with IC25 doses of VPA and cisplatin either alone or in combination. MNase assays
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Figure 2 Pre-treatment regime with histone deacetylase inhibitor maximally enhances binding of chemotherapeutic drugs to chromatin. A: (a) Immunoblot
analysis for the comparison of site-specific histone acetylation levels between gastric cancer (GC) cell lines, transformed AGS and untransformed HFE145; (b)
Nucleo-cytosolic fractions were used to compare HDAC levels in GC cell lines using calorimetric assays; and (c) Real time PCR data of Class I to Class IV HDAC
levels in the AGS cell line compared to HFE145 (aP < 0.05; bP < 0.009, cP < 0.0009, dP < 0.0001); B: Schematic representation of three different combination regimes:
(a) concurrent [histone deacetylase inhibitor (HDACi) + Drug], (b) pre- (HDACi Drug) and (c) post- (Drug HDACi); C: AGS cells were treated with chemotherapeutic
drugs and HDACi at their inhibitory concentration (IC)50 concentration for 24 h in three different combinations as mentioned above. Experiment was performed in
triplicate, absorbance was taken, normalized with blank, and mean absorbance was incorporated into a bar graph. HDACi: Histone deacetylase inhibitor; HDAC:
Histone deacetylase; Drug: Chemotherapy drugs; VPA: Valproic acid; SAHA: Suberoylanilide hydroxamic acid; TSA: Trichostatin A; IC: Inhibitory concentration.

after VPA treatment suggested an increased intensity of mono- and di-nucleosomes,
with a decrease in high molecular weight DNA, indicating chromatin relaxation in
VPA-treated cells compared to control (Figure 5A). In coherence, levels of H3Kac and
H4K16ac increase after VPA treatment (Figure 5B). H4K16ac is reported to prevent
higher order chromatin organization, and therefore its increase indicated open
chromatin[24]. The increased acetylation and relaxation of chromatin further correlated
with an increased level of γH2AX after combinatorial treatment compared to VPA
and cisplatin alone (Figure 5B). Interestingly, H4K16ac decreased after cisplatin
treatment alone, indicating the compaction of chromatin. This was likely an outcome
of G2/M arrest post-cisplatin treatment, which may lead to poor drug binding to
chromatin. VPA treatment, on the other hand, arrests the cells in G1 phase, leading to
an open chromatin conformation to enhance drug binding (Figure 5C).
Gatekeeper tumor suppressor genes are known to be repressed in GC by an
HDAC-mediated mechanism[25,26]. Levels of tumor suppressors were assessed after
IC25 and IC50 treatment of VPA for 24 h. A two-fold increase in p16, p21 and p27 was
observed, suggesting the involvement of tumor suppressor-mediated cell cycle arrest,
and the observed effects of cell death (Figure 5D). Taken together, results indicate that
the pre-treatment regime of VPA opens chromatin, increases the expression of tumor
suppressor genes, and enhances cisplatin binding to chromatin, ultimately leading to
more cell death.
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Table 2 Regime-specific synergistic, additive or antagonistic effects of chemotherapeutic drugs and histone deacetylase inhibitors

Drugs
Cisplatin and VPA

Treatment sequence and result of FA and median effect plot FA
analysis
0.5

0.75

0.95

Pre

Concurrent

Post

Oxaliplatin and VPA

Pre

Concurrent

Post

Epirubicin and TSA

Pre

Concurrent

Post

Dose of Cis, VPA (µmol/L)

0.965, 386.359

2.711, 1084.65

15.361, 6144.61

CI

0.352

0.471

0.784

Dose of Cis, VPA (µmol/L)

0.705, 282.387

3.874, 1549.74

67.690, 27076.0

CI

0.257

0.673

3.454

Dose of Cis, VPA (µmol/L)

3.254 ,1301.90

9.362, 3745.16

55.260, 22104.1

CI

1.188

1.627

2.820

Dose of Oxa, VPA (µmol/L)

0.788, 394.469

2.094, 1047.04

10.796, 5398.39

CI

0.404

0.453

0.552

Dose of Oxa, VPA (µmol/L)

1.533, 766.633

4.305, 2152.92

24.406, 12203.2

CI

0.786

0.933

1.249

Dose of Oxa, VPA (µmol/L)

2.362, 1181.47

8.451, 4225.64

71.917, 35958.6

CI

1.211

1.83182

3.68265

Combined dose (µg)

0.030, 0.300

0.093, 0.931

0.623, 6.231

CI

0.645

0.727

1.222

Combined dose (µg)

0.129, 1.299

0.410, 4.105

2.835, 28.356

CI

2.789

3.207

5.563

Combined dose (µg)

0.137, 1.375

0.301, 3.010

1.122, 11.220

CI

2.952

2.351

2.201

FA: Fraction affected; Pre: Pre-treatment; Post: Post-treatment; TSA: Trichostatin A; Cis: Cisplatin; VPA: Valproic acid; Oxa: Oxaliplatin; CI: Combination
index. Dose at Fa-0.5 for VPA- 1827.79, TSA-1.50, Cisplatin-6.84, Oxaliplatin-4.18 and Epirubicin- 0.07; Dose at Fa-0.75 for VPA- 4165.97, TSA-2.61,
Cisplatin-12.85, Oxaliplatin-10.33 and Epirubicin- 0.25; Dose at Fa 0.95 for VPA- 16628.5, TSA-6.56, Cisplatin-37.06, Oxaliplatin-47.30, and Epirubicin- 2.29.

Monitoring of tumor growth and drug efficacy in GC xenografts
The pre-treatment regime of HDACi, VPA alone or combined with cisplatin was
further explored in vivo with a xenograft tumor model using AGS cells (Figure 6A and
B). After 3 wk of treatment, a change in tumor volume was observed in VPA,
cisplatin, and VPA followed by cisplatin-treated groups. In vivo, cisplatin and VPA
alone showed a similar decrease in tumor volume, however a 3X decrease in tumor
volume was observed in the combinatorial treatment group at the end of 5 wk (Figure
6C). Thus, the pre-treatment regime showed a synergistic anticancer effect in the
xenograft tumor model. Drug toxicity, as assessed by a decrease in weight, was
minimal, with a 15% weight loss in the combination group, indicating better drug
tolerance (Figure 6D). Histopathological examination of different tumor tissues
showed decreased levels of viable cells (20%-55%) in the case of the combinatorial
treatment group compared to the control group (70%-90%). Interestingly, infiltration
of inflammatory cells was also observed in the combination group. Also, a greater
number of mitotic cells was observed in cisplatin alone and the combinatorial group.
Moreover, pleomorphic, hyperchromatic nuclei were observed in the combinatorialtreated group compared to control, suggesting chromatin-associated alterations after
drug treatments (Figure 6E). The preclinical study warrants use of the pre-treatment
regime in clinical trials for better HDACi therapy success in solid tumors.

DISCUSSION
Histone acetylation has a significant effect in modulating chromatin architecture and
transcription[8]. Thus, acetylation marks and their modifiers have been studied in
cancer for their diagnostic, prognostic and therapeutic potential [9] . The clinical
application of HDACi has been disappointing in solid tumors, and the major factor
for failure in diverse clinical trials is the concurrent treatment regime, limited
combination chemotherapeutic studies, and no patient stratification.
Our data suggest that sensitizing GC cells or in vivo xenografts containing increased
levels of Class 1 HDACs with pre-HDACi treatment results in histone hyperacetylation and relaxed chromatin organization. Increased accessibility of chromatin
to DNA-interacting drugs induces DNA damage and cell death. Increases in cell death
upon combination of two or more drugs do not form the basis of pre-clinical or
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Figure 3 Histone deacetylase inhibitor-dependent sensitization of gastric cancer cells decreases the dose of chemotherapeutic drugs to attain maximum
efficacy. AGS cells were treated with chemotherapeutic drugs (cisplatin, oxaliplatin and epirubicin) and histone deacetylase (HDAC) inhibitors [valproic acid (VPA),
trichostatin A (TSA) and suberoylanilide hydroxamic acid (SAHA)] for 24 h each in three different combinations: (i) concurrent (HDACi + Drug), (ii) pre- (HDACi Drug)
and (iii) post- (Drug HDACi) at the combined dose (as mentioned in Supplementary Table 1), and : 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
assays were performed. Fraction-affected dose response curve of A: Cisplatin; B: Oxaliplatin; and C: Epirubicin in different combinations with VPA, TSA or SAHA.
TSA: Trichostatin A; VPA: Valproic acid; SAHA: Suberoylanilide hydroxamic acid.

clinical studies until the combination shows synergistic effects. All pre-treatment
combinations of HDACi and chemotherapeutic drugs showed higher percentages of
cell death at low combined doses; however, only VPA with oxaliplatin or cisplatin
was found to be best, due to their synergistic effects across FA values from 0.5 to 0.95.
Thus, in pre-clinical and clinical settings, the pre-treatment approach with HDACi
would allow for a low dosage of chemotherapeutic drugs with similar dose-related
cell toxicities. Earlier, Mutze et al[27] showed the importance of HDACi-SAHA pretreatment to sensitize GC cell lines. The synergistic effect was further recapitulated in
a pre-clinical in vivo model, wherein a decrease in tumor volume was observed in the
pre-treatment group with low toxicity compared to the cisplatin only and VPA
groups. Body weight in the VPA-treated group was not altered compared to the
VPA/cisplatin-treated group. This suggests that VPA alone as a sensitizer has no
appreciable side effects in the pre-clinical study. Earlier studies have shown that
thioredoxin (Trx) levels play an important role in determining HDACi-induced cell
death in cancer cells[28]. Normal cells have relatively higher levels of Trx, and therefore
could account, in part, for the low toxicity observed in the pre-clinical protocol.
Moreover, the cells are arrested in the G1 phase as opposed to the G2/M phase in the
case of cisplatin treatment; the G1 phase with more open chromatin thus favors
enhanced cisplatin binding and more cell death as suggested by increased γH2AX
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Figure 4

Figure 4 Median effect plot analysis for drug combinations (chemotherapeutic drugs and histone deacetylase inhibitors) as synergistic, additive or
antagonistic. AGS cells were treated with chemotherapeutic drugs (cisplatin, oxaliplatin and epirubicin) and histone deacetylase inhibitors (HDACi) [valproic acid
(VPA), trichostatin A (TSA) and suberoylanilide hydroxamic acid (SAHA)] for 24 h each in three different combinations - concurrent (HDACi + Drug), pre- (HDACi
Drug) and post- (Drug HDACi) at the combined dose (as mentioned in Supplementary Table 1), and : 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
assays were performed. Median effect plot shows the combination index (CI) on the Y-axis and fraction-affected values on the X-axis; A: Cisplatin; B: Oxaliplatin; and
C: Epirubicin in different combinations with VPA (left panel), TSA (middle panel) and SAHA (right panel). For a particular fraction affected value, the combination index
values range from 0 to 1; CI < 0.8, CI = 0.8-1.2, and CI > 1.2 represents the synergistic, additive or antagonistic nature of drug combinations, respectively. GC: Gastric
cancer; HDACi: Histone deacetylase inhibitor; HDAC: Histone deacetylase; Drug: Chemotherapy drugs; VPA: Valproic acid; SAHA: Suberanilohydroxamic acid; TSA:
Trichostatin A; MTT: 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; CI: Combination index.

levels. A recent phase II study in GC with vorinostat as a first-line therapy with
capecitabine and cisplatin did not meet its expected outcome [29] . In this study,
vorinostat was administered concurrent with chemotherapeutic drugs, suggesting
vorinostat had insufficient time to enforce a chromatin modulatory effect, leading to
weak drug binding. The prerequisite for changing chromatin organization by HDACi
in the case of multiple solid tumors is strengthened by phase I clinical trials with VPA
and the topoisomerase II inhibitor epirubicin[30]. In this study, a 48 h pre-exposure of
VPA was found to be essential to obtain synergistic outcomes with epirubicin. The
pre-treatment combinatorial chemotherapy approach could achieve a positive
outcome with acceptable toxicities in heavily treated and previously anthracyclineresistant tumors.
Decades of research involving HDACi and chemotherapeutic drugs have failed to
take into account the HDAC levels or activity status of patients, resulting in
inappropriate HDACi dose administration. The Neck-V-CHANCE trial will be the
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Figure 5

Figure 5 Pretreatment regime is associated with chromatin relaxation, enhanced DNA damage and re-expression of tumor suppressors. A: Chromatin
organization in the AGS cell line by micrococcal nuclease (MNase) assays with time-dependent kinetics was studied following 24 h treatment with valproic acid (VPA)
(2 mmol/L). AGS cells were treated with an inhibitory concentration (IC)25 concentration of cisplatin and VPA alone or in combination for 24 h, and the following
parameters were analyzed: B: Histone post-translational modifications; C: Cell cycle profile and morphology; and D: Effect of VPA on re-expression of tumor
suppressors was studied by treating AGS cells with the IC25 and IC50 concentrations of VPA for 24 h, followed by real time PCR for the p16, p21 and p27 genes (aP
< 0.02; bP < 0.0009; cP < 0.0001). MNase: Micrococcal nuclease; HDACi: Histone deacetylase inhibitor; PTMs: Post-translational modifications; VPA: Valproic acid;
IC: Inhibitory concentration; PCR: Polymerase chain reaction.

first clinical trial to test the efficacy of HDACi pre-treatment. In this ongoing head and
neck cancer trial, valproic acid will be administered 2 wk prior to the administration
of cisplatin and cetuximab. However, this trial also does not stratify patients based on
HDAC levels[31]. Our HDAC activity correlative data linking HDAC expression with
histone acetylation, and the presence of heterogeneous HDAC activity and transcript
levels in patients, provides sufficient evidence for categorizing the patients for
HDACi therapy. Weichert et al[32] showed that approximately 71% (209/293) of GC
patients are positive for the expression of either all three or one of the three class 1
HDAC isoforms. Also, Mutze et al[27] highlights that high expression of HDAC1/2 in
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Figure 6

Figure 6 Valproic sensitizes AGS cell xenografts to cisplatin in an in vivo mice model. A: Schematic diagram depicting timeline of in vivo drug administration.
AGS cells were injected into NOD-SCID mice. After tumors reached approximately 100 mm3; B: Mice were divided into four groups (n = 3), (1) control, (2) valproic acid
(300 mg/kg/d), (3) cisplatin (2 mg/kg/d), and (4) combinatorial treatment of valproic acid followed by cisplatin at the same dose mentioned above; C: Average tumor
volumes of groups normalized to the initial tumor volumes (before treatment) are plotted over a period of 5 wk of drug treatment. The outcome of the different
treatment regimens was statistically validated by performing unpaired t-tests (aP < 0.05; bP < 0.005); D: Mean weight of animals in a group measured over the
treatment period to assess toxicity; E: Histopathology of tumor sections by hematoxylin and eosin staining of different groups following 5 wk of treatment. VPA:
Valproic acid.

GC does not relate to response and overall survival. The latest publication by Jiang et
al[33] showed an association between high HDAC1 (60% patients) with larger tumor
size, tumor grade, lymph node metastasis and lymphovascular invasion, making it an
independent prognostic factor for GC. Our in silico TCGA data analysis suggests that
24% of GC patients have higher expression levels of class 1 HDACs. This explains the
need for prior assessment of class 1 HDAC levels HDACi therapy patient
stratification. This will also assist in defining the dose of HDACi in pre-treatment
regimes with DNA-interacting chemotherapeutic drugs for better therapeutic
potential.
In conclusion, our results establish a strong rationale for exploring pre-treatment
regimes in stratified patients groups with HDACi in clinical trials. The proposed
mechanism is through the attainment of open chromatin architecture, and the
accumulation of activating histone marks for enhanced binding of DNA-interacting
chemotherapeutic drugs (graphical abstract, Figure 7). This worthwhile strategy may
become more successful in overcoming the limitations of epi-drugs in solid tumor
treatment, and may increase therapeutic outcomes with minimal chemotherapeutic
toxicity in the clinic.
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Figure 7

Figure 7 Graphical abstract: Model depicting stratification of patients with high histone deacetylase activity/levels of histone deacetylase inhibitor
therapy. A prior treatment of histone deacetylase inhibitors would relax the condensed chromatin of a stratified patient group, making it more accessible and
increasing its interaction with chemotherapeutic drugs compared to only first-line chemo treatment. This would enhance the number of cells killed at lower drug
concentrations with a decrease in side-effects and toxicity. HDAC: Histone deacetylase; HAT: Histone acetyl transferase.

ARTICLE HIGHLIGHTS
Research background
Alterations of the epigenome play an important role during the process of gastric carcinogenesis.
Therefore, drugs like histone deacetylase inhibitors (HDACi) are being explored for their antitumor activity.

Research motivation
Identify alterations in the epigenetic milieu of gastric cancer, and check whether the concomitant
usage of HDACi with chemotherapeutic drugs increases the drug’s efficacy.

Research objectives
This study aimed to reveal the most optimal combination of chemotherapeutic drugs, as well as
HDACi type, dose and regime (pre, post and concurrent). The biochemical mechanism of action
was investigated, and the combination was tested in an in vivo system.

Research methods
This study utilized paired gastric cancer human samples, along with the gastric adenocarcinoma
cell line AGS and immortalized normal counterpart HFE145. The efficacy of several
chemotherapeutic agents and HDACi was tested in the AGS cell line, and the final combination
was tested in an animal model of gastric cancer.

Research results
Gastric cancer patients showed differential HDAC activity and levels. Furthermore, pretreatment
of valproic acid followed by cisplatin favors an open chromatin conformation via increased
histone acetylation. These changes increase the binding of cisplatin to DNA at lower
concentrations. In vivo studies suggest a better response with pretreatment regimes that do not
cause toxicity.
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Research conclusions
This study described that decreased histone acetylation in human gastric cancer tumor samples
may be attributed to differential/elevated histone deacetylase activity and expression.
Additionally, pre-treatment with HDACi was the most optimal regime that maximally enhanced
the cell killing potential of chemotherapeutic drugs. This was achieved by increased intercalation
of the drug in chromatin post-HDACi treatment. The pre-treatment of HDACi valproic acid and
cisplatin was able to decrease tumor volume in vivo compared to cisplatin alone.

Research perspectives
This pre-clinical study provides evidence that pre-treatment of HDACi followed by standard
chemotherapeutic agents enhances the effectiveness of the drug. Hence, clinical testing of such
combinations may be explored for better management of gastric cancer.
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Abstract
BACKGROUND
This study determined the composition and diversity of intestinal microflora in
patients with colorectal adenoma (CRA), which may provide precedence for
investigating the role of intestinal microflora in the pathogenesis of colorectal
tumors, the composition of intestinal microflora closely related to CRA, and
further validating the possibility of intestinal flora as a biomarker of CRA.
AIM
To study the relationship between intestinal microflora and CRA.
METHODS
This is a prospective control case study from October 2014 to June 2015 involving
healthy volunteers and patients with advanced CRA. High-throughput
sequencing and bioinformatics analysis were used to investigate the composition
and diversity of intestinal microflora in 36 healthy subjects and 49 patients with
advanced CRA. Endpoints measured were operational taxonomic units of
intestinal flora, as well as their abundance and diversity (α and β types).
RESULTS
In this study, the age, gender, body mass index, as well as location between
controls and patients had no significant differences. The mucosa-associated gut
microbiota diversity and bacterial distribution in healthy controls and colorectal
adenomas were similar. The operational taxonomic unit, abundance, and α and β
diversity were all reduced in patients with CRA compared to controls. At the
phylum level, the composition of intestinal microflora was comparable between
patients and controls, but the abundance of Proteobacteria was increased, and
Firmicutes and Bacteroides were significantly decreased (P < 0.05). The increase
in Halomonadaceae and Shewanella algae, and reduction in Coprococcus and
Bacteroides ovatus, could serve as biomarkers of CRA. High-throughput
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sequencing confirms the special characteristics and diversity of intestinal
microflora in healthy controls and patients with CRA.
CONCLUSION
The diversity of intestinal microflora was decreased in patients with CRA. An
increase in Halomonadaceae and Shewanella algae are markers of CRA.
Key words: 16S rDNA; Intestinal microflora; Advanced colorectal adenoma; Colorectal
cancer; Biomarkers
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: Colorectal adenomas (CRAs), the most important pre-cancerous lesions in
colorectal cancer, have a close relationship with intestinal microflora. However, the
mechanism is not clear. Early detection of CRA can effectively reduce the morbidity and
mortality of colorectal cancer. This study analyzes the composition and diversity of
intestinal microflora in patients with CRA through 16s rDNA gene sequencing. It was
proven that the diversity of intestinal microflora in patients with CRA decreased, and
that an increase in the number of Halomonadaceae and Shewanella algae may be
biomarkers of CRA, which provides a basis for future research.
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INTRODUCTION
Colorectal adenomas (CRAs) are the main pre-cancerous lesions in colorectal cancer
(CRC). CRC is the second most common malignancy worldwide, and sporadic CRC
exhibits a typical progression from adenoma to cancer. Advanced adenomas have a
high risk for CRC[1], and the following characteristics are indicative of advanced CRA:
Diameter of the polyp or lesion is ≥ 10 mm; villous structure (accounts for > 25% of
the villous or mixed adenoma); and if high-grade intraepithelial neoplasia is present[2].
Previous studies have shown that carcinogenesis of the intestinal mucosa is not only a
multi-step process and a result of accumulating multi-gene mutations, but also closely
related to changes in intestinal microflora[3]. In the present study, 16S rDNA gene
sequencing was used to analyze the composition of intestinal microflora in patients
with advanced CRA, to investigate the composition of intestinal microflora, and to
identify biomarkers of CRA. This knowledge may be helpful for elucidating CRC
pathogenesis from a micro-ecological perspective.

MATERIALS AND METHODS
Materials
Sample collection and processing: This study was approved by the Ethics Committee
of the First People’s Hospital of Guangzhou, and informed consent was obtained from
all patients. Biopsy samples from advanced CRA and adjacent normal mucosa were
obtained from 49 patients who underwent colonoscopies at the First People’s Hospital
of Guangzhou between October 2014 and June 2015. Six endoscopically-obtained
biopsy samples were taken from each patient, three from advanced CRA and three
from adjacent normal mucosa (5.0 cm beyond the CRA tissue). In addition, normal
intestinal samples were collected from 36 healthy subjects as controls. The mean
diameter of advanced CRA was ≥ 1 cm, and the advanced CRA were pathologically
confirmed to be advanced. Tissues were stored in liquid nitrogen immediately after
biopsy sampling, then transferred into a refrigerator at -80 degrees Celsius within 4 h.
Inclusion criteria: (1) Patients in generally good condition with stable vital signs; (2)
Age: 18-80 years old, no gender restrictions; (3) Pathological diagnosis of intestinal
adenoma; (4) No special diet (vegetarian food, etc.); and (5) No diabetes, history of
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liver cirrhosis, chronic renal failure, drug chemotherapy or surgical treatment.
Healthy volunteers: Criteria 3 in the inclusion criteria was changed to: No obvious
lesions were found in the colonoscopy.
Exclusion criteria of research objects: (1) Antibiotics, probiotics or prebiotics
(including yogurt) were used within four weeks before sampling; (2) Familial or
hereditary colorectal adenoma or tumor, other system or organ tumors; and (3) Recent
history of bleeding or taking anticoagulants.
Main reagents: Tiangen centrifugal columnar genomic DNA extraction kit, primers
for polymerase chain reaction (PCR) (Shenzhen BGI Gene Company, Shenzhen,
China), and Premixtaq (version 2.0; Takara, Dalian, Liaoning, China) were used in the
present study.

Extraction of total DNA
Mucosal tissues (0.5 cm in diameter) were mixed with 200 μL of GA buffer in a 1.5 cm
centrifuge tube, followed by addition of 3 mm beads. After homogenization by
vortexing at 5000-6000 rpm (g values are preferred) for 3-4 min, the cell suspension
was harvested. Genomic DNA was extracted with a Tiangen centrifugal columnar
genomic DNA extraction kit according to the manufacturer’s instructions. DNA
concentrations were measured with a microplate reader. After 1% agarose gel
electrophoresis for 40 min at 150 v, gene integrity was confirmed. DNA was then
stored at -20 degrees Celsius.

Amplification of the 16S rDNA V4 variable region by PCR
Common primers with a barcode for the PCR of the 16S rDNA V4 variable region
were as follows: 515F, GTGCCAGCMGCCGCGGTAA; 806R, GGACTACHVGGGTWTCTAAT (Shenzhen BGI Gene Company). The 20-μL mixture included
0.5 μL of forward primer, 0.5 μL of reverse primer, 1 μL of template, 10 μL of Premix
Taq, and 8 μL of distilled water. PCR was performed under the following conditions:
Pre-denaturation at 94 degrees Celsius for 2 min; 20 cycles of denaturation at 94
degrees Celsius for 30 s; annealing at 58 degrees Celsius for 30 s; extension at 72
degrees Celsius for 1 min; and a final extension at 72 degrees Celsius for 10 min.

High-throughput sequencing and bioinformatics analysis
PCR products of the 16S rDNA V4 variable region were subjected to paired-end
sequencing in an Illumina platform Miseq PE 250 (Shenzhen BIG Gene Company).
Tags of the variable region were obtained with Fast Length Adjustment of Short reads
(FLASH; v1.2.11). The connected tags were clustered as an operational taxonomic unit
(OTU) with USEARCH (v7.0.1090). Then, the species classification of the OTU was
performed by OTU noting. The OTU and its abundance analysis, sample diversity
analysis, principal component analysis of samples, differential analysis, and analysis
of biomarkers were performed using bioinformatics analysis.

Statistical analysis
Clinical data were analyzed with IBM SPSS 21.0 version. Quantitative data with a
normal distribution are expressed as the mean ± SD. Data with a normal distribution
were compared with an independent t-test. Categorical data were compared with a χ2
test. P < 0.05 was considered statistically significant.

RESULTS
Clinical characteristics at baseline
Clinical characteristics were compared between controls and patients with CRA.
There were no significant differences in age, gender, body mass index, or site of CRA
between the two groups (P > 0.05) (Table 1).

Bioinformatics analysis
OTU and its abundance: (1) Group 1: Normal mucosa; (2) Group 2: CRA mucosa; and
(3) Group 3: Adjacent normal mucosa of CRA specimens (Figure 1).
Analysis of alpha diversity: Species diversity was compared among normal mucosa
(group 1), CRA mucosa (group 2), and adjacent normal mucosa of CRA specimens
(group 3). There were significant differences in the observed OTU, Chao, the index
used to estimate the number of OTU in the community (ACE), Shannon index, and
Simpson diversity index among these tissues (P < 0.05). The OTU in the CRA group
was significantly reduced compared with the control group, but the OTU was
comparable between adjacent normal mucosa and normal mucosa specimens. This
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Table 1 Clinical characteristics of patients at baseline
Characteristic

Normal mucosa

Advanced CRA

P value

Age in yr

58.9 ± 7.2

62.9 ± 9.9

0.058

Male

18

28

0.448

Female

18

20

BMI

25.2 ± 3.6

26.3 ± 3.9

0.229

Right colon

9

10

0.651

Left colon

27

39

Gender

Site

BMI: Body mass index; CRA: Colorectal adenoma.

finding suggests that the species diversity of microflora was reduced in patients with
CRA, and that species diversity was similar between CRA patients and controls (Table
2 and Figure 2).
Analysis of beta diversity: Beta diversity reflects differences in species diversity
among samples. As shown in the principal coordinates analysis figure, the distance
between samples was short and aggregated in the CRA group, but the distance was
relatively long and displayed a diffuse distribution (Figure 3). In the heat map figure,
all samples were classified as 1 of 2 types, and 90% of the polyps were classified as the
low abundance group, but samples were evenly distributed in the control group
(Figure 4). Thus, the species have small differences, high similarities, and favorable
clustering.
Species noting, principal component analysis, and differential analysis: The OTU
was compared with the database, and species were noted at the phylum, class, order,
family, genus, and species levels for delineation of the profiling histogram. In this
study, analysis was mainly performed at the phylum, order, genus, and species levels.
Results showed that the species were mainly distributed into the following seven
types of phyla: Proteobacteria, Bacteroidetes, Firmicutes, Fusobacteria, Actinobacteria,
Spirochaetes, and Cyanobacteria. The principal component distribution is shown in
Figure 5. When compared with normal mucosa, the abundance of Proteobacteria
increased from 66.0% to 77.4%, the abundance of Firmicutes was reduced from 14.8%
to 7.8%, and the abundance of Bacteroidetes was reduced from 13.7% to 7.0% in CRA
mucosa (P < 0.05).
At the order level, microflora in the advanced CRA group mainly included
Oceanospirillales (40%) and Alteromonadales (13%) of gamma Proteobacteria of
Proteobacteria, and abundance increased significantly in the CRA group compared to
the control group (P < 0.05). In the advanced CRA group, the abundances of
Clostridiales of Firmicutes (5.7%) and Bacteroidales of Bacteroidetes (6.6%) were markedly
reduced compared with the control group (P < 0.05). The principal component
distribution is shown in Figure 6.
At the family level, microflora in advanced CRA mainly included Halomonas and
Oceanospirillales of Proteobacteria (40.5%) and Shewanella of Alteromonadales (18.4%), and
abundances increased significantly in the CRA group compared to the control group.
The abundance of Blautia (0.38%), Coprococcus (0.08%), Bacteroides (5.1%), and
Fusobacterium (0.08%) of Lachnospiraceae, Clostridiales, and Firmicutes in the CRA group
were markedly decreased compared with the control group (P < 0.05). The principal
component distribution is shown in Figure 7.
At the species level, the abundance of Shewanella_algae (18.1%) increased
significantly (P < 0.05) in the CRA group, but the abundance of Bacteroides_fragilis,
Escherichia_coli, and Prevotella_copri was slightly reduced (P > 0.05) compared to the
control group. In addition, the abundance of Faecalibacterium prausnitzii of Clostridiales
(0.7%) was dramatically reduced in the CRA group compared with the control group
(P < 0.05). The principal component distribution is shown in Figure 8.
Metagenome biomarkers: Linear discriminant analysis effect size, also known as the
metagenome biomarker, was used to identify the microbioflora with significant
differences between the two groups. Biomarkers in the advanced CRA group were
mainly found in Oceanospirillales and Alteromonadales. The abundance of
Halomonadaceae, Halomonas, Shewanellaceae, and Shewanella algae also increased in the
CRA group. In addition, the abundance of Blautia, Coprococcus of Lachnospiraceae and
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Figure 1

Figure 1 Operational taxonomic units and their abundance. Group 1: Normal mucosa; Group 2: Colorectal
adenoma mucosa; Group 3: Adjacent normal mucosa of colorectal adenoma specimens.

Bacteroidetes of Bacteroides ovatus was reduced significantly in the CRA group
compared to the control group (Figure 9).

DISCUSSION
In recent years, intestinal microflora has been a major focus of research. Intestinal
micro-ecology is composed of intestinal microbiota and their metabolites. Intestinal
microbiota includes intestine flora and mucosa-related microflora [4] . Under the
influence of the environment and dietary fiber, mucosa-related microflora may
interact with intestinal mucosa, leading to epithelial transformation of the mucosa,
and causing mucosal pathology. In this study, the mucosa-related microbiota was
investigated in normal and CRA mucosa specimens. Microbiota diversity was
reduced in CRA mucosa, and the abundance of Halomonadaceae, Shewanella algae, and
Lachnospiraceae was reduced in CRA patients.
Shewanella are gram-negative saprophytic bacteria and secrete a tetrodotoxin-like
toxin. It is widely accepted that Shewanella are the major bacterial contributor to the
decay of high-protein foods and aquatic products. The Centers for Disease Control in
the United States has indicated that only Shewanella algae and Shewanella putrefaciens in
Shewanella are pathogenic for humans. Individuals with immune dysfunction,
seawater exposure, or intake of seafood will develop zoonotic infectious diseases
caused by Shewanella. Available case reports have shown that early-onset neonatal
sepsis, acute hemorrhagic gastroenteritis, spontaneous bacterial peritonitis in
cirrhosis, and squamous cell carcinoma are related to Shewanella infection[5-7]. In vitro
experiments also indicate that Shewanella is able to inhibit the growth of plant
pathogenic fungi, such as aflatoxin and Botrytis cinerea[8]. Telke et al[9] also separated
the MARS 14 strain of Shewanella, and found that these bacteria could secrete
ethanolamine phosphotransferase, which mediates polymyxin resistance. Liang et al[10]
used 16S rDNA sequencing, and reported that patients with bile duct stones had Oddi
sphincter relaxation and an abundance of Bilophila and Shewanella algae in the bile.
Srinivas et al[11] conducted a 5-year study, and found that patients with concomitant
diabetes mellitus, hypertension, or hepatobiliary disorders were more susceptible to
Shewanella algae-related skin and soft tissue infections. In the current study, we
showed that the abundance of Shewanella algae increased in the lesioned mucosa of
patients with CRA, but the mechanism underlying the increased abundance of
Shewanella algae in these patients is still poorly understood. We speculate that these
bacteria may invade intestinal epithelial cells to interact with host tissues, or secrete
some toxins to cause intestinal infections, but further molecular biological studies are
required to confirm our hypothesis.
Studies have shown that intestinal Lachnospiraceae is significantly reduced in
patients with inflammatory diseases [ 1 2 ] . Lachnospiraceae may antagonize the
implantation of Clostridium difficile in the intestine after antibiotic therapy [13] . In
addition, Lachnospiraceae is closely related to reduced carcinogenesis of the intestine[14].
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Table 2 Statistics of alpha diversity
α

Normal mucosa

Advanced CRA

Adjacent normal mucosa

P value

Sobs

271 ± 90

215 ± 86

253 ± 91

< 0.001a

Chao

301 ± 102

249 ± 104

291 ± 95

0.008

ACE

296 ± 102

253 ± 105

291 ± 93

0.020

Shannon

2.56 ± 0.68

2.30 ± 0.71

2.68 ± 0.72

0.028

Simpson

0.21 ± 0.12

0.26 ± 0.11

0.20 ± 0.12

0.031

ACE: Index used to estimate the number of OTU in the community; CRA: Colorectal adenoma.
a
P < 0.001: P = 0.00076.

Thus, the reduced abundance of Lachnospiraceae in patients with CRA may be
associated with intestinal mucosal inflammation and the immune response. Different
dietary components may change intestinal microbial composition and inflammatory
markers[15]. There is evidence that CRP and IL-6 levels are different, not only between
colorectal adenoma and cancer, but also between cancer stages[16]. Probiotics may have
preventive effects on CRC, but the specific mechanism is still unclear. The binding or
degradation of heterocyclic aromatic amines by probiotics may be an effective
mechanism for removing carcinogens from the human body[17].
In the current study, CRA biomarkers were screened, but the relationship with the
host requires further confirmation. The selective microbiota in this study also warrant
further study in future clinical trials, and their role in the occurrence and
development of CRA needs validation. With the development of intestinal
microecological detection technology, changes in intestinal flora structure are
expected to become an index to predict and evaluate the risk of CRC in hosts. At the
same time, the use of microecological agents will provide new ideas and methods to
prevent and treat CRC.
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Figure 2

Figure 2 Box plots of alpha diversity among normal mucosa (group 1), colorectal adenoma mucosa (group 2), and adjacent normal mucosa of colorectal
adenoma specimens (group 3). A: Differences in the observed operational taxonomic units among normal mucosa (group 1), colorectal adenoma (CRA) mucosa
(group 2), and adjacent normal mucosa of CRA specimens (group 3); B: Differences in Chao among normal mucosa (group 1), CRA mucosa (group 2), and adjacent
normal mucosa of CRA specimens (group 3); C: Differences in the index used to estimate the number of OTU in the community among normal mucosa (group 1),
CRA mucosa (group 2), and adjacent normal mucosa of CRA specimens (group 3); D: Differences in the Shannon index among normal mucosa (group 1), CRA
mucosa (group 2), and adjacent normal mucosa of CRA specimens (group 3); E: Differences in the Simpson diversity index among normal mucosa (group 1), CRA
mucosa (group 2), and adjacent normal mucosa of CRA specimens (group 3). ACE: Index used to estimate the number of OTU in the community.
Figure 3

Figure 3 Principal coordinates analysis of beta diversity. PCoA: Principal coordinates analysis.
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Figure 4

Figure 4 Heatmap of beta diversity.
Figure 5

Figure 5 Histograms at the phylum level.
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Figure 6

Figure 6 Histograms at the order level.
Figure 7

Figure 7 Histograms at the family level.
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Figure 8

Figure 8 Histograms at the species level.
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Figure 9

Figure 9 Analysis of metagenome biomarkers with linear discriminant analysis of effect sizes.

ARTICLE HIGHLIGHTS
Research background
Colorectal adenomas (CRAs) are major precancerous lesions in colorectal cancer (CRC), which
can greatly reduce the incidence and mortality of CRC and improve the quality of patient life. At
present, many scholars have begun to study the relationship between intestinal flora and CRA.
This paper provides a future direction for the prevention and treatment of by measuring the
composition and diversity of intestinal flora in CRA patients, as well as the biomarkers related to
it.

Research motivation
In order to further study the mechanism of CRC and its precancerous lesion CRA, the
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composition and diversity of intestinal flora in patients with CRA were determined by 16S rRNA
gene sequencing, and the related biomarkers were also determined. However, the results
obtained in this study need to be further verified in the population, and the relationship between
the screened biomarkers and the host needs to be further confirmed.

Research objectives
This study found that the diversity of intestinal flora decreased in patients with CRA, and an
increase in the number of Halomonadaceae and Shewanella algae may be a marker of CRA, a
finding that provides new insights into the mechanism of CRA and CRC, and their development
in the future.

Research methods
The intestinal flora composition of 36 healthy people and 49 patients with advanced CRA in
Guangzhou First People’s Hospital was studied by 16s rRNA gene sequencing. The operational
taxonomic unit and its abundance analysis, sample diversity analysis, principal component
analysis of samples, differential analysis, and analysis of biomarkers were performed via
bioinformatics analysis.

Research results
This study found that the diversity of intestinal flora decreased in patients with CRA, and that
an increase in the number of Halomonadaceae and Shewanella algae may be a marker of CRA.
However, the results of this study need to be further verified in the population, and the
relationship between the selected biomarkers and the host needs to be further confirmed.

Research conclusions
CRA is the main precancerous lesion in CRC. In this study, the composition and diversity of
intestinal flora in CRA patients were measured by 16s rRNA gene sequencing and
bioinformatics. It was found that the diversity of intestinal flora in CRA patients decreased, and
that an increase in Halomonadaceae and Shewanella algae may be a biomarker of CRA. However,
the results obtained in this study need to be further verified in the population, and the
relationship between the selected biomarkers and the host also needs to be further confirmed.
This finding provides new ideas for the future study of the mechanism of CRA and CRC.

Research perspectives
This study confirmed the difference in intestinal flora between normal people and CRA patients,
and identified possible biomarkers. On this basis, future studies will further confirm the
correlation, expand the sample size, and further study the interaction between biomarkers and
hosts.
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BACKGROUND
Colorectal cancer (CRC) is one of the most common malignancies worldwide.
AIM
To explore the expression of microRNA miR-19a-3p and Forkhead box F2
(FOXF2) in patients with CRC and the relevant mechanisms.
METHODS
Sixty-two CRC patients admitted to the hospital were enrolled into the study
group, and sixty healthy people from the same period were assigned to the
control group. Elbow venous blood was sampled from the patients and healthy
individuals, and blood serum was saved for later analysis. MiR-19a-3p mimics,
miR-19a-3p inhibitor, miR-negative control, small interfering-FOXF2, and short
hairpin-FOXF2 were transfected into HT29 and HCT116 cells. Then quantitative
polymerase chain reaction was performed to quantify the expression of miR-19a3p and FOXF2 in HT29 and HCT116 cells, and western blot (WB) analysis was
conducted to evaluate the levels of FOXF2, glycogen synthase kinase 3 beta (GSK3β), phosphorylated GSK-3β (p-GSK-3β), β-catenin, p-β-catenin, α-catenin, Ncadherin, E-cadherin, and vimentin. The MTT, Transwell, and wound healing
assays were applied to analyze cell proliferation, invasion, and migration,
respectively, and the dual luciferase reporter assay was used to determine the
correlation of miR-19a-3p with FOXF2.
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RESULTS
The patients showed high serum levels of miR-19a-3p and low levels of FOXF2,
and the area under the curves of miR-19a-3p and FOXF2 were larger than 0.8.
MiR-19a-3p and FOXF2 were related to sex, tumor size, age, tumor-nodemetastasis staging, lymph node metastasis, and differentiation of CRC patients.
Silencing of miR-19a-3p and overexpression of FOXF2 suppressed the epithelialmesenchymal transition, invasion, migration, and proliferation of cells. WB
analysis revealed that silencing of miR-19a-3p and FOXF2 overexpression
significantly suppressed the expression of p-GSK-3β, β-catenin, N-cadherin, and
vimentin; and increased the levels of GSK-3β, p-β-catenin, α-catenin, and Ecadherin. The dual luciferase reporter assay confirmed that there was a targeted
correlation of miR-19a-3p with FOXF2. In addition, a rescue experiment revealed
that there were no differences in cell proliferation, invasion, and migration in
HT29 and HCT116 cells co-transfected with miR-19a-3p-mimics+sh-FOXF2 and
miR-19a-3p-inhibitor+si-FOXF2 compared to the miR-negative control group.
CONCLUSION
Inhibiting miR-19a-3p expression can upregulate the FOXF2-mediated Wnt/βcatenin signaling pathway, thereby affecting the epithelial-mesenchymal
transition, proliferation, invasion, and migration of cells. Thus, miR-19a-3p is
likely to be a therapeutic target in CRC.

and hepatology

Received: October 10, 2019
Peer-review started: October 10,
2019

First decision: November 27, 2019
Revised: December 3, 2019
Accepted: December 22, 2019
Article in press: December 22, 2019
Published online: February 14, 2020
P-Reviewer: Jeong KY, Katuchova
J, Maric I

S-Editor: Wang J
L-Editor: Filipodia
P-Editor: Qi LL

Key Words: MiR-19a-3p; Forkhead box F2; Wnt/β-catenin signaling pathway; Biological
function; Colorectal cancer; Western blot
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.

Core tip: Colorectal cancer (CRC) has a high rate of mortality, and patients with this
disease often miss the optimal treatment period due to the lack of clinical symptoms of
early CRC, which affects their prognosis. At present, CRC is extremely difficult to
prevent and treat. Therefore, this study investigated the changes in biological functions
of CRC cells from the perspective of the CRC mechanism, with the goal of evaluating
the effects of microRNA miR-19a-3p-mediated regulation of the Forkhead box F2mediated Wnt/β-catenin signaling pathway on the biological functions of CRC cells.

Citation: Yu FB, Sheng J, Yu JM, Liu JH, Qin XX, Mou B. MiR-19a-3p regulates the Forkhead
box F2-mediated Wnt/β-catenin signaling pathway and affects the biological functions of
colorectal cancer cells. World J Gastroenterol 2020; 26(6): 627-644
URL: https://www.wjgnet.com/1007-9327/full/v26/i6/627.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i6.627

INTRODUCTION
Colorectal cancer (CRC) is a malignant tumor of the digestive system, also known as
the gastrointestinal tract, with an incidence second only to gastric cancer. With the
development of the social economy, an increasing number of young people suffer from
CRC due to unhealthy living and eating habits[1,2]. Early detection, diagnosis, and
radical therapy are pivotal to the treatment of CRC, but most patients already have
advanced-stage disease at the time of diagnosis due to the insidious clinical
characteristics in the early stage; thus, CRC patients suffer a poor prognosis and
extremely high mortality[3,4]. At present, CRC is mainly treated with surgical resection,
radiotherapy, or chemoradiotherapy in clinical practice[5,6]. In recent years, based on indepth studies on the mechanism of CRC, it has been found that the regulation of
tumor-suppressor or tumor-promoting genes can affect the occurrence and
development of tumors, thereby offering novel insights into CRC therapy and
prognosis[7]. Studies on tumors have concluded that the invasion and metastasis of
cancer cells are strongly linked to activation of the epithelial-mesenchymal transition
(EMT) pathway as follows. With the EMT, tumor epithelial cells have enhanced
invasion and migration ability, transform into mesenchymal-like cells, and then fall off
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from the primary foci to form new metastatic foci. The EMT of tumors involves a series
of complex molecular events and regulatory pathways[8]. MicroRNA (miRNAs), as
endogenous non-coding single-stranded RNAs with cancer-promoting or cancerinhibiting functions, may participate in the EMT of tumors through a variety of
signaling pathways[9]. Studies have shown that miR-19a-3p is an miRNA with
abnormal expression in a variety of tumor cells[10]. For example, a study revealed that
highly expressed miR-19a-3p could regulate cell adhesion molecule 2 and affect the
proliferation and migration mechanism of renal carcinoma cells through the AKT
signaling pathway[11]. In addition, a study found that miR-19a-3p reversed the tumorassociated macrophage phenotype by regulating Fos-related antigen 1/IL-6/signal
transducer and activator of transcription 3 signaling pathways, thus inhibiting breast
cancer metastasis[12]. Although these studies have demonstrated that miR-19a-3p is
extensively involved in cancer such as renal cell carcinoma and breast cancer, the
specific mechanism underlying its role in CRC is not completely understood[13,14].
Forkhead box F2 (FOXF2) is a homeobox protein and an inducer of the EMT. A
previous study showed that FOXF2 can promote the EMT of CRC cells by mediating
the Wnt/β-catenin signaling pathway[15]. Wnt/β-catenin is a classical signaling
pathway in the pathological process of cancer, which is overexpressed in tumor cells
and has a very close relationship with their proliferation and apoptosis[16].
We predicted that FOXF2 is probably the target site of miR-19a-3p using online
biological prediction software (http://www.targetscan.org/vert_72/). Based on the
abovementioned studies, the goal of this study was to determine if miR-19a-3p
influences the biological functions of CRC cells by targeting the FOXF2-mediated
Wnt/β-catenin signaling pathway.

MATERIALS AND METHODS
Clinical data
Sixty-two CRC patients in the Fourth Affiliated Hospital of Kunming Medical
University between March 2017 and July 2018 were enrolled as the study group, and
sixty healthy people from the same period were enrolled as the control group. There
were 32 males and 30 females (57.8 ± 3.80 years-old) in the study group, and 34 males
and 26 females (57.5 ± 3.50 years-old) in the control group. Though comparable, there
were no significant differences regarding sex and age between groups. The inclusion
criteria of the study were: CRC patients with confirmed disease based on pathological
diagnosis[17], and patients with expected survival longer than 3 mo. The exclusion
criteria were: Patients who received preoperative chemoradiotherapy and
immunotherapy. All patients and their families signed an informed consent form after
understanding this study, and the study was conducted with permission from the
Ethics Committee of the Fourth Affiliated Hospital of Kunming Medical University.

Experimental reagents and materials
The human normal colonic epithelial cell line and human CRC cell lines (HT29,
SW480, SW620, and HCT116) (Nos. BNCC338003, BNCC337731, BNCC100604,
BNCC337664, and BNCC337692; Beijing BeNa Culture Collection, Beijing);
TransScript/TransScript IIGreen miRNA Two-Step qRT Polymerase Chain Reaction
(PCR) SuperMix (AQ202-01/AQ301-01; Beijing TransGen Biotech, Beijing, China);
MTT Kit (SY0502; Beijing Biolab Technology Co., Ltd., Beijing, China); Trizol reagent
(10296010; Invitrogen Company, Carlsbad, CA, United States); Dual Luciferase
Reporter Gene Determination Kit (KFS303; Beijing Biolab Technology); fetal bovine
serum (FBS), Transwell Kit, and phosphate-buffered saline (PBS) (1142802, 10010049,
10437028; Gibco Company, Gaithersburg, MD, United States), radioimmunoprecipitation assay (JN0190; Beijing Biolab Technology); Bicinchoninic Acid
Protein Assay Kit (A53225; Thermo Fisher Scientific, Waltham, MA, United States);
FOXF2, glycogen synthase kinase 3 beta (GSK-3β), phosphorylated GSK-3β (p-GSK3β), β-catenin, p-β-catenin, α-catenin, N-cadherin, E-cadherin, vimentin, and β-actin
antibodies (Cell Signaling Technology, Danvers, MA, United States); goat anti-rabbit
IgG secondary antibody (Wuhan BOSTER Biological Technology Co., Ltd., Wuhan,
China); electrochemiluminescence developer (Thermo Fisher Scientific), and PCR
instrument (7500; Applied Biosystems, Waltham, MA, United States). The design and
synthesis of all primers were carried out by Shanghai Sangon Biotech Co., Ltd.
(Shanghai, China).

WJG

https://www.wjgnet.com

629

February 14, 2020

Volume 26

Issue 6

Yu FB et al. MiR-19a-3p on colorectal cancer cells

Cell culture, passage, and transfection
CRC cell lines were incubated in Dulbecco's Modified Eagle’s Medium containing 10%
PBS in an incubator with CO2 at 37 °C for transfection. When cell growth and fusion
under transfection reached 50%, 25% pancreatin was added to the cell lines for
digestion, and after digestion, the cell lines were cultured in medium again to
complete passage. Cells in the logarithmic phase were grouped and then transfected
with an inhibition sequence (miR-19a-3p-inhibitor), overexpression sequence (miR19a-3p-mimics), miR negative control (miR-NC), targeted inhibited FOXF2 RNA (siFOXF2), targeted overexpressed FOXF2 RNA (sh-FOXF2), and NC RNA with the
Lipofectamine™ 2000 kit, in accordance with the instructions of the corresponding kit.

Determination methods
Quantitative PCR assay: The quantitative PCR (qPCR) assay was employed to
determine the level of mRNA in serum and cells. Total serum RNA was extracted from
the patients as per the operating instructions of Trizol reagent and dissolved in 20 μL
diethylpyrocarbonate water, followed by reverse transcription using a reverse
transcription kit in 15 μL total reaction volume containing 1 μL M-MLV, 1 μL Oligo (d
T), 0.5 μL RNA enzyme inhibitor, 1 μL NTP, and RNAse-free water to adjust the
volume. The RNA was incubated at 38 °C for 60 min. cDNA (1 μL) was sampled and
synthesized at 85 °C for 5 s. The synthesized cDNA was adopted as a qPCR
amplification template. The PCR reaction system was prepared to a 25 μL total
reaction volume with 2.5 μL of 10 × PCR buffer, 1 μL dNTPs, 1 μL upstream and
downstream primers, 0.25 μL Taq DNA Polymerase, and dd H2O to adjust the volume.
The reaction conditions were as follows: 95 °C for 15 min, 95 °C for 15 s, 58 °C for 30
min (a total of 35 cycles), and then 72 °C for 15 min. Three replicate wells were made
for each sample for three repeated experiments. U6 was applied as an internal
reference for miR-19a-3p, and β-actin as an internal reference for FOXF2. After
reaction, the amplification and dissociation curves of the qPCR were confirmed, and
the relative quantity of target gene was calculated based on obtained parameters. The
relative quantification of target genes was analyzed using 2-ΔCt.
Western blot assay: Cultured cells were collected from each group, and the total
protein was extracted using the radioimmunoprecipitation assay lysis method. The
bicinchoninic acid method was adopted to determine the level of total protein, and
was adjusted to 4 μg/μL. The total protein was transferred to a PVDF membrane
through 6%-12% sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
Corresponding protein band was selected according to the target protein, and the
membrane was blocked in 5% skim milk for 2 h, followed by the addition of primary
antibody (Beyotime Biology Co., Ltd., Jiangsu, China) at a dilution of 1:1000. Then the
membrane was washed and stored at 4 °C for one night. The next day, the membrane
was incubated with secondary antibody (Beyotime Biology Co., Ltd.) for 1 h with the
same procedures, after which developer was added in a dark room. The PVDF
membrane was imaged by a Tocan240 motored molecular imaging system (Shanghai
Tocan Bio-technology Co., Ltd., Shanghai, China), and the imaging results were
analyzed using Image LabTM software.
MTT assay: Cells transfected for 24 h were collected, and seeded into a 96-well plate at
5 × 103 cells/well, followed by the addition of 20 μL of MTT solution (5 μg/mL) at 24,
48, and 72 h after being incubated at 37 °C. Then the cells were cultured at 37 °C for 4
h. A total of 200 μL dimethyl sulfoxide was added to each well, and then the optical
density of each group of cells under 570 nm was measured using a spectrophotometer.
Transwell assay: Cells transfected for 24 h were collected and seeded into a 24-well
plate at 3 × 104 cells/well. The cells were digested with pancreatin, and transferred to
the upper compartment. The upper compartment was added with 200 μL of RPMI
1640 culture solution, and the lower compartment was added with 500 mL of RPMI
1640 containing 10% FBS. The plate was cultured at 37 °C for 48 h, and the substrate
and cells not passing through the microporous membrane in the upper chamber were
removed. The plate was washed three times with PBS, followed by immobilization
using paraformaldehyde for 10 min, and then washed three times with double
distilled water. Subsequently, 0.5% crystal violet was employed to stain the dry plate,
and cells invasion was evaluated using a microscope.

Wound healing assay for migration determination of cells in vitro
The cells were seeded into a 6-well plate after being diluted to 3 × 105 cells/mL. When
the confluency of the cells was up to 85%, a 200 μL sterile loading gun was used to
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divide the cells to form a cell-free area in the center of the culture plate. The divided
cells were cultured in new culture medium after being washed with PBS. At 0 h (W0)
and 24 h (W24) after cell division, the cell migration ability was evaluated according to
wounds at three different sites using a microscope.

Xenotransplantation tumor model
Stable miR-19a-3p-inhibitor and 3 × 106 HCT116 cells transfected with control plasmid
were subcutaneously injected into the left abdomen of female BALB/c nude mice (4
wk old) raised in a sterile environment (5 nude mice in each group). The tumor growth
of each mouse was evaluated every 7 d, and at 28 d after injection, the mice were
executed by cervical dislocation, and their tumor size and mass in vivo were measured.

Statistical analyses
The collected data were analyzed statistically with SPSS20.0, and visualized with
GraphPad 7. Inter-group comparison was conducted using the independent-samples ttest, and multi-group comparisons were conducted by the one-way analysis of
variance, and expressed as F. Post hoc pairwise comparison was carried out using the
least significant difference t-test, and comparison of data at multiple time points was
carried out using the variance of repeated measures, and expressed as F. Post test was
performed using Bonferroni. Receiver operating characteristic (ROC) curves of miR19a-3p and FOXF2 and the value of diagnosing CRC was drawn. Pearson’s correlation
analysis was carried out to investigate the relationship between serum miR-19a-3p and
serum FOXF2. P < 0.05 indicated a significant difference.

RESULTS
Levels of serum miR-19a-3p and FOXF2 and their clinical value
The determination of the levels of serum miR-19a-3p and FOXF2 in the subjects
revealed that the study group had a significantly higher level of serum miR-19a-3p,
and a significantly lower level of serum FOXF2 than the control group (both P < 0.001).
Pearson’s correlation analysis revealed that the level of serum miR-19a-3p in CRC
patients was negatively correlated with that of serum FOXF2 (P < 0.001), and the ROC
curves showed that the area under the curves (AUC) of miR-19a-3p and FOXF2 were
0.883 and 0.850, respectively. Analysis of the correlation of miR-19a-3p and FOXF2
with pathological data of the patients revealed that the two indexes were strongly
linked to age, sex, tumor size, differentiation, tumor-node-metastasis (TNM) staging,
and lymph node metastasis (LNM) (all P < 0.05; Table 1 and Figure 1).

Effects of miR-19a-3p on the proliferation, invasion, migration, and EMT of CRC cells
The determination of miR-19a-3p expression in CRC cells revealed that miR-19a-3p
expression in the human normal colonic epithelial cell line was significantly higher
than that in human CRC cell lines (HT29, SW480, SW620 and HCT116) (P < 0.05).
Transfection of miR-19a-3p-mimics, miR-19a-3p-inhibitor, and miR-NC into HCT116
and HT29 cells led to the following results. HCT116 and HT29 cells transfected with
miR-19a-3p-mimics had significantly higher miR-19a-3p expression than those
transfected with miR-NC, and HCT116 and HT29 cells transfected with miR-19a-3pinhibitor had significantly lower miR-19a-3p expression than those transfected with
miR-NC. Determination of the biological functions of cells in the two groups
demonstrated that cells with transfected miR-19a-3p-mimics had significantly more
cell proliferation, invasion, and migration abilities than those transfected with miR-NC
and also had significantly higher expression of p-GSK-3β, β-catenin, N-cadherin, and
vimentin proteins, and significantly lower expression of GSK-3β, p-β-catenin, acatenin, and E-cadherin. In addition, cells transfected with miR-19a-3p-inhibitor had
significantly weaker cell proliferation, invasion, and migration abilities than those
transfected with miR-NC, and also had significantly higher expression of p-GSK-3β, βcatenin, N-cadherin, and vimentin and significantly lower expression of GSK-3β, p-βcatenin, α-catenin,, and E-cadherin (Figure 2).

Effects of FOXF2 on the proliferation, invasion, migration, and EMT of CRC cells
The determination of FOXF2 expression in CRC cells revealed that human CRC cell
lines (HT29, SW480, SW620 and HCT116) showed significantly lower expression of
FOXF2 than the human normal colonic epithelial cell line (FHC) (P < 0.05).
Transfection of si-FOXF2, sh-FOXF2, and miR-NC into HCT116 and HT29 cells
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Table 1 Correlation of miR-19a-3p and Forkhead box F2 with pathological data of colorectal cancer patients
Factors n

Relative expression of miR-19a-3p

t

P value Relative expression of FOXF2

t

P value

Male (n = 32)

1.08 ± 0.14

9.600

< 0.001

9.686

< 0.001

Female (n = 30)

1.41 ± 0.13

< 57 years-old (n = 24)

1.03 ± 0.13

≥ 57 years-old (n = 38)

1.37 ± 0.15

Sex
0.41 ± 0.13
0.73 ± 0.13

Age
9.140

< 0.001

0.36 ± 0.11

10.080 < 0.001

0.70 ± 0.14

TNM stage
I, II (n = 35)

1.1 ± 0.14

III, IV (n = 27)

1.42 ± 0.13

9.203

< 0.001

0.43 ± 0.13

9.910

< 0.001

0.76 ± 0.13

Tumor size
< 3 cm (n = 30)

1.06 ± 0.13

≥ 3 cm (n = 32)

1.4 ± 0.13

10.290 < 0.001

0.4 ± 0.12

10.370 < 0.001

0.73 ± 0.13

Lymph node metastasis
Yes (n = 42)

1.12 ± 0.14

No (n = 20)

1.49 ± 0.09

10.780 < 0.001

0.46 ± 0.14

9.615

< 0.001

0.81 ± 0.12

Differentiation
Low (n = 27)

1.39 ± 0.14

Medium and high (n = 35)

1.05 ± 0.12

10.290 < 0.001

0.38 ± 0.12

10.080 < 0.001

0.72 ± 0.14

TNM: Tumor-node-metastasis; FOXF2: Forkhead box F2.

transfected with si-FOXF2 showed significantly lower FOXF2 expression than those
transfected with NC, while HCT116 and HT29 cells transfected with sh-FOXF2
showed significantly higher FOXF2 expression than those transfected with NC.
Determination of the biological functions of cells in the two groups revealed that cells
transfected with si-FOXF2 showed significantly stronger cell proliferation, invasion,
and migration abilities than those transfected with NC, and also showed significantly
higher expression of p-GSK-3β, β-catenin, N-cadherin, and vimentin, and significantly
lower expression of GSK-3β, p-β-catenin, α-catenin,, and E-cadherin than those
transfected with NC. In addition, cells transfected with sh-FOXF2 showed significantly
weaker cell proliferation, invasion, and migration abilities than those transfected with
NC, and also showed significantly lower expression of p-GSK-3β, β-catenin, Ncadherin, and vimentin and significantly higher levels of GSK-3β, p-β-catenin, αcatenin, and E-cadherin than those transfected with NC (all P < 0.05; Figure 3).

Identification of target genes of miR-19a-3p
In order to verify the relationship between miR-19a-3p and FOXF2, we predicated the
downstream target genes of miR-19a-3p through Targetscan7.2, and found targeted
binding sites between FOXF2 and miR-19a-3p. Therefore, we conducted dual
luciferase detection, and found that inhibiting miR-19a-3p significantly lowered the
luciferase activity of pmirGLO-FOXF2-3’UT Wt luciferase activity (P < 0.001), but had
no effect on pmirGLO-FOXF2-3’UTR Mut. WB analysis revealed that HT29 and
HCT116 cells transfected with miR-19a-3p-inhibitor had significantly upregulated
FOXF2 expression, and those transfected with miR-19a-3p-mimics had significantly
downregulated FOXF2 expression (both P < 0.05; Figure 4).

Rescue experiment
We transfected miR-19a-3p-mimics + sh-FOXF2 and miR-19a-3p-inhibitor + si-FOXF2
into HT29 and HCT116 cells, and detected their biological functions. There were no
significant differences between these transfected cells and those transfected with miRNC regarding cell proliferation, invasion, and migration. Cells transfected with one of
those constructs showed significantly stronger proliferation, invasion, and migration
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Figure 1 Expression of serum miR-19a-3p and Forkhead box F2 in colorectal cancer patients and their clinical value. A: The study group
showed significantly higher miR-19a-3p expression than the control group, and miR-19a-3p was highly expressed in serum of colorectal cancer (CRC) patients. bP <
0.001; B: The study group showed significantly lower expression of Forkhead box F2 (FOXF2) than the control group, and FOXF2 had low expression in the CRC
patients. bP < 0.001; C: The area under the curve of miR-19a-3p was 0.883; D: The area under the curve of FOXF2 was 0.850; E: The expression of serum miR-19a3p was negatively related to that of FOXF2 in CRC patients (r = -0.836, bP < 0.001). CRC: Colorectal cancer; FOXF2: Forkhead box F2.

abilities than those transfected with miR-19a-3p-mimics, and showed significantly
weaker proliferation, invasion, and migration abilities than those transfected with
miR-19a-3p-inhibitor (all P < 0.05). The EMT-related protein assay revealed that there
were no significant differences between cells transfected with miR-19a-3p-mimics +
sh-FOXF2 or miR-19a-3p-inhibitor + si-FOXF2 and those transfected with miR-NC
regarding the expression of E-cadherin, N-cadherin, and vimentin, while cells
transfected with miR-19a-3p-mimics + sh-FOXF2 or miR-19a-3p-inhibitor + si-FOXF2
showed a significantly lower level of E-cadherin, and significantly higher levels of Ncadherin and vimentin than those transfected with miR-19a-3p-mimics, and showed a
significantly higher level of E-cadherin, and significantly lower levels of N-cadherin
and vimentin than those transfected with miR-19a-3p-inhibitor (all P < 0.05; Figure 5).

Inhibition of tumor growth in nude mice by silenced miR-19a-3p expression
We constructed a tumor formation model by injecting HCT116 cells transfected with
miR-19a-3p-inhibitor or miR-NC into the abdomen of nude mice. Nude mice injected
with miR-19a-3p-inhibitor had a significantly slower growth rate than those injected
with miR-NC, and after the mice were sacrificed, the tumor size and weight of mice
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Figure 2 Effects of miR-19a-3p on the proliferation, invasion, migration, and epithelial-mesenchymal transition of colorectal cancer cells.
A: miR-19a-3p was highly expressed in colorectal cancer cells; B: Compared with cells transfected with miR negative control (miR-NC), cells transfected with miR19a-3p-mimics showed significantly upregulated expression of miR-19a-3p, and cells transfected with miR-19a-3p-inhibitor showed significantly downregulated
expression of miR-19a-3p; C: Compared with cells transfected with miR-NC, cells transfected with miR-19a-3p-mimics showed significantly increased cell proliferation
ability, and cells transfected with miR-19a-3p-inhibitor showed significantly decreased cell proliferation ability; D: Compared with cells transfected with miR-NC, cells
transfected with miR-19a-3p-mimics showed significantly increased cell invasion ability, and cells transfected with miR-19a-3p-inhibitor showed significantly
decreased cell invasion ability; E: Compared with cells transfected with miR-NC, cells transfected with miR-19a-3p-mimics showed significantly increased cell
migration ability, and cells transfected with miR-19a-3p-inhibitor showed significantly decreased cell migration ability; F: Compared with cells transfected with miR-NC,
cells transfected with miR-19a-3p-mimics showed significantly upregulated expression of p-GSK-3β and β-catenin, and significantly downregulated expression of
GSK-3β and p-β-catenin, and cells transfected with miR-19a-3p-inhibitor showed significantly downregulated expression of p-GSK-3β and β-catenin, and significantly
upregulated expression of GSK-3β and p-β-catenin; G: Western blot map; H: Compared with cells transfected with miR-NC, cells transfected with miR-19a-3p-mimics
showed significantly upregulated expression of N-cadherin and vimentin, and significantly downregulated expression of E-cadherin, and cells transfected with miR19a-3p-inhibitor showed significantly downregulated expression of N-cadherin and vimentin and significantly upregulated expression of E-cadherin; I: Western blot
results. Note: a indicates that in comparison with cells transfected with miR-NC, bP < 0.001; b indicates that in comparison with cells transfected with miR-19a-3pinhibitor, bP < 0.001. miR-NC: MiR negative control.

with miR-19a-3p-inhibitor were significantly smaller than those with miR-NC (all P
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Figure 3 Effects of Forkhead box F2 on proliferation, invasion, migration and epithelial-mesenchymal transition of colorectal cancer
cells. A: Forkhead box F2 (FOXF2) had low expression in colorectal cancer cells; B: Compared with cells transfected with MiR negative control (miR-NC), cells
transfected with sh-FOXF2 showed significantly upregulated expression of FOXF2, and cells transfected with si-FOXF2 showed significantly down-regulated
expression of FOXF2; C: Compared with cells transfected with miR-NC, cells transfected with si-FOXF2 showed significantly stronger cell proliferation ability, while
cells transfected with sh-FOXF2 showed significantly weaker cell proliferation ability; D: Compared with cells transfected with miR-NC, cells transfected with si-FOXF2
showed significantly stronger cell invasion ability, while cells transfected with sh-FOXF2 showed significantly weaker cell invasion ability; E: Compared with cells
transfected with miR-NC, cells transfected with si-FOXF2 showed significantly stronger cell invasion ability, while cells transfected with sh-FOXF2 showed
significantly weaker cell invasion ability; F: Compared with cells transfected with miR-NC, cells transfected with si-FOXF2 showed significantly up-regulated
expression of p-GSK-3β and β-catenin, and significantly down-regulated expression of GSK-3β and p-β-catenin, and cells transfected with Sh-FOXF2 showed
significantly downregulated expression of p-GSK-3β and β-catenin, and significantly upregulated expression of GSK-3β and p-β-catenin; G: Western Blot results; H:
Compared with cells transfected with miR-NC, cells transfected with si-FOXF2 showed significantly up-regulated expression of N-cadherin and vimentin, and
significantly down-regulated expression of E-cadherin, and cells transfected with sh-FOXF2 showed significantly down-regulated expression of N-cadherin and
vimentin and significantly up-regulated expression of E-cadherin; I: Western blot results. Note: a indicates that in comparison with cells transfected with miR-NC, bP <
0.001; b indicates that in comparison with cells transfected with sh-FOXF2, bP < 0.001. FOXF2: Forkhead box F2; miR-NC: MiR negative control.

< 0.001). In addition, mice infected with miR-19a-3p-inhibitor had significantly lower
miR-19a-3p expression than those infected with NC (P < 0.001), which suggested that
inhibiting miR-19a-3p expression can suppress tumor growth in vivo (Figure 6).
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Figure 4 Luciferase detection. A: Binding sites between miR-19a-3p and Forkhead box F2, and relative luciferase activity - dual luciferase reporter assay; B:
Expression of Forkhead box F2 in HT29 and HCT116 cells after transfection. aP < 0.001.

DISCUSSION
The biological characteristics of CRC cells affect the development of CRC. For
example, the changes in proliferation, invasion, migration, and apoptosis of tumor
cells affect and control tumor growth[17]. A large number of studies have concluded
that cell proliferation is an important vital sign of biological organisms, and consistent
proliferation, invasion and metastasis of tumor cells are the main causes of death for
patients with malignant tumor[18]. Recent studies have indicated that miRNAs are
strongly linked to various tumors, and play important roles in carcinogenesis and
tumor progression, because they can affect the proliferation, invasion, migration, and
apoptosis of tumor cells. One study confirmed that miR-19a-3p is abnormally and
increasingly expressed in CRC tissues, and the changes in miR-19a-3p expression can
affect the EMT of CRC cells[19], but the specific mechanism is not completely
understood. This study determined that one biological function of miR-19a-3p in CRC
cells is to regulate the FOXF2-mediated Wnt/β-catenin signaling pathway, thereby
providing a novel theoretical basis for diagnosing and treating CRC in molecular
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Figure 5 Rescue experiment. A: Cell proliferation ability after transfection with miR-19a-3p-mimics + sh-Forkhead box F2 (FOXF2) or miR-19a-3p-inhibitor + siFOXF2; B: Cell invasion ability after transfection with miR-19a-3p-mimics + sh-FOXF2 or miR-19a-3p-inhibitor + si-FOXF2; C: Cell migration ability after transfection
with miR-19a-3p-mimics + sh-FOXF2 or miR-19a-3p-inhibitor + si-FOXF2; D: Expression of p-GSK-3β, β-catenin, α-catenin,, GSK-3β and p-β-catenin in cells
transfected with miR-19a-3p-mimics + sh-FOXF2 or miR-19a-3p-inhibitor + si-FOXF2; E: Western blot map; F: Expression of E-cadherin, N-cadherin, and vimentin in
cells transfected with miR-19a-3p-mimics+sh-FOXF2 or miR-19a-3p-inhibitor+si-FOXF2; G: Western blot map; aP < 0.05 vs cells transfected with miR- negative
control or miR-19a-3p-mimics + sh-FOXF2 or with cells transfected with miR-19a-3p-inhibitor+si-FOXF2, bP < 0.001 vs cells transfected with miR-19a-3p-inhibitor.
FOXF2: Forkhead box F2.

biology.
In this study, we conducted qPCR to evaluate the expression of serum miR-19a-3p
in CRC patients and healthy individuals, and found that serum miR-19a-3p was
abnormally increased in CRC patients, in line with a study conducted by Jiang et al[20].
We also carried out relevant analyses on the clinicopathological features of the
patients, finding that high miR-19a-3p expression was correlated with age, sex, tumor
size, differentiation, TNM stage, and LNM of CRC patients. We drew a ROC curve for
miR-19a-3p, and found that its AUC was more than 0.8, suggesting that miR-19a-3p
had a high diagnostic value for CRC. Those findings indicated that miR-19a-3p is
correlated with the development and progression of CRC. A large number of studies
have confirmed that miRNA can affect the biological functions of cells by regulating
their target genes. For example, miR-19a-3p is reportedly able to target downstream
gene pairs to regulate the biological functions of cells[21,22]. We carried out our analyses
based on the TargetScan database, finding that there was a targeted relationship
between miR-19a-3p and FOXF2. We also analyzed the relationship between FOXF2
and clinicopathological characteristics of the patients, finding that low expression of
FOXF2 was correlated with clinicopathologic feature of CRC patients. Furthermore, we
drew a ROC curve for FOXF2, and found that its AUC was more than 0.8. FOXF2, as a
transcription factor, regulates the progression and differentiation of tumors, and is
involved in the changes of biological functions of various tumor cells[23]. It can affect
the cycle and other biological functions of CRC cells by regulating CRC cell genes[24]. In
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Figure 6 Effects of inhibiting miR-19a-3p expression on tumor growth in nude mice. A: Comparison between the two groups revealed that tumor
tissues with miR-19a-3p-inhibitor showed lower expression of miR-19a-3p; B: Comparison between the two groups revealed that the mice with miR-19a-3p-inhibitor
showed slower tumor growth rate; C: Comparison between the two groups revealed that the mice with miR-19a-3p-inhibitor showed lighter tumor weight; D:
Comparison between the two groups revealed that the mice with miR-19a-3p-inhibitor showed smaller tumor size. aP < 0.001.

this study, we analyzed FOXF2 expression in CRC cells based on the data from TCGA,
and found that CRC cells showed increased miR-19a-3p and decreased FOXF2
expression, which was consistent with the experimental results of this study,
suggesting that both may play regulatory roles in CRC. However, it remains unclear
whether there is a regulatory relationship between the two and their effects on the
EMT of CRC cells.
In order to verify these results, we performed additional cell experiments. We
compared human CRC cell lines (HT29, SW480, SW620, and HCT116) with the human
normal colonic epithelial cell line (FHC), and found that CRC cells showed higher
miR-19a-3p expression and lower FOXF2 expression, consistent with our previous
results. After the comparison, we regulated the expression of miR-19a-3p and FOXF2
in HT29 and HCT116 cells, and transfected miR-19a-3p-mimics, miR-19a-3p-inhibitor,
sh-FOXF2, and si-FOXF2 into HT29 and HCT116 cells, finding that cells with inhibited
miR-19a-3p expression or overexpressed FOXF2 expression showed significantly
suppressed cell proliferation and invasion abilities, and also showed decreased
expression of N-cadherin and vimentin, and significantly increased E-cadherin
expression during EMT. However, HT29 and HCT116 transfected with miR-19a-3pmimics and FOXF2-inhibitor showed opposite results. The occurrence and
development of tumors are closely related to the EMT, and can promote proliferation,
invasion, and migration of tumor cells. Therefore, the above results indicate that miR19a-3p acts as a potential target for CRC, and silencing of miR-19a-3p can suppress the

WJG

https://www.wjgnet.com

641

February 14, 2020

Volume 26

Issue 6

Yu FB et al. MiR-19a-3p on colorectal cancer cells

proliferation, invasion, migration, and EMT of CRC cells. Tumorigenicity in nude mice
in vitro revealed that miR-19a-3p overexpression was able to strongly promote tumor
formation and growth, which further indicated the function of miR-19a-3p changes in
CRC. However, it is not clear how miR-19a-3p affects the biological functions of CRC
cells and EMT.
One study demonstrated that activating the Wnt/β-catenin signaling pathway
exerts great effects on promoting EMT[25], and some studies have shown that, by
regulating the Wnt/β-catenin signaling pathway, FOXF2 can inhibit the proliferation,
migration, invasion, and EMT of cervical cancer Hela cells[26]. In this study, we
observed the Wnt/β-catenin signaling pathway-related proteins after inhibiting or
overexpressing miR-19a-3 in CRC cells, finding that cells with underexpressed miR19a-3p or overexpressed FOXF2 showed significantly downregulated levels of p-GSK3β, β-catenin, N-cadherin, and vimentin, and significantly upregulated levels of GSK3β, p-β-catenin, α-catenin, and E-cadherin. However, cells with overexpressed miR19a-3p or underexpressed FOXF2 presented with the opposite results. It suggests that
miR-19a-3p is able to suppress the activation of the Wnt/β-catenin signaling pathway
by regulating FOXF2, thereby inhibiting the EMT of cells. Studies on the Wnt signaling
pathway have also revealed that activating the Wnt/β-catenin signaling pathway can
promote the invasion and proliferation of esophageal squamous cell carcinoma,
nasopharyngeal carcinoma, as well as breast cancer cells, and induce their EMT [27-29].
At the end of the study, we performed a rescue experiment, and found no
significant differences between HT29 and HCT116 cells transfected with miR-19a-3pmimics + sh-FOXF2 and miR-19a-3p-inhibitor + si-FOXF2 and those transfected with
miR-NC regarding cell proliferation, invasion and migration, but cells transfected with
miR-19a-3p-mimics + sh-FOXF2 and miR-19a-3p-inhibitor + si-FOXF2 showed
significantly stronger abilities than those transfected with miR-19a-3p-inhibitor
regarding cell proliferation, invasion and migration, and significantly weaker cell
proliferation, invasion and migration abilities than those transfected with miR-19a-3pmimics. The results suggested that miR-19a-3p can target FOXF2. Therefore, the dual
luciferase reporter assay was conducted to verify the correlation of miR-19a-3 with
FOXF2. The results showed that overexpressing miR-19a-3 significantly increased the
luciferase activity of FOXF2-3’UT Wt, but had no effect on the activity of FOXF2-3’UTR
Mut. Moreover, cells transfected with miR-19a-3p-inhibitor showed significantly
upregulated FOXF2 expression, which indicated that there was a targeted regulatory
relationship between miR-19a-3p and FOXF2. Therefore, we believe that inhibiting the
expression of miR-19a-3p can affect the biological functions of CRC cells by promoting
the expression of FOXF2.
This study proved that with high expression in CRC cells, miR-19a-3p can inhibit
FOXF2-mediated cell proliferation. However, this study had some limitations. For
example, other factors that may affect the growth of tumors in mice were not been
further analyzed. The regulatory network of miR-19a-3p is still under investigation,
and whether it can affect the development and progression of tumors through other
mechanisms requires more research. Therefore, bioinformatics analysis is still ongoing
to explore the regulatory network, in order to provide more references for our
experiments. To summarize, miR-19a-3p can mediate changes of CRC cells by
regulating the FOXF2 expression, and it is of great significance to study molecular
targeted treatments for CRC.

ARTICLE HIGHLIGHTS
Research background
Colorectal cancer (CRC) has a high rate of mortality, and patients with this disease
often miss the optimal treatment period due to the lack of clinical symptoms of early
CRC, which affects their prognosis. At present, CRC is extremely difficult to prevent
and treat.

Research motivation
In this study, we studied the effects of regulating the Forkhead box F2 (FOXF2)mediated Wnt/β-catenin signaling pathway by miR-19a-3p on the biological functions
of CRC cells from the perspective of the mechanism of CRC, so as to explore the
changes in biological functions of CRC cells.
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Research objectives
This study evaluated the expression of miR-19a-3p and FOXF2 in patients with CRC
and the relevant mechanisms.

Research methods
Elbow venous blood was sampled from CRC patients and healthy individuals, and
blood serum was saved for later analysis. MiR-19a-3p-mimics, miR-19a-3p-inhibitor,
miR-NC, si-FOXF2, and sh-FOXF2 were transfected into HT29 and HCT116 cells. Then
quantitative polymerase chain reaction was applied to determine the expression of
miR-19a-3p and FOXF2 in HT29 and HCT116 cells, and Western blotting was
conducted to determine the expression of FOXF2, GSK-3β, p-GSK-3β, β-catenin, p-βcatenin, α-catenin, N-cadherin, E-Cadherin, and vimentin. The MTT, Transwell, and
wound-healing assays were applied to detect cell proliferation, invasion, and
apoptosis, respectively, and the dual luciferase reporter assay was used to determine
the relationship between miR-19a-3p and FOXF2.

Research results
MiR-19a-3p was highly expressed in the serum of the patients, while FOXF2 was lowly
expressed in them. MiR-19a-3p and FOXF2 were related to age, sex, tumor size, tumor,
node, metastasis staging, lymph node metastasis, and differentiation of patients with
CRC. Silencing of miR-19a-3p and over-expression of FOXF2 suppressed epithelialmesenchymal transition, proliferation, invasion, and migration of cells, and Western
blot assay supported that silencing of miR-19a-3p and over-expression of FOXF2
significantly suppressed epithelial-mesenchymal transition. Dual luciferase reporter
assay confirmed that there was a targeted relationship between miR-19a-3p and
FOXF2. Therefore, inhibiting the expression of miR-19a-3p can affect the biological
functions of CRC cells by promoting the expression of FOXF2.

Research conclusions
Inhibiting the expression of miR-19a-3p can affect the biological functions of CRC cells
by promoting the expression of FOXF2.

Research perspectives
It has been confirmed that inhibiting the expression of miR-19a-3p can up-regulate the
FOXF2-mediated Wnt/β-catenin signaling pathway, thus affecting the epithelialmesenchymal transition, proliferation, invasion, and migration of cells, so miR-19a-3p
is expected to be a potential therapeutic target for CRC.
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Abstract
BACKGROUND
Reports on bacterial infection (BI) in decompensated cirrhosis (DC) is mainly
from alcoholic cirrhosis. The role of BI as a trigger or complication of acute-onchronic liver failure (ACLF) in patients with hepatitis B virus decompensated
cirrhosis (HBV-DC) remains to be investigated.
AIM
To investigate the impact of BI on the outcomes of the patients with HBV-DC
admitted into the hospital with or without ACLF.
METHODS
This retrospective study included patients with HBV-DC admitted to two tertiary
centers in China. In-hospital overall survival, 90-d transplant-free survival, 5-year
post-discharge survival, and cumulative incidence of ACLF were evaluated. Risk
factors for death were analyzed considering liver transplantation as a competing
event.
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RESULTS
A total of 1281 hospitalized HBV-DC patients were included; 284 had ACLF at
admission. The overall prevalence of BI was 28.1%. The patients with BI had a
significantly lower in-hospital survival and transplant-free 90-d survival than
those without, in both the patients admitted with and without ACLF. The
presence of BI significantly increased the risk of developing ACLF [subdistribution hazard ratio (sHR) = 2.52, 95%CI: 1.75-3.61, P < 0.001] in the patients
without ACLF. In the patients discharged alive, those who had an episode of BI
had a significantly lower 5-year transplant-free survival. BI was an independent
risk factor for death in the patients admitted without ACLF (sHR = 3.28, 95%CI:
1.93-5.57), while in ACLF admissions, the presence of pneumonia, but not other
type of BI, independently increased the risk of death (sHR = 1.87, 95%CI: 1.242.82).
CONCLUSION
BI triggers ACLF in patients with HBV-DC and significantly impairs short-term
survival. HBV-DC patients should be monitored carefully for the development of
BI, especially pneumonia, to avoid an adverse outcome.
Key words: Hepatitis B virus; Cirrhosis; Decompensation; Bacterial infection; Acute-onchronic liver failure; Survival
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In our cohort of 1281 patients with hepatitis B virus-related decompensated
cirrhosis (HBV-DC), bacterial infection (BI) significantly reduced both short-term and
long-term survival independent of the presence of acute-on-chronic liver failure (ACLF)
and the severity of the underlying liver disease. BI precipitated ACLF in patients
admitted without this syndrome and in those with ACLF, BI was significantly associated
with a reduced rate of liver transplantation. Thus, our data suggest that patients with
HBV-DC should be monitored carefully for the development of BI to avoid an adverse
outcome.
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Chronic hepatitis B virus (HBV) infection remains a global health burden, affecting
257 million people and leading to 900 thousand deaths worldwide in 2015[1]. Most
deaths from HBV are related to complications of cirrhosis[1]. Bacterial infection (BI) is a
turning point in the natural course of cirrhosis[2]. BI is responsible for 30% of cases of
acute-on-chronic liver failure (ACLF) syndrome in patients admitted for acute
decompensation of cirrhosis mainly related to alcoholic liver disease[3]. It is also
reported that BI is a common precipitating event of HBV-ACLF[4,5], suggesting BI as a
trigger of extra-hepatic organ failure in the context of HBV-related decompensated
cirrhosis (HBV-DC) where hepatic organ failure is usually triggered by flare-up of
HBV in the absence of appropriate anti-viral management. Taken together, the
literature emphasizes the importance of BI prevention and control in patients
hospitalized with cirrhosis.
Currently, BI is investigated as a whole in the disease progression in patients with
HBV-DC, however, the data regarding source of acquisition, site of infection, and
their association with clinical outcome remains unknown. Further investigation of the
role BI as a complication of HBV-ACLF is also needed. Such investigations would be
particularly important in improving the current management of HBV-DC and ACLF,
especially in Asian countries where health care resources are relatively limited and
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access to liver transplantation is much more restricted. The aim of the current study
was to investigate the impact of BI on the outcomes of patients with HBV-DC
admitted into the hospital with or without ACLF.
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This study is part of a large retrospective cohort study from January 2005 to December
2010, which assessed the 5-year outcomes of patients with chronic HBV infection
admitted into the hospital. For the establishment of this cohort, patient’s charts were
identified from the hospital information system, which were reviewed by two
investigators from each center for cross-checking. The inclusion criteria were: (1) Age
between 18 and 80 years; (2) Chronic HBV infection (HBsAg positivity for ≥ 6 mo); (3)
Cirrhosis diagnosed according to biochemistry, radiology, endoscopic appearance,
and/or histopathology; and (4) Admitted with decompensating events: Ascites,
hepatic encephalopathy (HE), gastrointestinal variceal bleeding, and/or jaundice. The
exclusion criteria were: (1) Active solid organ malignancy; (2) Immunosuppressive
medications or co-infection with HIV; (3) Severe extra-hepatic comorbidities that
might impair short-term survival (e.g., chronic kidney disease on dialysis, chronic
obstructive pulmonary disease with respiratory failure, or coronary heart disease
grade III/IV using New York Heart Association classification); (4) Died, discharged,
or received liver transplantation within 48 h of admission; (5) Missing key data for
evaluating disease severity and ACLF diagnosis; and (6) Pregnancy.
A detailed flowchart for the patient selection is presented in Figure 1. Each patient
was included once (using the first encountered decompensation episode to either
center).
This study was conducted in accordance with the Declaration of Helsinki. The
study protocol was reviewed and approved with a waiver of written informed
consent by the Institutional Ethics Review Committee at Ruijin Hospital and Renji
Hospital. Oral informed consent was obtained from all of the patients and/or their
relatives for the usage of the clinical data.

Main definitions and variables
The study was aimed at investigating the prevalence, characteristics, and outcome of
BI in patients with HBV-DC. BI was considered both on admission and during
hospitalization. The diagnosis of BI was made by two independent investigators after
reviewing all patients’ information. Any discrepancy between the two investigators
was referred to a senior investigator for adjudication. Vital status and liver
transplantation information in patients discharged alive were collected via the
hospital information system or telephone contact. Previous antibiotics including
quinolones or rifaximin for the prophylaxis of spontaneous bacterial peritonitis (SBP)
or HE were not available in the patient’s records during the study period.
BI was diagnosed according to the conventional criteria[6]: (1) Pneumonia: New
radiological pulmonary infiltration with the presence of dyspnea, cough, purulent
sputum, pleuritic chest pain, or signs of consolidation; positive findings on
auscultation (rales or crepitation) or at least one sign of infection: Core body
temperature > 38 °C or < 36 °C, or leukocyte count > 10000/mm3 or < 4000/mm3 in
the absence of antibiotics; (2) SBP: Ascitic fluid polymorphonuclear cells > 250/mm3;
(3) Urinary tract infection (UTI): Urine leucocytes > 15/high-power field with either
positive urine Gram staining or culture; (4) Spontaneous bacteremia: Positive blood
cultures without a source of infection; (5) Softtissue/skin infection: Fever with
cellulitis; (6) Bacterial enterocolitis: Diarrhea with an increase in fecal leucocyte count
≥ 15/high-power field or a positive stool culture for Salmonella, Shigella, Yersinia,
Campylobacter, or pathogenic Escherichia coli; (7) Secondary bacterial peritonitis: Ascitic
fluid polymorphonuclear cells > 250/mm 3 in the presence of an intraabdominal
source of peritonitis and multiple organisms cultured from ascitic fluid; (8) Intraabdominal infections: Diverticulitis, appendicitis, and cholangitis; (9) Clostridium
difficile infection: Diarrhea with a positive Clostridium difficile assay; (10)
catheterrelated infection: Positive blood and catheter cultures; and (11) Unproven
infection: Presence of fever and leukocytosis requiring antibiotic therapy without any
identifiable source.
All BI episodes were categorized into community-acquired, if diagnosis was made
within 48 h of admission without hospitalizations in the previous 6 mo; healthcareassociated, if diagnosis was made within 48 h of admission with at least 2 d of
hospitalization in the previous 6 mo; or nosocomial infection, if diagnosis was made
beyond 48 h of admission[6].
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Figure 1

Figure 1 Flow chart for patient inclusion. HBV: Hepatitis B virus.

Diagnostic criteria for organ dysfunction and failure were based on the CLIF-COF
criteria[3,7]. ACLF was diagnosed according to the EASL-CLIF consortium definition[3],
which has been validated also in HBV-related cirrhosis[4,5].

Endpoints
The primary endpoint was in-hospital overall survival. The secondary endpoint
included: (1) 90-d transplant-free survival; (2) Liver transplant rate; (3) Five-year
transplant-free survival in patients discharged alive; and (4) Cumulative incidence of
ACLF during 28-d follow-up in patients admitted without ACLF.

Statistical analysis
Continuous data are described according to their distribution: mean ± SD for normal
distributions and median with interquartile range for skewed distributions.
Categorical data are presented as counts and percentages. Comparisons between two
groups were performed using Student’s t-test, Mann-Whitney U test, or χ2 or Fisher’s
exact test, as appropriate.
The in-hospital overall survival rate was compared using χ2 test. The cumulative
incidence of ACLF during hospitalization was calculated and compared between
patients with and without BI. In this analysis, liver transplantation or death before the
onset of ACLF was considered a competing event. Patients who were free of ACLF
throughout hospitalization were censored on the date of discharge. Comparisons of
cumulative incidence curves were performed using Gray’s test[8]. Transplant-free
survival probability was estimated and compared between patients with and without
BI in a similar way using competing risk method in which liver transplantation was
considered as a competing event and patients who were lost to follow-up were
censored on the date of last medication recorded in the hospital information system.
The proportional sub-distribution hazards regression model proposed by Fine and
Gray[8] was used to identify risk factors for mortality in a competing risk framework
where liver transplantation was considered as a competing event of death. The
standard Cox model was not applied in the current study, because Cox model does
not cover the competing effect of liver transplantation on death and therefore results
in upwards biased estimates[9]. Sub-distribution hazard ratio (sHR) is reported for
each factor. Factors that were significant in the univariate analysis were introduced
into the multivariate model with a backward elimination strategy. At each step of the
backward procedure, the variable that produced the largest value of the Bayesian
information criterion (BIC)[10] were removed. The procedure of elimination of effects
was considered finished when the removal of any further variable increased the BIC.
The final model was the one characterized by the lowest value of BIC.
All statistical analyses were performed using R 3.4.3 (http://www.r-project.org/).
A two-tailed P value < 0.05 was considered statistically significant.
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RESULTS
Patient characteristics
Among these 1281 patients, 1012 were male with a median age of 51 (interquartile
range, 42-57) years (Table 1). Thirty-seven percent of the patients were HBeAg
positive. The anti-viral treatment rate before admission was low (24.2%), contributing
to the development of decompensation in these cirrhotic patients. The most common
type of decompensation was ascites (85.8%) followed by jaundice (41.7%),
gastrointestinal variceal bleeding (26.2%), and encephalopathy (14.8%). Twenty-two
percent of patients fulfilled ACLF diagnosis upon admission as per the EASL-CLIF-C
criteria. Laboratory tests and severity scores are summarized in Table 1.
Three hundred and sixty (28.1%) patients were either admitted with or developed
BI (s) during their hospitalization. Among these 360 patients, 99 had documented
bacterial isolation (27.5%), and 56 bacterial isolates were Gram negative (56/99,
56.6%). Demographic and clinical characteristics, laboratory tests, and severity scores
of patients on admission were compared between the patients with and without BI
(Table 1). As expected, the patients with BI were systemically different from patients
without BI, mainly demonstrating more complications of cirrhosis, higher severity of
liver disease, and more ACLF. Part of the results were previously reported in a study
investigating the role of HBV flare in patients with cirrhosis and BI[11].

Primary endpoint-in-hospital overall survival
One hundred and eighty patients died while hospitalizing and the overall in-hospital
survival rate was 85.95%. The most common cause for death was multiple organ
failure without shock (56.7%), followed by septic shock (13.3%), hypovolemic shock
(10.6%), and other reasons (8.3%).
Patients with BI had a significantly lower survival rate than those without (68.61%
vs 92.73%, P < 0.001, Figure 2). The negative impact of BI on survival was independent
of disease stage as suggested by the subgroup analysis, showing that both patients
with and without ACLF had a significantly lower survival when BI occurred (Figure
2). It was also independent of the severity of liver disease as was shown by the
stratification analysis by the MELD score (Supplementary Figure 1). Patients with BI
mostly died from multiple organ failure (50.4%) and septic shock (38.1%), whereas
those without BI mostly died from multiple organ failure (67.2%), hypovolemic shock
(14.9%), and other reasons (16.4%).
Among all the 360 patients with BI, 76 (21%) or 136 (37.8%) patients had
community-acquired or healthcare-associated BI, respectively. The remaining 162
(45%) patients acquired BI during hospitalization, i.e., nosocomial infections. All these
three types of BI were significantly more prevalent in non-survivors than in survivors
(Table 2). Pneumonia was the most common infection followed by SBP, UTI,
spontaneous bacteremia, skin or soft tissue infection, and others (Table 2). Thirty-four
(9.4%) patients had more than one site of infection and 60 (16.7%) patients had BI with
unknown site. Non-survivors had significantly more pneumonia, SBP, and multisite
and unknown site of infection, but not UTI, spontaneous bacteremia, skin or soft
tissue infection, or others (Table 2).

Secondary endpoints
The negative impact of BI on survival was validated in the competing risk analysis
taking liver transplantation as a competing event for death. The 90-d transplant-free
survival was significantly lower in patients with BI than in those without, regardless
of the presence of ACLF on admission (Figure 3A). Moreover, the patients with BI had
a significantly lower rate of liver transplantation than those without (BI vs no BI:
10.00% vs 17.84%, P < 0.01), especially in the patients admitted with ACLF (BI vs no
BI: 9.74% vs 29.33%, P < 0.001) (Figure 3B). For the patients without ACLF before or at
the diagnosis of BI, the cumulative incidence of ACLF during follow-up was
significantly increased after the onset of BI (Figure 3C). A total of 913 patients were
discharged alive without receiving liver transplantation. Among them, 214 patients
had at least one episode of BI during their hospitalizations. These patients had a
significantly lower 5-year transplant-free survival compared to the patients who were
free of BI during hospitalization (Figure 3D).

Risk factors for in-hospital mortality
Univariate analysis of risk factors for in-hospital mortality was performed separately
in patients admitted with and without ACLF (Table 3). BI (sHR: 3.28), serum bilirubin
(sHR: 1.03), serum albumin (sHR: 0.46), and serum sodium (sHR: 0.93) at admission
were identified as independent predictors of in-hospital mortality in patients without
ACLF (Table 4). When the analysis was performed in patients admitted with ACLF,
pneumonia (sHR: 1.87), HE (sHR: 1.73), serum bilirubin (sHR: 1.03), and serum
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Table 1 Demographic and clinical characteristics, laboratory tests, and severity scores of patients on admission
Characteristic

All patients (n = 1281)

Without BI (n = 921)

With BI (n = 360)

P value

Median age (IQR) -yr

51 (42-57)

52 (43-57)

50 (42-57)

0.16

Male sex (%)

1012 (79)

726 (78.8)

286 (79.4)

0.88

Alcohol

142 (11.1)

102 (11.1)

40 (11.1)

1.00

Others

48 (3.7)

36 (3.9)

12 (3.3)

0.74

HBeAg positive HBV (%)1

421/1122 (37.5)

298/794 (37.5)

123/328 (37.5)

1.00

284/1176 (24.2)

183/851 (21.5)

101/325 (31.1)

< 0.001

Ascites

1099 (85.8)

773 (83.9)

326 (90.6)

< 0.01

Jaundice

534 (41.7)

297 (32.2)

237 (65.8)

< 0.001

Gastrointestinal variceal bleeding

336 (26.2)

280 (30.4)

56 (15.6)

< 0.001

Hepatic encephalopathy

190 (14.8)

82 (8.9)

108 (30)

< 0.001

ACLF at admission (%)

284 (22.2)

130 (14.1)

154 (42.8)

< 0.001

Log10 HBV DNA (copies/mL)3

4.7 (3.1-6.1)

4.8 (3-6.2)

4.6 (3.1-5.7)

0.33

Hemoglobin (g/L)

103 (83-121)

102 (82-119)

107 (87-127)

< 0.001

White cell count: × 109 cells/L

4.7 (2.9-7.5)

4.2 (2.7-6.1)

6.9 (4.3-10.9)

< 0.001

Platelet count: × 10 cells/L

63 (40-102)

60 (40-96)

70 (42-117.5)

< 0.01

International normalized ratio

1.6 (1.3-2)

1.4 (1.3-1.9)

1.8 (1.5-2.6)

< 0.001

Serum sodium (mmol/L)

136 (131.2-139)

136 (132.3-139.3)

134 (129-137)

< 0.001

Serum creatinine (mg/dL)

0.8 (0.7-1)

0.8 (0.7-1)

0.8 (0.6-1.1)

0.20

Aspartate aminotransferase (IU/L)

67 (42-124)

60 (40-107)

97 (56.5-192)

< 0.001

Alanine aminotransferase (IU/L)

47 (30-97)

42 (29-80)

67 (37-185.8)

< 0.001

Total bilirubin (mg/dL)

3.4 (1.5-15.5)

2.6 (1.4-8)

10.9 (3-27.4)

< 0.001

Serum albumin (g/dL)

2.8 (2.5-3.2)

2.9 (2.5-3.3)

2.8 (2.4-3.1)

< 0.001

Child-Pugh

11 (9-12)

10 (8-12)

12 (10-13)

< 0.001

MELD

16.8 (11.8-25.5)

14.8 (11.1-22.3)

24.4 (17.1-30.2)

< 0.001

Concomitant etiology of cirrhosis (%)

1

Experience of anti-HBV treatment (%)
Decompensations (%)2

Median value for laboratory tests (IQR)

9

Median value for severity scores (IQR)

1

Number/number of patients with available data.
Some patients had more than one decompensating event.
3
Analysis was performed in 1031 patients with available data. IQR: Interquartile range; ACLF: Acute-on-chronic liver failure; MELD: Model for end stage
liver disease; HBV: Hepatitis B virus.
2

albumin (sHR: 0.49) at admission were identified as independent predictors of death
(Table 4).

DISCUSSION
The current results were obtained in a large cohort of HBV-DC patients by analysis of
both short-term and long-term outcome. Data were collected systematically according
to a rigorous protocol with cross-checking. BI on admission and during
hospitalization was diagnosed according to the standard criteria to cover a broad
spectrum[6]. The data from our study could provide better knowledge of BI in patients
with HBV-DC that might have a positive impact on clinical practice.
This cohort is unique in that it consisted of 1281 patients with HBV-DC. The
development of DC in these HBV patients was largely due to the lack of anti-viral
treatment, as supported by our data that only 24% of the patients had an experience of
anti-HBV treatment. It further highlighted the barriers for care engagement in these
patients, which were rather complicated, including absence of clinical signs and
symptoms, fear of stigmatization, preference to traditional herbal medicine, and
inadequate HBV education from the health-care system[12]. In this cohort, BI was
diagnosed in 360 patients with an overall prevalence of 28%, which is as common as
in the alcoholic cirrhosis[13,14]. Our data demonstrated that patients with HBV-related
cirrhosis were also at a high risk of developing BI, suggesting that the susceptibility of
these patients to BI were mainly due to the increased bacterial translocation[15] and the
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Figure 2

Figure 2 Impact of bacterial infection on in-hospital overall survival according to the presence of acute-onchronic liver failure.aP < 0.05, bP < 0.01, cP < 0.001. ACLF: Acute-on-chronic liver failure; BI: Bacterial infection.

immuno-compromised state of cirrhotic patients which reduces their ability to fight
against infection[16]. It is also interesting to note that there was no significant difference
regarding the frequency and etiologies of bacterial infection, prevalence of ACLF as
well as survival rate among patients with isolated chronic HBV-related liver disease
vs those with concomitant alcoholic and HBV-related liver disease
(Supplementary Tables 1 and 2), suggesting a little impact of the etiology of cirrhosis
on the development of bacterial infection and associated outcome.
The presence of BI worsens the prognosis of cirrhosis as frequently reported in
alcoholic cirrhosis[17-19]. However, data is limited in viral cirrhosis until recently, and
the adverse effect of BI on survival was highlighted in compensated viral cirrhosis as
reported in the Civir cohort study from France, a multicenter longitudinal study on
compensated viral cirrhosis (79% HCV, 19% HBV, and 2% co-infection with
HBV/HCV)[20]. In this French study, the 5-year cumulative occurrence of BI was
13.6%, which is very close to that of the composite of all other complications (13.7%).
These BIs significantly increase the probability of hepatic decompensation and thus
increase mortality [20] . Our study, by the analysis of BI in HBV-DC, extended
knowledge in the following five aspects: First, the presence of BI significantly reduced
in-hospital overall survival and 90-d transplant-free survival and this negative impact
was independent of the presence of ACLF; second, BI was associated with a
significant reduction of liver transplantation rate, especially in patients admitted with
ACLF; third, the negative impact of BI on survival extended into the post-discharge
long-term period; fourth, BI precipitated ACLF in patients admitted without ACLF,
thus leading to a poorer short-term outcome. Fifth, Patients admitted with HBV-ACLF
in our cohort was at a higher risk of pneumonia which further independently
increased the risk of death.
These results provided robust clinical evidence that the presence of BI should be
considered as a major complication of cirrhosis which significantly impaired clinical
outcome both in HBV-DC patients with and without ACLF[21,22]. In this study, we
analyzed the impact of the source of acquisition and site of infection on the clinical
outcome but the type of bacteria according to the virulence or the susceptibility to the
antibiotics are the two topics not addressed in the current study. HCV infection is
beyond the scope of the current study, which will be investigated in future. It is also
not clear whether the prior antibiotics including quinolones or rifaximin for the
prophylaxis of SBP or HE play a role in the development of BI and affecting the
survival. Future studies are warranted.
In line with the survival analyses in our current study, BI was identified as an
independent risk factor for death in the multivariate analysis in HBV-DC patients
admitted without ACLF. Indeed in the patients without ACLF, the presence of BI
precipitates organ failures including hepatic, kidney, brain, circulation, and
respiratory systems [19] and these organ failures collectively contribute to the
development of ACLF, as was also confirmed in our current study. It is interesting to
note that pneumonia rather than other types of BI was identified as an independent
risk factor for death in patients admitted with ACLF. Similar findings were also
recently reported in the CANONIC study [13] and another single-center study in
Germany[21]. These results emphasized the role of pneumonia in worsening prognosis.
Preventative strategies for pneumonia, such as smoking cessation, prompt treatment
of upper airway infection, and oral hygiene care[23], are some of the measures that
could reduce the likelihood of pneumonia and hence decrease ACLF and its
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Table 2 Characteristics of bacterial infection according to in-hospital outcome
Characteristic

All patient (n = 1281)

Survivors (n = 1101)

Non-survivors (n = 180)

P value1

Bacterial infection

360 (28.1)

247 (22.4)

113 (62.8)

< 0.001

Community-acquired

76 (5.9)

58 (5.3)

18 (10)

0.02

Healthcare-associated

136 (10.6)

89 (8.1)

47 (26.1)

< 0.001

Nosocomial infection

162 (12.6)

107 (9.7)

55 (30.6)

< 0.001

Pneumonia

126 (9.8)

75 (6.8)

51 (28.3)

< 0.001

Spontaneous bacterial peritonitis

69 (5.4)

47 (4.3)

22 (12.2)

< 0.001

Urinary tract infection

29 (2.3)

26 (2.4)

3 (1.7)

0.79

Spontaneous bacteremia

16 (1.3)

14 (1.3)

2 (1.1)

1.00

Skin or soft tissue infection

9 (0.7)

7 (0.6)

2 (1.1)

0.37

Others2

17 (1.3)

15 (1.4)

2 (1.1)

1.00

Multi sites

34 (2.7)

20 (1.8)

14 (7.8)

< 0.001

Unknown site3

60 (4.7)

43 (3.9)

17 (9.4)

< 0.01

Source of acquisition

Single site

1

P value corresponds to the comparisons between survivors and non-survivors;
Other infections included cholangitis (n = 7), enterocolitis (n = 5), secondary bacterial peritonitis (n = 1), appendicitis (n = 1), spontaneous bacterial
empyema (n = 2), and spleen abscess (n = 1);
3
Unknown site denotes the presence of fever and leukocytosis requiring antibiotic therapy without any identifiable source.
2

associated mortality. Moreover, in the hospital, a well-functional environment and
equipment as well as effective program for infection prevention and control and
water, sanitation, and hygiene should be enhanced because it minimizes the spread of
the organism, particularly those resistant to multi-antibiotics, and reduces hospital
acquired infection by at least 30%[24].
The main limitation of the present study is its retrospective design. We, therefore,
chose in-hospital survival as the primary endpoint to avoid the missing information
on clinical outcome and the negative impact of BI on survival was validated with
various secondary endpoints to support the main findings. Due to the lack of systemic
assessment of respirovirus, we were not able to exclude the possibility that some
pneumonia we defined in this study are viral related. Some of the patients were
classified as BI based on clinical judgement without microbiology evidence. Although
we strictly adhered to the well-established diagnostic criteria[6], this could still be a
source of potential investigator bias. Leukopenia due to the cirrhosis associated
hypersplenism would also introduce false positive sign of infection[25] that was not
accounted for in the diagnostic criteria we used in the current study. Another
limitation is the lack of information about the resistance profile in our report which
has been recently shown to be related to clinical outcomes in patients with cirrhosis[26].
Future study should be performed in a multi-center prospective way to establish the
resistance profile of bacteria in the HBV-DC population.
In conclusion, BI is prevalent and a major risk factor for survival in our large HBVDC cohort. It is imperative to minimize/prevent the risk of BI, as this has a negative
impact on patient survival, extending well into the post-discharge period. Once BI is
suspected, proper antibiotic treatment should be initiated early to prevent adverse
outcomes.
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Table 3 Univariate competing risk analysis of risk factors for in-hospital survival
Without ACLF at admission

ACLF at admission

sHR (95%CI)

P value

sHR (95%CI)

P value

Age (yr)

1.01 (0.99-1.03)

0.22

1.02 (1.00-1.03)

0.03

Male sex (%)

1.37 (0.74-2.54)

0.32

0.97 (0.59-1.60)

0.91

Ascites (%)

2.88 (1.05-7.93)

0.04

1.11 (0.57-2.17)

0.76

V Gastrointestinal variceal bleeding (%)

0.65 (0.37-1.14)

0.13

0.64 (0.22-1.81)

0.40

Hepatic encephalopathy (%)

0.96 (0.36-2.57)

0.93

1.90 (1.28-2.83)

< 0.01

Jaundice (%)

5.10 (3.10-8.39)

< 0.001

2.45 (1.20-5.03)

< 0.001

Bacterial infection (%)

4.94 (3.08-7.94)

< 0.001

2.34 (1.52-3.59)

< 0.001

Pneumonia (%)

4.79 (2.86-8.03)

< 0.001

2.06 (1.39-3.05)

< 0.001

Spontaneous bacterial peritonitis (%)

4.05 (2.19-7.48)

< 0.001

1.49 (0.88-2.53)

0.13

Urinary tract infection (%)

0.94 (0.23-3.81)

0.93

1.34 (0.67-2.68)

0.41

HBeAg positive HBV (%)

0.92 (0.56-1.54)

0.76

1.08 (0.78-1.63)

0.70

Log10 HBV DNA (copies/mL)

1.04 (0.90-1.21)

0.57

1.10 (0.96-1.25)

0.18

White cell count (× 109 cells/L)

1.11 (1.07-1.16)

< 0.001

1.04 (1.01-1.06)

0.02

Total bilirubin (mg/dL)

1.05 (1.03-1.06)

< 0.001

1.02 (1.01-1.03)

< 0.01

Serum creatinine (mg/dL)

1.87 (0.59-5.93)

0.29

1.05 (0.96-1.15)

0.25

International normalized ratio

1.97 (1.56-2.49)

< 0.001

1.09 (0.93-1.29)

0.31

Serum albumin (g/dL)

0.41 (0.27-0.64)

< 0.001

0.63 (0.45-0.88)

< 0.01

Serum sodium (mmol/L)

0.91 (0.88-0.93)

< 0.001

0.98 (0.95-1.01)

0.14

Parameters

sHR: Subdistribution hazard ratio; CI: Confidence interval; ACLF: Acute-on-chronic liver failure; HBV: Hepatitis B virus.

Table 4 Multivariate competing risk analysis of risk factors for in-hospital survival
Parameters

Estimate

Standard error

sHR (95%CI)

P value

Without ACLF at admission
Bacterial infection

1.1872

0.2708

3.28 (1.93-5.57)

< 0.001

Total bilirubin at admission

0.0292

0.0104

1.03 (1.01-1.05)

< 0.01

Albumin at admission

-0.7695

0.2357

0.46 (0.29-0.74)

< 0.01

Sodium at admission

-0.0738

0.0178

0.93 (0.9-0.96)

< 0.001

ACLF at admission
Pneumonia

0.6250

0.2106

1.87 (1.24-2.82)

< 0.01

Hepatic encephalopathy

0.5453

0.2068

1.73 (1.15-2.59)

< 0.01

Total bilirubin at admission

0.0277

0.0081

1.03 (1.01-1.04)

< 0.001

Albumin at admission

-0.7110

0.1945

0.49 (0.34-0.72)

< 0.001

sHR: Subdistribution hazard ratio; CI: Confidence interval; ACLF: Acute-on-chronic liver failure.
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Figure 3

Figure 3 Impact of bacterial infection on 90-d transplant-free survival, liver transplantation rate, development of acute-on-chronic liver failure, and 5-year
post-discharge transplant-free survival. A: The 90-d transplant-free survival was significantly lower in patients with bacterial infection (BI) than in those without; B:
The patients with BI had a significantly lower rate of liver transplantation than in those without; C: The cumulative incidence of ACLF during follow-up was significantly
increased after the onset of BI; D: These patients had a significantly lower long term transplant-free survival compared to the patients who were free of BI during
hospitalization. aP < 0.05, bP < 0.01, cP < 0.001. ACLF: Acute-on-chronic liver failure; BI: Bacterial infection.

ARTICLE HIGHLIGHTS
Research background
Most deaths from hepatitis B virus (HBV) infection are related to complications of cirrhosis,
among which bacterial infection (BI) frequently develops in decompensated cirrhosis (DC) as
reported in Western countries where alcoholic cirrhosis is frequent.

Research motivation
Investigation on BI in patients with HBV-DC would be particularly important in improving the
current management of HBV-DC and acute-on-chronic liver failure (ACLF), especially in Asian
countries where health care resources are relatively limited and access to liver transplantation is
much more restricted.

Research objectives
To investigate the impact of BI on the outcomes of patients with HBV-DC admitted into the
hospital with or without ACLF.

Research methods
This retrospective study included the patients with HBV-DC admitted to two tertiary centers in
China. In-hospital overall survival, 90-d transplant-free survival, 5-year post-discharge survival,
and cumulative incidence of ACLF were evaluated. Risk factors for death were analyzed
considering liver transplantation as a competing event.
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Research results
A total of 1281 hospitalized HBV-DC patients were included; 284 had ACLF at admission. The
overall prevalence of BI was 28.1%. The patients with BI had a significantly lower in-hospital
survival and transplant-free 90-d survival than those without, in both the patients admitted with
and without ACLF. The presence of BI significantly increased the risk of developing ACLF [subdistribution hazard ratio (sHR) = 2.52, 95%CI: 1.75-3.61, P < 0.001)] in the patients without ACLF.
In the patients discharged alive, those who had an episode of BI had a significantly lower 5-year
transplant-free survival. BI was an independent risk factor for death in the patients admitted
without ACLF (sHR = 3.28, 95%CI: 1.93-5.57), while in ACLF admissions, the presence of
pneumonia, but not other type of BI, independently increased the risk of death (sHR = 1.87,
95%CI: 1.24-2.82).

Research conclusions
BI triggers ACLF in patients with HBV-DC and significantly impairs short-term survival.

Research perspectives
It is imperative to minimize/prevent the risk of BI, as this has a negative impact on patient
survival, extending well into the post-discharge period. Once BI is suspected, proper antibiotic
treatment should be initiated early to prevent adverse outcomes.
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AIM
To investigate the correlations between prognostic systems and radiological
response, compare the predictive abilities, and integrate them in sequence for
outcome prediction.
METHODS
This nationwide multicenter retrospective cohort consisted of 1107 unresectable
HCC patients in 15 Chinese tertiary hospitals from January 2010 to May 2016. The
Hepatoma Arterial-embolization Prognostic (HAP) score system and its modified
versions (mHAP, mHAP2 and mHAP3), as well as the six-and-twelve criteria
were compared in terms of their correlations with radiological response and
overall survival (OS) prediction for first TACE. The same analyses were
conducted in 912 patients receiving re-TACE to evaluate the ART (assessment for
re-treatment with TACE) and ABCR (alpha-fetoprotein, Barcelona Clinic Liver
Cancer, Child-Pugh and Response) systems for post re-TACE survival (PRTS).
RESULTS
All the prognostic systems were correlated with radiological response achieved
by first TACE, and the six-and-twelve criteria exhibited the highest correlation
(Spearman R = 0.39, P = 0.026) and consistency (Kappa = 0.14, P = 0.019), with
optimal performance by area under the receiver operating characteristic curve of
0.71 [95% confidence interval (CI): 0.68-0.74]. With regard to the prediction of OS,
the mHAP3 system identified patients with a favorable outcome with the highest
concordance (C)-index of 0.60 (95%CI: 0.57-0.62) and the best area under the
receiver operating characteristic curve at any time point during follow-up;
whereas, PRTS was well-predicted by the ABCR system with a C-index of 0.61
(95%CI: 0.59-0.63), rather than ART. Finally, combining the mHAP3 and ABCR
systems identified candidates suitable for TACE with an improved median PRTS
of 36.6 mo, compared with non-candidates with a median PRTS of 20.0 mo (logrank test P < 0.001).
CONCLUSION
Radiological response to TACE is closely associated with tumor burden, but
superior prognostic prediction could be achieved with the combination of
mHAP3 and ABCR in patients with unresectable liver-confined HCC.
Key words: Transarterial chemoembolization; Hepatocellular carcinoma; Prognostic
system; Radiological response; Overall survival; Predictive ability
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Core tip: There are several prognostic systems for the prediction of treatment outcome
following transarterial chemoembolization for hepatocellular carcinoma; however, their
discriminatory abilities in real-world patients need to be validated and compared to select
the optimal system for clinical decision-making. We found that the six-and-twelve
criteria were closely correlated with radiological response, modified Hepatoma Arterialembolization Prognostic version 3 predicted overall survival best, and ABCR (alphafetoprotein, Barcelona Clinic Liver Cancer, Child-Pugh and Response) was a reliable
predictive system for post repeated transarterial chemoembolization survival. The
sequential combination of these systems performed well in outcome prediction.
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INTRODUCTION
According to the Barcelona Clinic Liver Cancer (BCLC) staging system and current
treatment guidelines, transarterial chemoembolization (TACE) is the first-line
treatment option for intermediate hepatocellular carcinoma (HCC) with
asymptomatic, large or multifocal unresectable nodules in the absence of
macrovascular invasion (MVI) or extrahepatic metastasis (EHS)[1-3]. However, the
treatment outcome of TACE varies greatly, with median survival ranging from 13 to
43 mo[4,5]. Apart from the differences in TACE techniques, it is universally recognized
that such a wide variation in survival results from an intrinsic disease heterogeneity
including the degree of liver dysfunction, tumor burden and other factors under the
general term of “intermediate HCC”, which have not been adequately captured by
current staging systems[6,7]. Moreover, the current use of TACE in clinical practice
exceeds guideline recommendations, covering not only patients with unresectable
early HCC, but also those with liver-confined advanced diseases[8,9].
Several prognostic algorithms have been proposed to address the clinical
heterogeneity of HCC patients receiving TACE[10]. Typically, the Hepatoma Arterialembolization Prognostic (HAP) score was proposed and has been modified into three
different versions (mHAP, mHAP2 and mHAP3), and target unresectable HCC
patients treated with TACE for outcome prediction[11-14]. However, these prediction
systems derived from a highly heterogeneous population, and their predictive values
remain controversial in the majority of patients treated with TACE in the real world
(patients with unresectable early, intermediate and liver-confined advanced stage).
Recently, the “six-and-twelve” (6&12) criteria were proposed by our team to predict
treatment outcomes in guideline-recommended patients treated with TACE. This
prognostic model was “linear predictor = largest tumor diameter (cm) + tumor
number” and could divide patients enrolled into 3 risk stratifications with the cut-off
values “6” and “12”, which may provide an easy-to-use tool (a Nomogram developed
based on statistical results) for classification and individual survival prediction[5].
However, the prognostic ability of the 6&12 should be investigated in a larger
population. In addition, the ART (assessment for re-treatment with TACE) and ABCR
(alpha-fetoprotein (AFP), BCLC, Child-Pugh and Response) systems were proposed
for outcome prediction of repeated TACE (re-TACE)[15,16]. Despite the development of
these prognostic systems, there is no consensus regarding their clinical significance
due to the absence of real-world validations and comparisons.
We carried out this nationwide multicenter study with the aim of externally
validating the existing prognostic systems for TACE, investigating their correlations
with radiological response, comparing their predictive abilities regarding survival
and identifying the optimal combination of scoring systems for first TACE and reTACE in real-world HCC patients.
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MATERIALS AND METHODS
Study population
A total of 2978 cases were extracted from a nationwide database of HCC patients
treated with TACE at 15 Chinese tertiary hospitals between January 2010 and May
2016. HCC was diagnosed by either histological or imaging evaluations according to
the American Association for the Study of Liver Diseases / European Association for
the Study of the Liver (AASLD/EASL) guidelines. Patients meeting one of the
following criteria were excluded: (1) Any previous HCC-related treatments; (2)
Presence of MVI and/or EHS; (3) Child-Pugh score > 7 or decompensation; (4) Eastern
Cooperative Oncology Group performance status score > 1; (5) Diffuse tumor; (6)
Additional systemic treatment; and (7) Absence of baseline information or imaging. In
total, 1107 patients were included, and 912 of these patients received re-TACE (Figure
1). The study protocol conformed to the ethical guidelines of the 1975 Declaration of
Helsinki and was approved by the institutional Ethics Committee of the First
Affiliated Hospital of the Fourth Military Medical University; patients were not
required to give informed consent for this study because the analysis used
anonymous clinical data that were obtained after each patient agreed to treatment by
written consent.

TACE treatment and follow-up
Treatment decisions were made at the discretion of the multidisciplinary liver tumor
boards in each enrolled institution on the basis of following treatment guidelines.
Before TACE, digital subtraction angiography (DSA) of the hepatic artery was
performed to assess the vascular anatomy and tumor vascularity. During TACE, a
vascular catheter was selectively inserted into the tumor-feeding artery followed by
an injection containing a mixture of doxorubicin (10-50 mg) and lipiodol (2–20 mL),
and then embolization using gelatin sponge particles. Laboratory assessment was
carried out every four to six weeks after the procedure. Radiologic evaluation using
the modified Response Evaluation Criteria in Solid Tumors (mRECIST) was
performed on the fourth and eighth week after TACE and every eight weeks
thereafter using contrast-enhanced computed tomography (CT) or magnetic
resonance imaging (MRI). However, in clinical practice, the intensity of follow-up
depended on individuals’ baseline characteristics (including kidney function) and
responses to the last treatment, i.e., on demand. Thus, not all patients strictly stuck to
this imaging follow-up schedule. Moreover, no contrast-induced nephropathy was
observed in the current cohort. For patients with residual viable lesions or local
and/or distant intrahepatic recurrences during follow-up, on-demand re-TACE
sessions were carried out; and TACE therapy was discontinued when persistent
disease progression occurred after two sessions according to imaging assessments.
Once patients entered advanced stage according to the specialized assessment, they
would receive the recommended treatment according to the national guidelines
including systemic therapies and best support care. Then, follow-up was continuously
conducted by local investigators until a terminal event occurred or loss of follow-up.

Prognostic scoring, risk stratification and candidate identification
According to the baseline characteristics, the prognostic scores based on HAP[11],
mHAP[12], mHAP2[13], mHAP3[14] and the 6&12 criteria[5] were calculated, respectively
(Table 1). Risk stratification and candidate identification based on HAP, mHAP and
mHAP2 were obtained according to previous literature. For comparability, the
quartiles and medians of the continuous scores of mHAP3 and the 6&12 criteria were
used to divide patients into four risk strata and to distinguish candidates from noncandidates. For outcome prediction after re-TACE, calculation of the predictive score,
patient stratification related to death risk, and identification of potential candidates
were conducted according to patient characteristics before re-TACE according to
ART[15], and ABCR[16]. The outcome evaluation of first TACE treatment was based on
overall survival (OS), which was defined as the time from first TACE to death or the
end of the study; whereas assessment of re-TACE effectiveness was based on post reTACE survival (PRTS), which was defined as the time from the second TACE session
to death or the end of the study.

Statistical analysis
Categorical variables were described as frequencies and percentages, and continuous
data as the median with interquartile range. Median OS was estimated using
Kaplan–Meier curves and compared by the log-rank test. The accompanying hazard
ratio (HR) was estimated for each prediction system using the Cox proportional
hazard regression model. Receiver operating characteristic (ROC) curves were used to
evaluate the correlation between prediction systems and radiological response; and
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Figure 1

Figure 1 Flowchart of the patient selection process. HCC: Hepatocellular carcinoma; TACE: Transarterial
chemoembolization.

time-dependent area under the ROC curve (AUROC) curves were used to compare
the discriminatory abilities for survival at different follow-up time points. The
Spearman test and Kappa value were used to evaluate correlation and consistency
between prediction systems and response. To determine the optimal prognostic
system, the concordance (C)-index and likelihood ratio (LR) were calculated for each
predictive score to evaluate the prognostic value regarding OS. Statistical analyses
were conducted using SPSS software version 17.0 (SPSS Inc., Chicago, IL, United
States) and R version 3.3.1 (R Foundation for Statistical Computing, Vienna, Austria).

RESULTS
Patient characteristics
The study cohort consisted of 1107 HCC patients receiving at least one session of
TACE, and their baseline characteristics are described in Table 2. The median age was
57 years, and hepatitis B virus infection was the main etiology of HCC. In addition,
912 patients with more than one TACE session were included in the analysis of reTACE. The median number of TACE sessions was 3 in both the whole cohort and in
those patients treated with repeated TACE.

Correlations between prediction scores and radiological response
The median scores for HAP, mHAP, mHAP2, mHAP3, and the 6&12 criteria are
shown in Table 3. The patients were divided into four groups (grade A, B, C and D)
based on the risk score; however, to compare methodology, the quartiles of the
mHAP3 (0.05, 0.41, 0.83) and 6&12 criteria (7.5, 9.7, 12.9) were used to divide the
patients into four grades of risk stratification. With regard to radiological response,
149 (13.5%) patients had a complete response (CR), 441 (39.8%) had a partial response
(PR), 299 had stable disease (SD) and 218 had progressive disease (PD); the response
rate (CR and PR) reached 53.3%. Compared with the other scoring systems, the 6&12
criteria had the highest correlation (Spearman R = 0.39, P = 0.026) and consistency
(Kappa = 0.14, P = 0.019) with treatment response to the first TACE. In the ROC
analysis, the AUROC of the 6&12 score for predicting treatment response reached 0.71
[95% confidence interval (CI): 0.68-0.74] and 0.66 (95%CI: 0.63-0.69), which was better
than those of the other systems (Figure 2A and 2B).

Predictive abilities of the prediction systems for first TACE
According to the prediction systems, patients with A and B grade of risk stratification
were considered candidates for TACE; otherwise, they were considered non-
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Table 1 Summary of the prognostic scoring systems (points)
Risk
stratification

Candidates

1

HAP A

0

Yes

1

HAP B

1

Tumor diameter > 7 cm

1

HAP C

2

Bilirubin > 17 μmol/L

1

HAP D

3-4

Albumin < 36 g/L

1

mHAP A

0

AFP > 400 ng/dL

1

mHAP B

1

Tumor diameter > 7 cm

1

mHAP C

2

mHAP D

3

Albumin < 36 g/L

1

mHAP2 A

0

AFP > 400 ng/mL

1

mHAP2 B

1

Tumor diameter > 7 cm

1

mHAP2 C

2

Tumor number ≥ 2

1

mHAP2 D

3-5

Bilirubin > 0.9 mg/dL

1

Prognostic system

Constituents

HAP

Albumin < 36 g/L
AFP > 400 ng/mL

mHAP

mHAP2

mHAP3

6&12

ART

ABCR

No

Yes

No

Yes

No

The prognostic index (PI) formula: (0.104 × size in cm) + [0.3089 × number (single
nodule = 1; 2-3 nodules = 2; more than three nodules = 3)] + (0.2185 × Log10AFP in
ng/mL) - (0.4049 × Albumin in g/dL) + (0.1506 × Bilirubin in mg/dL)

< Median PI

Yes

≥ Median PI

No

Score = Tumor size in cm + Tumor number

< Median Score

Yes

≥ Median Score

No

0-1.5

Yes

≥ 2.5

No

≤2

Yes

≥3

No

Absence of radiologic response

1

AST increase >25 %

4

Child-Pugh increase: 1 point

1.5

≥ 2 points

3

Presence of radiologic response

-3

AFP ≥ 200 ng/mL

1

BCLC B

2

BCLC C

3

Child-Pugh increase: ≥ 2 points

2

BCLC: Barcelona Clinic Liver Cancer; HAP: Hepatoma Arterial-embolization Prognostic; mHAP: Modified HAP; 6&12: Six-and-twelve criteria; ART:
Assessment for re-treatment with TACE; ABCR: Alpha-fetoprotein, BCLC stage, Child-Pugh and Response.

candidates (Table 4). Similarly, in the mHAP3 and 6&12 systems, patients in groups A
and B were defined as candidates, and those in groups C and D were considered noncandidates. As shown in Table 3, all five prediction systems identified the TACEcandidates with improved OS from non-candidates (P < 0.001). However, the mHAP3
system had the highest discriminatory ability (C-index 0.60, 95%CI: 0.57-0.62), as well
as optimal homogeneity within the classification (LR χ2 = 57.5). More importantly, the
mHAP3 system had the highest AUROC according to the time-dependent ROC
analysis (Figure 3A). Based on the mHAP3, there were 554 TACE candidates with a
median OS of 33.8 mo and 553 non-candidates with a median OS of 17.2 mo; Cox
regression analysis also demonstrated that candidates defined by the mHAP3 system
had an almost 50% reduced risk of death compared to non-candidates (HR = 0.52,
95%CI: 0.44-0.62, P < 0.001).

Predictive abilities of the scoring systems for re-TACE
Based on the ART score, the 912 available patients were divided into two groups, 646
were candidates and 266 were non-candidates (Table 4). However, no significant
difference in PRTS was detected between these two groups of patients (27.0 mo vs 23.7
mo, log-rank test P = 0.222). In the ABCR assessment, the 600 candidates reached a
median PRTS of 33.1 mo, which was longer than the 16.4 mo in 312 non-candidates
(log-rank test P < 0.001). In addition, the Cox regression analysis showed that the
candidates based on the ABCR had a more than 50% reduced risk of death compared
with non-candidates (HR = 0.47, 95%CI: 0.39-0.57, P < 0.001). Compared with ART,
the ABCR system had a better C-index, LR χ2, and time-dependent AUROC at any
follow-up time point (Table 4 and Figure 3B).

Combination of mHAP3 and ABCR for candidate identification
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Table 2 Baseline characteristics of patients treated with first TACE and before repeated TACE, n
(%) / Median [IQR]
Study cohort
Characteristics
TACE (n = 1107)

Re-TACE (n = 912)

Male

971 (87.7)

801 (87.8)

Female

136 (12.3)

111 (12.2)

Age (year)

57 [47-65]

57 [47-65]

HBV

1004 (90.7)

832 (91.2)

Non-HBV

103 (9.3)

80 (8.8)

≤7

459 (41.5)

389 (42.7)

> 7-≤ 10

309 (27.9)

247 (27.1)

> 10

339 (30.6)

276 (30.2)

1

556 (50.2)

444 (48.7)

2

244 (22.0)

212 (23.2)

≥3

307 (27.7)

256 (28.1)

< 400

626 (56.5)

523 (57.3)

≥ 400

481 (43.5)

389 (42.7)

A5

823 (74.3)

688 (75.4)

A6

217 (19.6)

174 (19.1)

B7

67 (6.1)

50 (5.5)

0

639 (57.7)

529 (58.0)

1

468 (42.3)

383 (42.0)

White blood cells, 109/L

5.9 [4.4-8.2]

5.7 [4.3-7.5]

9

Platelets, 10 /L

140 [95-199]

140 [94-197]

International normalized ratio

1.1 [1-1.1]

1.1 [1-1.1]

Alanine aminotransferase, U/L

46 [28-57]

45 [28-59]

Aspartate aminotransferase, U/L

50 [34-73]

50 [34-72]

Albumin, g/L

39.4 [36.1-43.2]

39.5 [36.2-43.3]

Total bilirubin, μmol/L

16.4 [12.0-22.9]

16.3 [12.0-22.4]

Blood urea nitrogen, mmol/L

5.6 [4.6-6.2]

5.6 [4.5-6.3]

Serum creatinine, μmol/L

72 [63-83]

72 [63-83]

Sessions of TACE

3 [2-4]

3 [2-4]

Gender

Etiology

Largest tumor diameter, cm

Number of tumors

Alpha-fetoprotein, ng/mL

Child-Pugh score

ECOG score

TACE: Transarterial chemoembolization; re-TACE: Repeated TACE; HBV: Hepatitis B virus; ECOG: Eastern
Cooperative Oncology Group.

Considering that mHAP3 had the highest prognostic value for first TACE and ABCR
was correlated with treatment outcome in patients receiving re-TACE, we combined
the two scoring systems to stratify the patients treated with TACE. In general, for
patients receiving at least two sessions of TACE, 374 patients who were both
candidates of first TACE defined by mHAP3 and re-TACE defined by ABCR were
considered candidates, while the other 538 patients were non-candidates. According
to the survival analysis, candidates achieved better outcomes compared with noncandidates with a median PRTS of 36.6 vs 20.0 mo (P < 0.001) (Figure 4).

DISCUSSION
The strengths and novelty of the current study are as follows: (1) Validation of the
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Figure 2

Figure 2 Receiver operating characteristic curves for evaluating the radiological correlations of the scoring systems. A: Correlations between radiological
response and predicting scores; B: Correlations between radiological response and risk stratifications based on the predictive systems for first transarterial
chemoembolization. HAP: Hepatoma Arterial-embolization Prognostic; mHAP: Modified HAP; 6&12: Six-and-twelve criteria.

prognostic values of the prediction systems for first and re-TACE in unresectable
Chinese HCC patients; (2) Determination of the correlations between the prediction
systems and radiological response after the first TACE; (3) A comparison of the
discriminatory values of these prediction systems in a time-dependent manner; and
(4) Integration of the systems in sequence to identify candidates for TACE therapy.
According to the treatment guidelines for HCC, TACE is recommended as standard
treatment for intermediate HCC[2,3]. However, its clinical application widely exceeds
this recommendation in real-world practice, and the heterogeneity of TACE-treated
HCC has consequently resulted in the variance in treatment outcomes [7-10] . As a
prognostic model with indicators including albumin, bilirubin, AFP and tumor
diameter, the HAP scoring system could achieve risk stratifications for patients
undergoing initial TACE[11]. Thereafter, Pinato et al[12] removed serum bilirubin from
HAP, as its performance appeared inferior to other parameters, and then proposed
the mHAP score. To improve the accuracy of prognosis classification, the mHAP2 was
developed with the addition of tumor number as a predictor and adjustment of the
cut-off for serum bilirubin[13]. Furthermore, the mHAP3 score proposed an individual
prognostic model for outcome prediction in a continuous manner for each patient
with unresectable HCC[14]. However, the HAP system and its modified versions were
derived from populations with flexible inclusion criteria and even included patients
with MVI. In contrast, our previously proposed 6&12 criteria adopted strict inclusion
criteria focusing on the guideline-recommended patients, and excluded those with
advanced disease but liver-confined HCC [5] . Nevertheless, TACE was mainly
performed in unresectable liver-confined disease regardless of intermediate or
advanced stages[8]. Consequently, we investigated the performance of these prediction
systems in such a group of patients. More importantly, the current study determined
their associations with radiological response for the first time, demonstrating that the
6&12 criteria had the highest correlation with treatment response, indicating that the
most important predictive factor for imaging response was tumor burden.
Interestingly, the 6&12 criteria were not better than the HAP system and its modified
versions when predicting OS. When comparing their scope of application, the 6&12
criteria were generated in guideline-recommended TACE candidates who had little
heterogeneity in terms of liver function and performance status, as well as other
characteristics, which was different from the HAP and other systems. Consequently,
when predicting OS in the current study population with significant heterogeneity,
the 6&12 criteria may not have been sufficiently comprehensive. In contrast, with the
inclusion of more relative factors for calculating continuous predictive scores, the
mHAP3 system performed better than the others in predicting OS.
For the evaluation of re-TACE treatment, the ART system consisting of factors
related to radiological response, as well as changes in aspartate aminotransferase and
Child-Pugh score was used to assess suitability for subsequent TACE[15]; nevertheless,
the ABCR score selected AFP, BCLC-stage, points increase in Child-Pugh and tumor
response as variable parameters, to provide better patient selection for re-TACE[16].
According to current analyses, the ABCR system showed a good association with
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Table 3 Correlations between radiological response and prognostic systems for first transarterial chemoembolization
Radiological response, n
Prognostic system
HAP

Score, median [IQR]
2 [1-2]

mHAP

1 [1-2]

mHAP2

2 [2-3]

mHAP3

0.41 [0.05-0.83]

6&12

9.7 [7.5-12.9]

Grade
CR

PR

SD

PD

Total

A

42

55

26

10

133

B

50

157

83

42

332

C

39

157

109

92

397

D

18

72

81

74

245

A

56

101

43

15

215

B

64

198

116

80

458

C

25

126

120

96

367

D

4

16

20

27

67

A

13

11

7

2

33

B

50

91

53

19

213

C

50

180

98

58

386

D

36

159

141

139

475

A

68

129

61

18

276

B

48

119

65

46

278

C

26

122

72

56

276

D

7

71

101

98

277

A

70

114

51

22

257

B

58

145

56

46

305

C

18

114

85

54

271

D

3

68

107

96

274

Spearman R (P value)

Kappa (P value)

0.27 (0.028)

0.10 (0.020)

0.29 (0.028)

0.10 (0.020)

0.27 (0.028)

0.07 (0.017)

0.27 (0.028)

0.10 (0.020)

0.39 (0.026)

0.14 (0.019)

HAP: Hepatoma Arterial-embolization Prognostic; mHAP: Modified HAP; 6&12: Six-and-twelve criteria; ART: Assessment for re-treatment with
transarterial chemoembolization; ABCR: Alpha-fetoprotein, BCLC stage, Child-Pugh and Response.

PRTS, but ART showed inferior performance. Although the radiological response and
changes in liver function were included in both systems, there may be differences as
the ABCR system included the AFP change and BCLC stage. Several studies have
reported that the change in AFP after TACE was correlated with treatment
effectiveness[17,18]; and the inclusion of BCLC stage reflected the detailed radiological
response, especially the pattern of PD (intrahepatic or extrahepatic progression)[19].
Consequently, the ABCR system may be more reliable for the evaluation of treatment
outcome following re-TACE.
Finally, considering the predictive abilities of the mHAP3 and ABCR systems, the
combination of both could identify candidates for TACE therapy. The significance of
this combination includes the following: (1) There has been no such attempt at
combining these systems in the past; (2) TACE treatment is an intervention that affects
the outcome of patients on the basis of the natural course of the disease. Even if the
same patient had different outcomes before and after treatment, the scoring systems
designed for pre-treatment (the inability to independently assess the impact of the
predictive factor value change on outcomes) and the scoring systems designed for
post-treatment (the inability to independently assess the impact of the patient's
underlying status on outcomes) might not be accurate enough to predict outcome,
when applied separately; (3) This study selected the best performing scores in the pretreatment period and post-treatment period, respectively, to achieve the optimum
prediction which was more effective than solo prediction; and (4) This combination
took advantage of the two scores to make up for their shortcomings: mHAP3 could
predict the baseline, but could not guide the clinical decision for the next TACE
procedure; ABCR incorporated imaging indicators to better predict survival, but not
in the initial assessment of the patient at baseline (this system can only be used after
TACE therapy). Combining the above points, the predictive power and clinical
application value of this integration of mHAP3 and ABCR are better than each system
alone.
There were also several limitations in this study: (1) The retrospective nature of this
study may have led to some bias; (2) To compare the HAP, mHAP and mHAP2
systems, we used the quartile values of the continuous scores in mHAP3 and the 6&12
criteria to divide patients into four risk stratification groups, and used their median
values to distinguish candidates from non-candidates, which might have
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Figure 3

Figure 3 Time-dependent receiver operating characteristic curves for comparisons. A: Comparisons among
prognostic systems in first transarterial chemoembolization; B: Comparisons among prognostic systems in repeated
transarterial chemoembolization. AUROC: Area under receiver operating characteristic curve; HAP: Hepatoma
Arterial-embolization Prognostic; mHAP: Modified HAP; 6&12: Six-and-twelve criteria; ART: Assessment for retreatment with TACE; ABCR: Alpha-fetoprotein, BCLC stage, Child-Pugh and Response.

compromised their prediction performance; (3) Given that all patients included in this
study were Chinese and the main etiology of HCC was hepatitis B virus infection,
caution is necessary in the generalization and extrapolation of our findings; and (4)
Study results based on current developed scoring systems need further external
validations in a large population from multicenter studies.
In summary, this nationwide multicenter study demonstrated that previously
proposed prognostic scoring systems could identify TACE candidates with
radiological response and improved OS in unresectable HCC patients treated with
first TACE. For re-TACE treatment, the ABCR system, but not the ART system, had a
predictive ability for PRTS. Considering the optimal discriminatory abilities of
mHAP3 and ABCR in predicting the prognoses of first TACE and re-TACE, these two
systems could be sequentially combined to predict treatment outcome of TACE,
which may provide useful data for its clinical applications.
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Table 4 Comparison of prognostic performance of the predicting systems
Candidates/non-candidates

Predicting performance

Predicting systems

Cox Regression
Number of patients

Median survival (mo)
HR (95%CI)

P value

C-index (95%CI)

LRχ2

For first TACE
HAP

465/642

33.8/19.3

0.56 (0.47-0.67)

< 0.001

0.59 (0.56-0.61)

43.71

mHAP

673/434

30.8/16.1

0.58 (0.49-0.68)

< 0.001

0.59 (0.56-0.61)

40.85

mHAP 2

632/475

30.8/17.2

0.60 (0.51-0.71)

< 0.001

0.58 (0.56-0.60)

35.24

mHAP 3

554/553

33.8/17.2

0.52 (0.44-0.62)

< 0.001

0.60 (0.57-0.62)

57.51

6&12

562/545

31.3/18.5

0.61 (0.51-0.72)

< 0.001

0.58 (0.56-0.60)

33.82

ART

646/266

27.0/23.7

0.88 (0.72-1.08)

0.226

0.52 (0.49-0.54)

1.56

ABCR

600/312

33.1/16.4

0.47 (0.39-0.57)

< 0.001

0.61 (0.59-0.63)

57.36

For re-TACE

TACE: Transarterial chemoembolization; HR: Hazard ratio; CI: Confidence interval; LR: Likelihood ratio; HAP: Hepatoma Arterial-embolization
Prognostic; mHAP: Modified HAP; 6&12: Six-and-twelve criteria; ART: Assessment for re-treatment with TACE; ABCR: Alpha-fetoprotein, BCLC stage,
Child-Pugh and Response.

Figure 4

Figure 4 Survival curves between candidates and non-candidates according to sequential use of the Hepatoma Arterial-embolization Prognostic system
version 3 and alpha-fetoprotein, BCLC stage, Child-Pugh and Response system. re-TACE: Repeated transarterial chemoembolization.

ARTICLE HIGHLIGHTS
Research background
Transarterial chemoembolization (TACE) is the most commonly used treatment in patients with
unresectable hepatocellular carcinoma (HCC). However, the treatment outcome for such patients
varies greatly. Apart from the differences in TACE techniques, the heterogeneity of liver
dysfunction, tumor burden and other relevant factors should be carefully considered.

Research motivation
Previously, several prognostic systems have been proposed for risk stratification and clinical
decision-making in first TACE and repeated TACE (re-TACE). Nevertheless, it is unknown
which model has the highest predictive ability and should be chosen in clinical practice.

Research objectives
In this nationwide multicenter study, we aimed to validate the existing prognostic models for
TACE treatment, compare their predictive abilities for overall survival, and finally identify the
optimal scoring systems for first TACE and re-TACE in HCC patients.

Research methods
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The prognostic values of the Hepatoma Arterial-embolization Prognostic (HAP) scoring system
and its modified versions (mHAP, mHAP2 and mHAP3), as well as the six-and-twelve criteria
were compared in 1107 unresectable HCC patients treated with at least one session of TACE,
while the same analyses were conducted in 912 patients receiving re-TACE to evaluate the ART
(assessment for re-treatment with TACE) and ABCR (alpha-fetoprotein, Barcelona Clinic Liver
Cancer, Child-Pugh and Response) systems for post re-TACE survival (PRTS).

Research results
With regard to the initial TACE treatment, six-and-twelve criteria had the highest correlation
and consistency with radiological response and the mHAP3 criteria had the optimal
discrimination value for overall survival. For re-TACE therapy, the ABCR score significantly
identified patients with improved PRTS, while the ART system failed to do so. Finally,
combining mHAP3 and ABCR systems could discriminate candidates suitable for TACE with
improved outcomes compared with non-candidates.

Research conclusions
The results from this study suggest that there is high heterogeneity in patients with unresectable
HCC and receiving TACE treatment. The six-and-twelve criteria were closely correlated with
radiological response, mHAP3 and ABCR were reliable prognostic systems for first TACE and
re-TACE. The sequential combination of these systems would facilitate risk stratification and
outcome prediction.

Research perspectives
This study clearly highlights the need for risk stratification of unresectable HCC patients treated
with TACE. Comparing the prognostic abilities among the existing scoring systems, we
recommend the combined use of mHAP3 and ABCR for survival prediction of HCC patients
receiving TACE for the first time, which would not only refine the prognostic stratification but
also facilitate individual management. Therefore, future studies focusing on external validations
in a large population are necessary.
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Abstract
BACKGROUND
Esophageal carcinoma is a malignant gastrointestinal tumor with a very poor
prognosis. MicroRNA (miR)-1304 is a newly discovered non-coding RNA, which
shows differential expression in other cancers, and its clinical value in esophageal
carcinoma remains unclear.
AIM
To explore the expression of miR-1304 in patients with esophageal carcinoma and
its clinical value.
METHODS
The expression of miR-1304 in patients with esophageal carcinoma was analyzed
based on the data on miR in esophageal carcinoma downloaded from The Cancer
Genome Atlas database. Quantitative real-time polymerase chain reaction was
adopted to determine the expression of miR-1304 in the tissues and serum of
patients. The clinical diagnostic value of miR-1304 and independent factors for
recurrence and prognosis of esophageal carcinoma were then analyzed. The
potential target genes of miR-1304 were predicted, and then analyzed based on
gene ontology, Kyoto Encyclopedia of Genes, and Genomes, and protein-protein
interaction.
RESULTS
The expression of miR-1304 in the tissues and serum of patients with esophageal
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carcinoma increased, and was also increased according to the database. Patients
with high expression of miR-1304 suffered increased rates of tumor ≥ 3 cm, low
differentiation and stage II + III. miR-1304 had a diagnostic value in identifying
esophageal carcinoma, tumor size, differentiation and TNM stage. Tumor size,
differentiation, TNM stage, and miR-1304 were independent risk factors for
recurrence of esophageal carcinoma, and they had certain predictive and
diagnostic value for the recurrence of esophageal carcinoma. Seventy-eight
patients showed a 3-year survival rate of 38.46%, and patients with high
expression of miR-1304 had a relatively lower survival rate. Multivariate analysis
revealed that tumor size, differentiation, recurrence and miR-1304 were
independent factors for the prognosis of patients. MiRTarBase, miRDB, and
Targetscan predicted 20 target genes in total. Gene ontology enrichment analysis
found 18 functions with aP < 0.05, and Kyoto Encyclopedia of Genes, and
Genomes analysis found 11 signal pathways with aP < 0.05. String analysis of
protein co-expression found 269 relationship pairs, of which co-expression with
epidermal growth factor was the most common.
CONCLUSION
miR-1304 can be used as a potential indicator for the diagnosis and recurrence of
esophageal carcinoma and for survival of patients with this disease.
Key words: miR-1304; Recurrence; Prognosis; Diagnosis; Bioinformatics analysis; The
Cancer Genome Atlas; Esophageal carcinoma
©The Author(s) 2020. Published by Baishideng Publishing Group Inc. All rights reserved.
Core tip: In recent years, the morbidity and mortality of esophageal carcinoma have
increased significantly. However, there are few clinical tumor markers related to
esophageal carcinoma. miRNA has been a hot research topic in recent years. This study
analyzed the expression of miR-1304 in patients with esophageal carcinoma, and found
that miR-1304 was highly expressed in these patients, and was an independent factor for
recurrence and prognosis of esophageal carcinoma. miR-1304 is expected to become a
potential index for predicting prognosis and recurrence of esophageal carcinoma.

Citation: Luo YG, Duan LW, Ji X, Jia WY, Liu Y, Sun ML, Liu GM. Expression of miR-1304
in patients with esophageal carcinoma and risk factors for recurrence. World J Gastroenterol
2020; 26(6): 670-685
URL: https://www.wjgnet.com/1007-9327/full/v26/i6/670.htm
DOI: https://dx.doi.org/10.3748/wjg.v26.i6.670

INTRODUCTION
Esophageal carcinoma is one of the common digestive tract cancers, with morbidity
ranking eighth and mortality ranking sixth of all cancers[1]. According to the 2015
cancer statistics, there were 477900 new cases of esophageal carcinoma and 375000
deaths due to esophageal carcinoma in China[2]. Such high mortality and morbidity
causes a huge problem in terms of medical care. Patients with esophageal carcinoma
in the early stage have insidious symptoms, and patients in the intermediate stage
suffer from the typical symptom of dysphagia [3] . At present, although there are
patients with early esophageal carcinoma in hospitals, most patients with esophageal
carcinoma are already in the intermediate or late stage when admitted to hospital[4].
The optimal treatment plan for esophageal carcinoma in clinical practice is surgical
resection, but its long-term efficacy is unsatisfactory, which is mainly due to the
following factors: Esophageal carcinoma has the characteristic of adjacent lymph
nodes which are prone to skipping metastasis, and leads to recurrence of esophageal
carcinoma; thus, resulting in failure of surgical treatment[5,6]. If the recurrence of
esophageal carcinoma can be predicted by detecting relevant indices in patients, this
could further prevent metastasis during treatment[7]. However, there are few clinical
indices for the detection of esophageal carcinoma; therefore, it is particularly
important and urgent to find a potential biomarker.
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Non-coding RNA is a transcript substance without any encoded protein[8]. To date,
several types of non-coding RNA have been identified by RNA sequencing and
bioinformatics methods, of which long-chain non-coding RNA and short-chain noncoding RNA (miR) have attracted much attention in various fields[9-11]. miR is a highly
conserved short-chain non-coding RNA about 21-25 nt long. Studies have revealed
that miR is disordered in patients with diseases such as cardiovascular diseases and
cancer[12,13]. Many studies have confirmed that miR can suppress the translation of
target genes after transcription by binding to untranslated regions[14]. The study by Li
et al [15] found that miR-377 could suppress the occurrence and development of
esophageal carcinoma by mediating CD133 and vascular endothelial growth factor.
Some studies showed that miR-506 could be used as a biomarker for the prognosis of
esophageal squamous cell carcinoma [16] . miR-1304 is a newly discovered miR. A
previous study indicated that miR-1304 was in expression imbalance in
nasopharyngeal cancer patients treated with paclitaxel[17], but there is no related study
on the expression of miR-1304 in patients with esophageal carcinoma. This study
analyzed the expression of miR in patients with esophageal carcinoma based on The
Cancer Genome Atlas (TCGA) database and found that miR-1304 was highly
expressed in these patients, which indicated that miR-1304 is expected to be a
potential indicator of esophageal carcinoma.
Therefore, this study determined the expression of miR-1304 in patients with
esophageal carcinoma and its clinical value, in order to provide a reference for
clinicians.

MATERIALS AND METHODS
Data downloaded from The Cancer Genome Atlas
Manifest, Cart, and Metadata were downloaded by logging into
https://portal.gdc.cancer.gov/, selecting Repository-Cases-Esophagus-The Cancer
Genome Atlas (TCGA)-ESCA-File-Transcriptome Profiling-miRNA Expression
Quantification-HTSeq-Counts, and adding all Files to the cart. A total of 198
specimens were collected, including 185 cancer tissue specimens and 13 tumoradjacent tissue specimens. The files were converted into a matrix to extract data on
miR-1304 for analysis.

Specimen collection from patients
A total of 78 patients with esophageal carcinoma treated in the Second Hospital of
Jilin University from March 2015 to March 2018 were enrolled as the patient group,
and another 50 healthy subjects during the same period were enrolled as the normal
group. The patient group consisted of 44 males and 34 females, with an average age of
58.4 ± 5.9 years, and the normal group consisted of 30 males and 20 females, with an
average age of 59.4 ± 4.8 years. Inclusion criteria were as follows: Patients diagnosed
with esophageal squamous cell carcinoma based on pathology; patients meeting the
8th edition of TNM stage criteria for esophageal carcinoma released by the American
Joint Committee on Cancer in 2017 [18] ; patients who had not undergone cancer
therapy; patients who and whose families signed an informed consent form after
understanding the study, and patients with detailed clinical data and willing to
cooperate during follow-up. Exclusion criteria were as follows: Patients comorbid
with other tumors; patients with infection before admission, severe cardiac or cerebral
function injury, or immune deficiency; patients unable to receive the full treatment, or
unwilling to cooperate during follow-up, and those with expected survival time less
than 3 mo.

Treatment plan
All 78 patients were treated by resection of esophageal carcinoma and lymph node
dissection, and received auxiliary therapy after surgery. Twenty-six patients were
treated with radiotherapy, and fifty-two patients with chemotherapy. Radiotherapy
was performed mainly by three-dimensional conformal radiation therapy and
intensity-modulated radiation therapy[19], and chemotherapy was mainly performed
using fluorouracil and cisplatin as follows: 500 mg/m2 fluorouracil (Hainan Choitec
Pharmaceuticals Co., Ltd., Hainan, China) was administered by intravenous drip for
1-5 d, and cisplatin (Guizhou Hanfang Pharmaceutical Co., Ltd., Guizhou, China) was
administered in the same way for 1-5 d. Patients received the two drugs for at least 2
cycles, 28 d a cycle.

Specimen collection and detection
Cancer tissues and tumor-adjacent tissues were sampled from the patients during
surgery, and sent to a laboratory for subsequent analysis in liquid nitrogen. Peripheral
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fasting venous blood (5 mL) was obtained from each patient in the morning of the day
before surgery and each person undergoing physical examination in the morning of
the day of physical examination, allowed to stand for 30 min, and then centrifuged at
3000 rpm for 10 min to collect the supernatant. The total RNA in the collected serum
and tissues was extracted with TRIzol reagent (Carlsbad Invitrogen Company, CA,
United States, 15596018), and the purity, concentration and integrity of the total RNA
were determined using ultraviolet spectrophotometry and agarose gel electrophoresis. Reverse transcription was performed using the TransScript® miRNA RT
Enzyme Mix and 2 × TS miRNA Reaction Mix in TransScript Green miRNA Two-Step
Quantitative real-time polymerase chain reaction (qRT-PCR) SuperMix kit (TransGen
Biotech, Beijing, China, AQ202-01) in strict accordance with the original kit
instructions. The amplification system of miR-1304 consisted of 1 μL of cDNA, 0.4 μL
of upstream and downstream primers, respectively, 10 μL of 2 × TransScript® Tip
Green qPCR SuperMix, 0.4 μL of Passive Reference Dye (50 ×) and ddH2O (added to
make up to 20 μL in total). The amplification conditions were as follows: Predenaturation at 94°C for 30 s, denaturation at 94°C for 5 s, and annealing and
extension at 60°C for 30 s, 40 cycles in total. Three repeated wells were set for each
specimen, and the experiment was repeated three times. U6 was used as an internal
reference, and 2-ΔΔct was used to analyze the data[20]. Experiments were carried out
using the 7500 PCR instrument from ABI, United States. The upstream primer and
downstream primer of the primer sequence miR-1304 were 5'-3' and 5'-3', respectively,
and those of U6 were 5'-3' and 5'-3', respectively.

Criteria for recurrence
If the lymph node short diameter was found to be longer than or equal to 10 mm in
terms of pathology or cytology based on puncture, and in terms of imaging, this was
considered regional lymph node recurrence.

Follow-up
The patients were followed up mainly by telephone as well as reexamination or
review of an electronic archive of them at the 3rd, 6th, 9th and 12th mo in the first year,
and every 4 mo in the 2nd and 3rd years.

Bioinformatics analysis
Target genes were predicted on three online target gene prediction websites for miR,
namely, MiRTarBase, miRDB, and TargetScan, respectively, and a Venn diagram was
drawn. The signal pathways of potential mRNAs were analyzed based on the gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) online
websites, DAVID and KOBAS, and a network map for protein co-expression was
drawn on the online website, String.

Statistical analysis
In this study, the SPSS 20.0 software package was used to analyze the collected data
statistically, and the GraphPad 7 software package was used to draw the required
figures. The K-S test was used to analyze the distribution of measurement data. The
measurement data with normal distribution were expressed by mean ± SD, and those
with non-normal distribution were expressed by median and interquartile range P50
(P 2 5 -P 7 5 ), analyzed using the non-parametric test, and then expressed by Z.
Comparisons between groups were analyzed using the independent-samples t test,
and comparisons within groups were analyzed using the paired t test, and expressed
by t. Enumeration data were analyzed using the χ 2 test, and expressed by χ2.
Comparisons among multiple groups were analyzed using one-way ANOVA, and
expressed by F. Post-hoc pairwise comparisons were analyzed using the LSD-t test.
Receiver operating characteristic (ROC) curves were drawn for the diagnostic value of
miR-1304 in esophageal carcinoma. Spearman’s correlation analysis was adopted to
analyze the correlation between miR-1304 in the tissues and serum of patients. A
Kaplan-Meier curve of the 5-year survival of patients was drawn, and was analyzed
using the Log-rank test. Multivariate Cox regression was adopted to analyze
independent risk factors for the prognosis of patients and Logistic regression was
used to analyze independent risk factors for recurrence of esophageal carcinoma in
patients. aP < 0.05 indicated a significant difference.

RESULTS
Clinical baseline data analysis
Clinical baseline data in the normal group and patient group were compared, and no
significant differences were found between them in terms of age, gender, smoking
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history and history of alcoholism (Table 1).

Expression of miR-1304 in patients with esophageal carcinoma and its diagnostic
value
Firstly, analysis of the expression of miR-1304 from TCGA database revealed that
cancer tissues showed significantly higher expression of miR-1304 than normal tissues
( b P < 0.001). Analysis of the expression of miR-1304 in the serum and tissues of
patients showed that the expression of miR-1304 was significantly higher than that in
tumor-adjacent tissues and normal serum. Correlation analysis revealed that the
expression of miR-1304 in the tissues of patients was positively correlated with that in
serum (R = 0.330, bP < 0.001). ROC curve analysis revealed that the area under the
curve (AUC) of miR-1304 for the diagnosis of esophageal carcinoma was 0.912; thus,
miR-1304 had high diagnostic value (Figure 1).

Relationship between miR-1304 and pathological data in patients, and its diagnostic
value
The patients were divided into a high miR-1304 expression group and a low miR-1304
expression group according to the median expression, and the pathological data were
compared. No significant differences in gender, age, and lesion location were found
between the two groups, and the high miR-1304 expression group had significantly
higher rates of tumor size ≥ 3 cm, low differentiation and stage II + III than the low
miR-1304 expression group (aP < 0.05). Therefore, we further analyzed the correlation
between miR-1304 expression and tumor size, differentiation, and TNM stage, and
found that patients with tumor size ≥ 3 cm and low differentiation at stage II + III, and
showed that the expression of miR-1304 was different to other patients in their group.
ROC curves revealed that the AUCs of miR-1304 for identifying tumor size,
differentiation and TNM stage were 0.710, 0.773, and 0.788, respectively; therefore,
miR-1304 had a high diagnostic value (Figure 2, Tables 2 and 3).

Risk factors for the recurrence of esophageal carcinoma in patients
The statistics on recurrence of esophageal carcinoma in patients after treatment
revealed that the 78 patients showed a recurrence rate of 42.31% with recurrence in 33
patients. Univariate analysis was performed on the collected clinical data, and it was
found that there was no significant differences between the two groups in terms of
gender, age, smoking history, history of alcoholism, lesion location and adjuvant
therapy (all P > 0.05), while there were differences between patients in terms of tumor
size, differentiation, TNM stage, and expression of miR-1304 (all aP < 0.05) (Table 4).
Assignment of these factors was carried (Table 5) using Logistic regression analysis
and backward LR was selected for statistics. It was found that tumor size,
differentiation, TNM stage, and expression of miR-1304 were independent risk factors
for recurrence of esophageal carcinoma (Table 6). In addition, ROC curves were
drawn for these independent risk factors, and tumor size, differentiation, TNM stage,
and miR-1304 were found to have certain clinical value in predicating recurrence
(Figure 3).

Relationship between miR-1304 and the prognosis of patients with esophageal
carcinoma in terms of survival
The patients were followed-up for 3 years. All 78 patients were successfully followedup with no patients lost to follow-up, 30 of whom survived for 3 years, showing a 3year survival rate of 38.46%. Survival curves were drawn according to the expression
of miR-1304, which revealed that patients with low expression of miR-1304 showed a
significantly higher survival rate than those with high expression ( b P < 0.001).
Univariate Cox regression analysis of the collected pathological data revealed that
tumor size, differentiation, recurrence, and miR-1304 were prognostic factors for
patients, and multivariate analysis revealed that these factors were independent
predictors of prognosis (Figure 4 and Table 7).

Bioinformatics analysis of miR-1304
Three online target gene prediction websites for miR, namely, MiRTarBase, miRDB,
and Targetscan, were used to predict target genes of miR-1304, and 20 target genes
were predicted in total. GO enrichment was performed on target genes predicted
through pairwise websites based on DAVID, and 18 functions with aP < 0.05 were
found. KEGG analysis of the target genes was performed, and 11 signal pathways
with a P < 0.05 were found. String analysis of protein co-expression found 269
relationship pairs, of which co-expression with epidermal growth factor (EGF) was
the most common (Figure 5 and Tables 8-10).
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Table 1 Comparison of baseline data
Factors

Normal group (n = 50)

Patient group (n = 78)

Male

30 (60.00)

44 (56.41)

Female

20 (40.00)

34 (43.59)

Age (yr)

60.4 ± 4.8

58.7 ± 5.4

Gender

Smoking history
Yes

30 (60.00)

43 (55.13)

No

20 (40.00)

35 (44.87)

Yes

8 (16.00)

14 (17.95)

No

42 (84.00)

64 (82.05)

History of alcoholism

t / χ2

P value

0.161

0.688

0.310

0.757

0.295

0.587

0.081

0.776

Location
The upper thoracic area

19 (24.36)

The middle thoracic area

34 (43.59)

The lower thoracic area

25 (32.05)

Tumor size
≥ 3 cm

45 (57.69)

< 3 cm

33 (42.31)

Differentiation
Low differentiation

25 (32.05)

Moderate + high differentiation

53 (67.95)

TNM stage
Stage I

27 (34.62)

Stage II + III

51 (65.38)

DISCUSSION
Esophageal carcinoma, a malignant gastrointestinal tumor, is the 8th most common
malignant tumor in the world[21]. In 2018, there were more than 500000 new and
deceased esophageal carcinoma patients worldwide, and the morbidity and mortality
of esophageal carcinoma showed an upward trend [22] . The main reasons for this
phenomenon are as follows: Firstly, the diet structure of patients has changed.
Secondly, esophageal carcinoma has no obvious clinical characteristics in the early
stage, so almost all patients are already in the middle or late stage when admitted to
hospital, and have missed the best treatment opportunity. Finally, there is a lack of
tumor markers with high specificity for esophageal carcinoma. These factors
eventually lead to a rise in mortality and morbidity[23,24]. Therefore, the identification
of a clinical diagnostic marker with high specificity is essential to solve this problem.
In this study, we found, for the first time, that miR-1304 was highly expressed in
patients with esophageal carcinoma. miR has been a hot research topic in various
fields in recent years. As a short-chain non-coding RNA, it can inhibit transcription
and the expression of downstream target genes by regulating them through the 3untranslated regions[25]. miR-1304 is an important member of the miR family. Previous
studies have found that miR-1304 shows differential expression in patients with lung
cancer, and can inhibit the growth of non-small cell lung cancer by regulating heme
oxygenase-1[26]. However, there are few studies on esophageal carcinoma. miR-1304
was first found to be highly expressed in patients with esophageal carcinoma based
on TCGA, which indicated that miR-1304 is expected to become a potential diagnostic
indicator for esophageal carcinoma. Therefore, we conducted a clinical experiment, to
determine if the expression of miR-1304 in the serum and tissues of patients was the
same as that in the database; the expression of miR-1304 in tissues was positively
correlated with that in serum, and the AUC of expression in the ROC curve was
greater than 0.9. This further confirmed the role of miR-1304 in esophageal carcinoma,
and indicated that miR-1304 could be a potential diagnostic indicator for esophageal
carcinoma. Moreover, we analyzed the correlation between high and low expression
of miR-1304 and pathological data, and found that patients with high expression of
miR-1304 had significantly higher rates of tumor size ≥ 3 cm, low differentiation, and
stage II + III disease, and the expression of miR-1304 had certain diagnostic value.
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Figure 1 Expression of miR-1304 in patients with esophageal carcinoma and its diagnostic value. A: Expression of miR-1304 in cancer tissues and tumoradjacent tissues in The Cancer Genome Atlas database; B: Expression of miR-1304 in the tissues of patients; C: Expression of miR-1304 in the serum of patients; D,
E: Diagnostic value of serum miR-1304 in esophageal carcinoma. When the cutoff value was 1.154, the specificity, sensitivity and Youden index were 94.00%,
80.77%, and 71.77%, respectively. bP < 0.001.

At present, the best treatment for esophageal carcinoma is radical resection, which
can effectively improve the prognosis of patients to a certain extent together with
postoperative radiotherapy and chemotherapy[27]. However, treatment of patients
with esophageal carcinoma is prone to failure due to micrometastasis of some lesions
and limited lymph node dissection; thus, resulting in local regional recurrence or
distal metastasis[28]. At present, recurrence of esophageal carcinoma in patients is
mainly judged by the identification of metastasis through imaging after treatment. If
indices were available to predict metastasis in patients before treatment, this would
allow changes in the treatment of patients and avoid the recurrence of esophageal
carcinoma[29]. In this study, 33 of 78 patients developed recurrence of esophageal
carcinoma, a recurrence rate of 42.31%, which was consistent with national and
international studies[30,31]. We collected clinical data, grouped the patients, performed
Logistic regression analysis, and found that tumor size, differentiation, TNM stage,
and miR-1304 were independent risk factors for prognosis in these patients. In
addition, we drew ROC curves and found that the AUC of miR-1304 for predicting
recurrence of esophageal carcinoma was larger than 0.7, and larger than that for
tumor size, differentiation, and TNM stage. Many studies have confirmed that tumor
size, differentiation and TNM stage are independent risk factors for recurrence in
patients [32,33] , but this is the first report to discover that miR-1304 may be an
independent risk factor for the recurrence of esophageal carcinoma, which suggests
that the expression of miR-1304 has certain predicative value in recurrence in these
patients.
In addition, this study followed patients to assess their 3-year survival rate, and
found that the 3-year overall survival rate was 38.46%, which was consistent with
national and international studies[34,35]. We analyzed the 3-year survival of patients
according to the expression of miR-1304, and patients with low expression of miR1304 showed a significantly higher 3-year survival rate than those with high
expression. Prognostic analysis revealed that miR-1304 may be an independent
prognostic factor for 3-year survival in patients with esophageal carcinoma. Based on
the above studies, we can confirm the clinical diagnostic and prognostic value of miR1304 for esophageal carcinoma, but the specific mechanism of miR-1304 remains
unclear. Therefore, we conducted a bioinformatics analysis, which revealed that the
three predictive networks predicted a total of 20 target genes of miR-1304. GO and
KEGG enrichment analysis based on DAVID and KOBAS found 18 functions with aP
< 0.05 and 11 signal pathways with aP < 0.05, respectively. It is worth mentioning that
previous reports indicated that HIF-1 and GnRH signaling pathways were involved in
the occurrence and development of esophageal carcinoma[36,37], which may be our
main research direction in the future. Finally, we plotted a protein-protein interaction
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Table 2 Relationship between miR-1304 and pathological data
Factors

High expression (n = 39)

Low expression (n = 39)

Male (n = 44)

20 (51.28)

24 (61.54)

Female (n = 34)

19 (48.72)

15 (38.46)

≥ 60 (n = 38)

17 (43.59)

21 (53.85)

< 60 (n = 40)

22 (56.41)

18 (46.15)

The upper thoracic area (n = 19)

10 (25.64)

9 (23.08)

The middle thoracic area (n = 34)

19 (48.72)

15 (38.46)

The lower thoracic area (n = 25)

10 (25.64)

15 (38.46)

≥ 3 cm (n = 45)

28 (71.79)

17 (43.59)

< 3 cm (n = 33)

11 (28.21)

22 (56.41)

Gender

Age (yr)

Lesion location

Tumor size

Differentiation
Low differentiation (n = 25)

17 (43.59)

8 (20.51)

Moderate + high differentiation (n = 53)

22 (56.41)

31 (79.49)

TNM stage
Stage I (n = 27)

8 (20.51)

19 (48.72)

Stage II + III (n = 51)

31 (79.49)

20 (51.28)

χ2

P value

0.834

0.361

0.821

0.365

1.523

0.467

6.356

0.001

4.768

0.029

6.854

0.009

co-expression spectrum, and found that relationship pairs with the EGF gene were the
most common. EGF, a member of epidermal growth factor super family, is a powerful
mitogenic factor with important functions in growth, proliferation and differentiation
of various cells, and early studies have shown that EGF is closely related to the
prognosis of esophageal carcinoma. Whether miR-1304 can regulate EGF and
suppress the occurrence and development of esophageal carcinoma is the main
direction of our future research.
This study has preliminarily proved the clinical value of miR-1304 in esophageal
carcinoma, but it has certain limitations. Firstly, we did not carry out basic
experiments, and did not clarify the relevant mechanisms of miR-1304 in esophageal
carcinoma. Secondly, the specimens in this study were basic, and the study only
compared the difference in expression of serum miR-1304 between patients with
esophageal carcinoma and normal subjects. Whether differences in miR-1304
expression exist between patients with esophageal carcinoma and patients with
benign esophageal lesion requires further investigation. Therefore, we hope to carry
out basic experiments in future research, use diverse specimens and to compare miR1304 and common tumor markers in esophageal carcinoma to further confirm the role
of miR-1304 in esophageal carcinoma to supplement the present findings.
In conclusion, miR-1304 can be used as a potential indicator for the diagnosis and
recurrence of esophageal carcinoma, and for survival of these patients.
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Table 3 Receiver operating characteristic parameters
Parameters

AUC

95%CI

P value

Sensitivity (%)

Specificity (%)

Cut-off

Tumor size

0.710

0.591-0.829

0.002

42.42

95.56

< 1.158

Differentiation

0.773

0.665-0.881

0.001

77.36

68.00

< 1.363

TNM staging

0.788

0.687-0.889

< 0.001

47.06

96.30

> 1.393

AUC: Area under the curve.

Table 4 Univariate analysis
Factors

Recurrence group (n = 33)

Non-recurrence group (n = 45)

Male (n = 44)

15 (45.45)

29 (64.44)

Female (n = 34)

18 (54.55)

16 (35.56)

≥ 60 (n = 38)

17 (51.52)

21 (46.67)

< 60 (n = 40)

16 (48.48)

24 (53.33)

Yes (n=43)

20 (60.61)

23 (51.11)

No (n=35)

13 (39.39)

22 (48.89)

Yes (n=14)

4 (12.12)

10 (22.22)

No (n=64)

29 (87.88)

35 (77.78)

Gender

Age (yr)

Smoking history

History of alcoholism

Lesion location
The upper thoracic area (n = 19)

7 (21.21)

12 (26.67)

The middle thoracic area (n = 34)

16 (48.49)

18 (40.00)

The lower thoracic area (n = 25)

10 (30.30)

15 (33.33)

Tumor size
≥ 3 cm (n = 45)

25 (75.76)

20 (44.44)

< 3 cm (n = 33)

8 (24.24)

25 (55.56)

Differentiation
Low differentiation (n = 25)

16 (48.48)

9 (20.00)

Moderate + high differentiation (n = 53)

17 (51.52)

36 (80.00)

Stage I (n = 27)

6 (18.18)

21 (46.67)

Stage II + III (n = 51)

27 (81.82)

24 (53.33)

Chemotherapy (n = 52)

24 (72.73)

28 (62.22)

Radiotherapy (n = 26)

9 (27.27)

17 (37.78)

High expression (n = 39)

23 (69.70)

16 (35.56)

Low expression (n = 39)

10 (30.30)

29 (64.44)

TNM staging

Adjuvant therapy

Expression of miR-1304

t /χ2

P value

2.792

0.095

0.179

0.672

0.694

0.405

1.319

0.251

0.602

0.740

7.648

0.006

7.093

0.008

6.825

0.009

0.946

0.331

8.877

0.003

Table 5 Assignment
Factors

Assignment

Tumor size

≥ 3 cm = 1, < 3 cm = 0

Differentiation

Low differentiation = 1, Moderate + high differentiation = 0

TNM stage

Stage I = 1, stage II + III = 0

Expression of miR-1304

High differentiation = 1, low differentiation = 0

Recurrence

Recurrence = 1, non-recurrence = 0
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Table 6 Logistic regression analysis
HR 95%CI
Factors

β

χ2

SD

P value

Exp (HR)
Up

Down

Tumor size

1.861

0.646

8.297

0.004

6.429

1.812

22.803

Differentiation

1.811

0.665

7.414

0.006

6.114

1.661

22.506

TNM stage

-1.801

0.675

7.118

0.008

0.165

0.044

0.620

Expression of miR-1304

1.838

0.627

8.586

0.003

6.286

1.838

21.501

CI: Credibility interval.

Table 7 Cox regression analysis
3-yr univariate Cox

3-yr multivariate Cox

P value

H (95%CI)

P value

HR (95%CI)

Gender (male vs female)

0.803

1.075 (0.608-1.903)

Age (≥ 60 yr vs < 65 yr)

0.534

0.835 (0.473-1.474)

Lesion location (upper vs middle vs lower)

0.427

1.166 (0.798-1.705)

Tumor size (≥ 3 cm vs < 3 cm)

0.000

3.473 (1.827-6.601)

0.010

2.402 (1.237-4.665)

Differentiation (low differentiation vs moderate + high differentiation)

0.000

3.09 (1.724-5.539)

0.015

2.153 (1.159-4.002)

TNM stage (stage I vs stage II + III)

0.060

0.543 (0.287-1.027)

Adjuvant therapy plan (chemotherapy vs radiotherapy)

0.939

1.025 (0.549-1.911)

Recurrence (recurrence vs non-recurrence)

0.002

2.561 (1.408-4.657)

0.034

1.949 (1.05-3.619)

miR-1304 (high expression vs low expression)

0.001

2.614 (1.448-4.717)

0.036

1.93 (1.044-3.565)

Factors

Table 8 Target genes of miR-1304
Gene

Target gene

miR-1304

LYPD3, MYC, LMNB1, KLHL15, ZNF99, SPRYD4, CCNT2, PLEKHF2, DSEL,
ADIPOR2, CBX5, DDX3X, SMAD5, DARS, PCGF3, FAM83H, RRAS, PDE3A,
CALM2, and TMBIM6

Table 9 Gene ontology enrichment analysis
ID

Term

Gene

Count

P value

GO: 0043392

Negative regulation of DNA
binding

WFIKKN2, SP100, HAND2,
HMOX1, HMGA2

5

0.001

GO: 0051091

Positive regulation of
sequence-specific DNA
binding transcription factor
activity

IL6, SP100, HIPK2, PYCARD,
HMGA2, TRIM22, TCF3,
ATF2

8

0.001

GO: 0000122

Negative regulation of
transcription from RNA
polymerase II promoter

ATF7IP, SATB1, BACH2,
22
SP100, GABPA, DICER1,
YBX3, KLF16, ZEB2, HMGA2,
ZNF345, ATF2, SUV39H2,
VDR, OLIG3, MLX, PRMT6,
HIPK2, ZNF431, TCF3,
SMARCA2, SUDS3
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GO: 0006351

Transcription, DNAtemplated

XRCC5, ZNF555, IRX5,
CCNT1, YBX3, BBX, TTLL5,
ZNF250, ZEB2, ZNF652,
ZNF184, VDR, OLIG3,
PRMT6, ZNF426, KDM3B,
BAZ2A, TCF3, MAP2K6,
ATF7IP, SATB1, SP100,
ZNF620, ZNF92, KLF16,
SCAI, TRIM22, ATMIN,
ZNF585B, FAM208A,
SUV39H2, ZBTB25, EYA4,
ZNF439, MLX, PARP14,
HIPK2, ZNF431, ZNF432,
SMARCA2, FOXD4L6,
SUDS3, ZNF573, ZBTB8A

44

0.002

GO: 0006355

Regulation of transcription,
DNA-templated

ZNF555, IRX5, YBX3, BBX,
36
ZNF250, ZNF652, ATF2,
VDR, ZNF184, ZNF426,
KDM3B, BAZ2A, INSR, TCF3,
MAP2K6, SATB1, ZNF620,
ZNF92, SCAI, AFF1, HMGA2,
TRIM22, ZNF585B,
FAM208A, ZBTB25, EYA4,
TULP4, ZNF439, PARP14,
CDKN2AIP, MLX, ZNF431,
ZNF432, SMARCA2, ZBTB8A,
ZNF573

0.003

GO: 0005138

Interleukin-6 receptor
binding

IL6, PYCARD, ADAM17

3

0.004

GO: 0015031

Protein transport

SLC7A6OS, RAB9A, RAB3D,
KIF17, DUOXA1, RAB39A,
VPS52, PKDCC, HOOK3,
GOPC, SNX30, SNX20,
EXOC6B

13

0.011

GO: 0050892

Intestinal absorption

F11R, VDR, KCNQ1

3

0.016

GO: 0042147

Retrograde transport,
endosome to Golgi

SPAG9, RAB9A, STX16,
VPS52, VPS26A

5

0.017

GO: 0032259

Methylation

METTL8, TRMT10B, SETD9,
CARNMT1, NNMT

5

0.020

GO: 0032290

Peripheral nervous system
myelin formation

NCMAP, DICER1

2

0.028

GO: 0005509

Calcium ion binding

PCDH11Y, PCDH11X,
RPH3AL, DAG1, STIM1,
MMP17, FSTL4, TTN,
IQGAP1, CALU, ITPR2,
PLSCR1, CALML4, TPT1,
SYTL2, EGF, CALM2,
CACNA1B

18

0.029

GO: 0008544

Epidermis development

SATB1, STS, ELF3, INSR,
SCEL

5

0.033

GO: 0003677

DNA binding

XRCC5, ZNF555, AGFG1,
34
KIAA1958, CCNT1, YBX3,
BBX, ZNF250, ZEB2, ZNF345,
ZNF652, ZNF184, VDR,
OLIG3, HIST1H4C, ZNF426,
BAZ2A, TCF3, SATB1, SP100,
ZNF620, CHTF8, GABPA,
HMGA2, ZBTB25, PLSCR1,
ZNF439, RFC2, MLX, HIPK2,
RAD18, ZNF432, ZNF573,
ZBTB8A

0.035

GO: 0046872

Metal ion binding

ZNF555, MGAT5B, AGFG1,
DICER1, ZNF250, ZEB2,
ZNF345, ZNF652, ATF2,
ZFC3H1, ZNF184, CLEC17A,
FGG, HMOX1, ZC3H12B,
ZNF426, KDM3B, STS,
KCND3, NRXN3, ZNF620,
ZNF92, KLF16, RPH3AL,
ATMIN, ZNF585B, ZBTB25,
EYA4, ZNF439, GNAQ,
ADAM17, ZNF431, YME1L1,
ZNF432, ADAM12, ZNHIT6,
CACNA1D, UGP2, ZBTB8A,
ZNF573

40

0.042
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GO: 0070644

Vitamin D response element
binding

VDR, TCF3

2

0.042

GO: 0005794

Golgi apparatus

STS, RAB39A, FGFRL1,
VPS52, PKDCC, PRKG1,
SART1, CALU, HOOK3,
PLSCR1, NRAS, COPB1,
STX16, GOPC, CNTNAP2,
CAND1, B4GALT7,
TRAPPC3, SLC30A7

19

0.044

GO: 0007173

Epidermal growth factor
receptor signaling pathway

NRAS, ADAM17, EGF,
IQGAP1

4

0.045

Table 10 Kyoto Encyclopedia of Genes, and Genomes pathway enrichment analysis
ID

Term

Genes

Count

P value

hsa04912

GnRH signaling pathway

NRAS, GNAQ, CACNA1D, MAP2K6, CALM2, ITPR2

6

0.007

hsa04725

Cholinergic synapse

NRAS, GNAQ, CACNA1D, KCNQ1, ITPR2, CACNA1B

6

0.015

hsa04022

cGMP-PKG signaling pathway

GNAQ, PRKG1, CACNA1D, INSR, CALM2, ITPR2, ATF2

7

0.017

hsa04925

Aldosterone synthesis and secretion

GNAQ, CACNA1D, CALM2, ITPR2, ATF2

5

0.021

hsa04728

Dopaminergic synapse

GNAQ, CACNA1D, CALM2, ITPR2, ATF2, CACNA1B

6

0.026

hsa05164

Influenza A

IL6, AGFG1, PYCARD, DNAJC3, MAP2K6, HLA-DRA, ATF2

7

0.026

hsa04540

Gap junction

NRAS, GNAQ, PRKG1, EGF, ITPR2

5

0.028

hsa04066

HIF-1 signaling pathway

IL6, PFKFB3, HMOX1, EGF, INSR

5

0.037

hsa04915

Estrogen signaling pathway

NRAS, GNAQ, CALM2, ITPR2, ATF2

5

0.040

hsa04922

Glucagon signaling pathway

GNAQ, CALM2, G6PC2, ITPR2, ATF2

5

0.040

hsa04730

Long-term depression

NRAS, GNAQ, PRKG1, ITPR2

4

0.043

Figure 2

Figure 2 Relationship between miR-1304 and pathological data and its diagnostic value. A: Patients with tumor size ≥ 3 cm showed increased expression of
miR-1304; B: miR-1304 was highly expressed in patients with low differentiation; C: miR-1304 was highly expressed in patients with stage I + III disease; D: Receiver
operating characteristic curves of miR-1304 for identifying tumor size, differentiation, and TNM stage. aP < 0.05.
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Figure 3

Figure 3 Diagnostic values of independent risk factors for recurrence. The red line represents tumor size, and its area under the curve (AUC) was 0.683; the
blue line represents differentiation, and its AUC was 0.642; the green line represents TNM stage, and its AUC was 0.642, and the light brown line represents miR1304 and its AUC was 0.721.
Figure 4

Figure 4 Three-year survival of esophageal carcinoma patients. A: The 3-year overall survival rate of patients; B: Survival of the high and low miR-1304
expression groups.
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Figure 5

Figure 5 Bioinformatics analysis. A: Venn diagram. Blue represents the potential target genes predicted by MiRTarBase; red represents the potential target genes
predicted by miRDB, and green represents the potential target genes predicted by Targetscan; B: Distribution of the first 30 relationship pairs.

ARTICLE HIGHLIGHTS
Research background
Esophageal carcinoma is a common digestive tract cancer, which frequently recurs after
treatment. MiR-1304 is a newly discovered non-coding RNA, which shows differential
expression in other cancers, but its clinical value in esophageal carcinoma remains unclear.

Research motivation
To identify potential diagnostic and prognostic indicators of esophageal cancer recurrence.

Research objectives
To determine the diagnostic and prognostic value of miR-1304 in esophageal carcinoma
recurrence.

Research methods
Data on miRs with potential differences in esophageal carcinoma were screened from the Cancer
Genome Atlas. A quantitative real-time polymerase chain reaction was employed to determine
the expression of miR-1304 in esophageal carcinoma patients, and the clinicopathological
features of these patients were analyzed. Based on the analysis of screened data and the
expression of miR-1304 in esophageal carcinoma patients, the function of miR-1304 was
evaluated. Moreover, the patients were followed-up to analyze prognosis. Target genes of miR1304 were predicted, and the functions of these genes were analyzed.

Research results
The expression of miR-1304 in the tissues and serum of patients increased, similar to that seen in
the database. Patients with high expression of miR-1304 had increased rates of tumor ≥ 3 cm, low
differentiation and stage II + III disease. MiR-1304 had diagnostic value in identifying
esophageal carcinoma, tumor size, differentiation and TNM staging. Tumor size, differentiation,
TNM staging, and miR-1304 were independent risk factors for recurrence of esophageal
carcinoma, and had certain predictive and diagnostic value for recurrence of this disease.
Patients with high expression of miR-1304-3p had a lower survival rate. Multivariate analysis
revealed that tumor size, differentiation, recurrence and miR-1304 were independent factors for
prognosis. Furthermore, the target genes had 18 functions with aP < 0.05 according to gene
ontology enrichment analysis and 11 signal pathways with aP < 0.05 according to the Kyoto
Encyclopedia of Genes and Genomes. In addition, there were 269 relationship pairs according to
String analysis of protein co-expression, of which the co-expression pairs with epidermal growth
factor were the most common.

Research conclusion
MiR-1304 can be used as a potential indicator for the diagnosis and recurrence of esophageal
carcinoma, and survival of patients.

Research perspectives
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In future research, the molecular mechanism of miR-1304 in esophageal carcinoma will be
studied.
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Abstract
BACKGROUND
Neuroendocrine neoplasms are rarely located in the gallbladder (GB), and
carcinoid syndrome is exceedingly rare in patients with GB neuroendocrine
neoplasms.
CASE SUMMARY
We report a case of GB neuroendocrine carcinoma (GB-NEC) in a 65-year-old
man, who presented with flushing for 2 mo. Pathological specimens of the
flushed skin revealed that mucin was deposited between the collagen bundles in
the dermis. Computed tomography and magnetic resonance imaging indicated
neoplasm in the GB with liver invasion and enlarged lymph nodes in the
portacaval space. High fluorodeoxyglucose uptake was detected in lymph nodes
in the portacaval space, but distant metastasis was not seen by positron emission
tomography. Ultrasound-guided needle biopsy of the GB neoplasm was
suggestive of high-grade NEC. Because of the functional characteristics of poorly
differentiated NEC, en bloc cholecystectomy, resection of hepatic segments IVb
and V, pancreaticoduodenectomy, and regional lymphadenectomy were
performed. A diagnosis of poorly differentiated NEC was made by pathological
findings and immunohistochemical staining data. Ki-67 index was > 80%. The
patient refused adjuvant therapy and passed away in the 7th month.
CONCLUSION
Distinctive manifestation combined with imaging helps make correct
preoperative diagnosis. Radical surgery and adjuvant chemotherapy might
improve prognosis.
Key words: Malignant carcinoid syndrome; Neuroendocrine tumors; Carcinoma;
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Core tip: Neuroendocrine neoplasms are rarely located in the gallbladder (GB), and
carcinoid syndrome is exceedingly rare in patients with GB neuroendocrine neoplasms.
We present herein, a rare case of GB neuroendocrine carcinoma in a 65-year-old man,
who presented with flushing for 2 mo. En bloc cholecystectomy, resection of hepatic
segments IVb and V, pancreaticoduodenectomy, and regional lymphadenectomy were
performed. Surgery helped to alleviate his symptoms. Distinctive manifestation
combined with imaging helps make correct preoperative diagnosis. Radical surgery
followed by adjuvant chemotherapy might improve the prognosis of advanced GB
neuroendocrine carcinomas.
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INTRODUCTION
Neuroendocrine neoplasms (NENs) refer to a family of neoplasms originating from
neuroendocrine cells throughout the body, mostly originating in the gastrointestinal
tract, pancreas, and lungs[1,2]. Neuroendocrine carcinoma (NEC) always refers to highgrade neoplasms with poor differentiation. NENs are traditionally divided into
functional and nonfunctional neoplasms. Functional NENs produce peptide
hormones that cause symptoms, while nonfunctional NENs are clinically silent until
neoplasm is large, metastatic disease or bleeding occurs. Primary gallbladder (GB)NENs are infrequent and make up < 1% of all NENs[1,3]. Among 875 GB carcinomas
diagnosed by ultrasound-guided fine needle aspiration cytology, only 20 were GBNENs[4]. In addition, among GB-NENs, carcinoid syndrome caused by functional
neoplasm is exceedingly rare (< 1%)[5,6].
Here, we report a case of functional GB-NEC, in which an initial presentation of the
patient was suspected as manifestation of carcinoid syndrome. The patient underwent
radical surgery that helped to alleviate his symptoms. In addition, we reviewed cases
of functional GB-NENs associated with rare manifestations reported from 1986 to
2018.

CASE PRESENTATION
Chief complaints
A 65-year-old man was admitted to our hospital with a history of flushing for 2 mo.
The patient had no symptoms of abdominal pain, diarrhea, or jaundice.

History of present illness
Patient’s symptoms started 2 mo ago.

History of past illness
The patient denied a history of hypertension, diabetes, and other relevant illness.

Family history
His father had esophageal cancer.

Physical examination
The physical examination was normal except for the skin. The skin over the face, neck,
upper chest, and limbs was flushed and scaly (Figure 1A and B).

Laboratory examinations
Complete blood count, renal and liver function tests, and erythrocyte sedimentation
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Figure 1

Figure 1 Visible changes of the skin. A, B: The skin over the face, neck, upper chest, and limbs was flushed,
accompanied by desquamation before surgery; C, D: Flushing was obviously relieved on day 5 postoperatively; E, F:
At 2 wk after surgery, flushing faded entirely and skin pigmentation was visible.

rate were within normal limits. Autoimmune serology showed an increased
antinuclear antibody titer (1:40), but antibodies to double-stranded DNA,
ribonucleoprotein, Sm nuclear antigen, scleroderma-70 protein, and Jo-1 protein were
negative. Neuron-specific enolase (NSE) was 34.7 ng/mL (normal range 0–30.0
ng/mL). Levels of tumor markers including α-fetoprotein, carcinoembryonic antigen,
carbohydrate antigen 125, and carbohydrate antigen 19-9 were in the normal ranges.

Imaging examinations
Computed tomography (CT) revealed GB neoplasm and enlarged lymph nodes
(Figure 2). Magnetic resonance imaging revealed GB neoplasm with liver invasion,
and several enlarged lymph nodes were found in the portacaval space (Figure 3).
High fluorodeoxyglucose uptake was detected in lymph nodes in the portacaval
space, which was considered metastasis, but distant metastasis was not seen by
positron emission tomography (PET) (Figure 4).

Further diagnostic work-up
Pathological specimens of the flushed skin revealed that mucin was deposited
between the collagen bundles in the dermis. Ultrasound-guided needle biopsy from
the GB neoplasm was suggestive of high-grade NEC. Immunohistochemical staining
of the biopsy specimen revealed expression of chromogranin A (CgA), synaptophysin
(SYN), pan-cytokeratin (pan-CK), CK19, and cluster of differentiation (CD) 56.

FINAL DIAGNOSIS
The final diagnosis was GB-NEC due to pathology and immunohistochemistry of the
biopsy specimen.
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Figure 2

Figure 2 Computed tomography examination. A: Gallbladder neoplasm was visible in unenhanced imagery; B:
Gallbladder neoplasm was mildly enhanced in arterial phases; C: Gallbladder neoplasm was mildly enhanced in
venous phases; D: Enlarged lymph nodes were seen in the portacaval space.

TREATMENT
Intraoperative exploration showed that two lymph nodes in the portacaval space were
firm and immovable, which adhered to the pancreas and duodenum respectively, and
therefore could not be harvested completely. En bloc cholecystectomy, resection of
hepatic segments IVb and V, pancreaticoduodenectomy, and regional
lymphadenectomy were performed.

OUTCOME AND FOLLOW-UP
Intraoperative blood loss volume was approximately 300 mL. Operative time was 6 h
and 35 min. No adverse events occurred in the postoperative period. And
postoperative hospitalization duration was 1 mo.
Pathological findings were poorly differentiated NEC with adjacent liver invasion
(Figure 5A), pancreatic invasion, and duodenal invasion. Vascular cancer embolus
was revealed. No lymph node metastasis was revealed in six peripancreatic lymph
nodes and eight perigastric lymph nodes. The neoplasm measured 4.0 cm × 2.0 cm
and was located in the neck of GB. Immunohistochemical staining showed expression
of CgA (Figure 5B), SYN (Figure 5C), pan-CK, CK19, and CD56. Thyroid transcription
factor-1 was detected in a few cells. The GB-NEC was negative for CK7 and glypican3. Ki-67 index was > 80% (Figure 5D).
The level of NSE decreased to 12.6 ng/mL 2 d after surgery. Flushing was
obviously relieved at day 5 postoperatively (Figure 1C and D), and 2 wk after surgery,
flushing faded entirely and skin pigmentation was visible (Figure 1E and F). The
patient refused adjuvant therapy, such as chemotherapy. On telephonic follow-up, the
son stated that the skin became flushed in the 3rd month after surgery and the patient
passed away in the 7th month.

DISCUSSION
GB-NENs account for a particularly small group of NENs. According to a survey by
the Surveillance, Epidemiology and End Result program, the incidence of GB-NEN
was < 0.74/100000 between 1973 and 2005, accounting for 0.5% of all NENs [7] .
Compared to GB adenocarcinomas, GB-NEC has a tendency of advanced disease
progression at diagnosis, poor differentiation of cells and high rate of lymphatic
metastases[8].
Functional NENs might cause symptoms due to peptide hormones. Typical
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Figure 3

Figure 3 Magnetic resonance imaging examination. A: The gallbladder neoplasm was revealed with liver invasion
on T1-weighted imaging; B: The gallbladder neoplasm was revealed with liver invasion on T2-weighted imaging; C:
The neoplasm showed increased signals in contrast-enhanced phase; D: Several enlarged lymph nodes were found
in the portacaval space.

symptoms of carcinoid syndrome are flushing, diarrhea, wheezing, and edema.
Nevertheless, the most common symptom of GB-NENs is epigastric pain. Lack of
distinctive manifestations adds to the difficulty of making correct diagnosis
preoperatively [9] . In addition, because of the lack of early-stage symptoms and
aggressiveness of the carcinoma, GB-NECs are often diagnosed at an advanced stage
with adjacent liver invasion and lymph node metastasis, resulting in poor
prognosis[5,10]. The classification and grading criteria for GB-NENs correlates with Ki67 index and mitotic rate. According to the 2019 World Health Organization
classification of tumors of the digestive system[11], our patient had high-grade and
poorly differentiated NEC, because Ki-67 index was > 80% and the carcinoma was
small-cell type. According to the Eighth Edition of the AJCC Cancer Staging Manual,
the NEC in our case report is classified as T4N0M0.
The clinicopathological features and follow-up results of the reported GB-NENs
associated with rare manifestations, including the present case, are described in Table
1[12-17]. The patient age ranged from 52 to 79 years (mean: 65 years). There were no
significant gender-related differences. Patients had various symptoms, such as
flushing (cases 1 and 6), wheezing (case 1), Cushing’s syndrome (cases 2 and 3),
hypoglycemia (case 4), and watery diarrhea (case 5). GB-NEN can arise in any part of
GB. Immunohistochemically, cases 1, 2, 4, and 6 presented with intense
immunoreactivity for chromogranin and SYN, while cases 1, 4, and 6 presented with
intense immunoreactivity for CD56.
Imaging examinations including ultrasonography, CT, magnetic resonance
imaging, and PET can indicate GB neoplasm. According to an article that compared
CT features between GB-NEN and GB adenocarcinoma, the former showed welldefined margins and had larger hepatic and lymph node metastasis than
adenocarcinomas[18]. One recent study found that primary small cell GB-NENs mainly
presented as a large, heterogeneous GB neoplasm with extraluminal growth[19]. The
GB-NEC in our case manifested as a large neoplasm with hepatic and lymph node
metastasis, in accordance with the above findings. 18F-fluorodeoxyglucose PET/CT
plays an important role in defining aggressiveness of high-grade gastro-enteropancreatic NENs and providing with prognostic information, especially when
combined with 68Ga-labelled somatostatin analogues PET/CT[20]. High sensitivity has
been proved for PET/CT with 68 Ga-labeled peptides in patients with suspected
NENs[21,22]. The utility of Gallium-68-1,4,7,10-tetraazacyclododecane-N,N',N″,N-tetra
acetic acid-D-Phe1-Tyr3-octreotate (68Ga-DOTATATE) PET/CT has been discussed
recently, which gives relevant information for accurate staging of gastro-enteropancreatic NENs and selection of appropriate treatment intervention[23]. Gallium-681,4,7,10-tetraazacyclododecane-N,N',N'',N'''-tetra acetic acid-D-Phe1-Try3-octreotide
( 68 Ga-DOTATOC) PET/CT is reported as an effective tool in the localization of
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Figure 4 Positron emission tomography examination. A, B: Fluorodeoxyglucose uptake was higher in the gallbladder; C, D: Fluorodeoxyglucose uptake was
higher in lymph nodes in the portacaval space; E, F: Fluorodeoxyglucose uptake did not significantly increase in other tissue.

unknown primary NENs[24,25].
GB-NEN is often misdiagnosed preoperatively, and most GB-NENs are discovered
by pathology and immunohistochemistry[26-28]. In order to make a definite diagnosis
preoperatively and selection of appropriate treatment intervention, percutaneous
biopsy can be performed to assess GB neoplasm[29-31]. In 75% of NENs, neoplasm can
stain positive for SYN, followed by CgA.
According to the National Comprehensive Cancer Network Guidelines for
Hepatobiliary Cancer (Version 4. 2019), if GB-NEC is restricted to the lamina propria,
a simple cholecystectomy is adequate. However, for patients with T2 or higher
carcinoma, cholecystectomy combined with hepatic resection and lymphadenectomy
can improve survival. The increased survival rate has been realized for locally
invasive GB-NECs based on radical surgery followed by adjuvant chemotherapy[32]. In
some cases, in which the neoplasm is unresectable or specimen margins have
neoplasm involvement, systemic chemotherapy can be the treatment intervention[2].
Adjuvant therapy is based on dissemination state, resection margin and histological
classification. However, for biliary NEN there are no consensual indications for
adjuvant therapy[33]. Gemcitabine-based and fluoropyrimidine-based combination
chemotherapy regimens are recommended for the treatment of patients with
advanced biliary tract cancer. The role of radiotherapy is unclear. Radiotherapy might
be useful for local control and palliation of pain from metastatic bone disease, but
NENs are generally not sensitive to traditional radiotherapy[34,35]. The effectiveness of
biotherapy (like SST analogs) has been demonstrated in controlling symptoms in
some gastro-entero-pancreatic NENs, such as SST-receptor-positive inoperable gastroentero-pancreatic NEN[36]. In the present case, the patient refused adjuvant therapy
and survived for 7 mo after surgery. Maybe chemotherapy would have inhibited the
recurrence and done some good to the patient’s survival period.
Our case report had several limitations. First, we did not determine levels of serum
CgA, serum serotonin and urinary 5-hydroxyindole acetic acid preoperatively. So we
could not diagnosis the patient’s disease as carcinoid syndrome[37]. However, the
patient’s symptom was of 2 mo duration and was obviously relieved at day 5
postoperatively. In addition, we ruled out immunological disease and dermatosis by
the examination of antinuclear antibody titer, antibodies to double-stranded DNA,
ribonucleoprotein, Sm nuclear antigen, scleroderma-70 protein, Jo-1 protein and
pathological finding of the flushed skin. Therefore, his disease was suspected as
carcinoid syndrome. Second, our case report lacked intra-operatory images and
photographs of the resected neoplasm. We provided the size of the neoplasm and
location to make up for this limitation.
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Figure 5 Pathological examination and immunohistochemical staining (20 ×). A: Hematoxylin and eosin staining
revealed poorly differentiated gallbladder neuroendocrine carcinoma with liver invasion; B: Immunohistochemical
staining revealed positive expression of chromogranin A; C: Immunohistochemical staining revealed positive
expression of synaptophysin; D: Immunohistochemical staining revealed that the Ki-67 index was > 80%.

CONCLUSION
In most cases, the symptoms of patients with GB-NEN are not distinctive, but it
should be kept in mind that a few patients present with carcinoid syndrome.
Distinctive manifestation combined with imaging helps to make correct preoperative
diagnosis. Percutaneous biopsy can be an option to identify the neoplasm
characteristics. Radical surgery including cholecystectomy and hepatic resection
combined with regional lymphadenectomy plus adjuvant chemotherapy is
recommended for advanced GB-NEC. Further studies on chemotherapy,
radiotherapy, and biotherapy are needed for the standardization of treatment
intervention including surgery.
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Table 1 Patient details, neoplasm localization, pathology, treatment, and follow-up of reported functional gallbladder neuroendocrine
neoplasms
Case

Ref.

Age in yr, sex Presentation

1

Monier et al[12]

60, M

2

Lin et al[13]

65, F

3

Physical
examination

Primary site

Pathology

Epigastric pain, NA
jaundice,
flushing,
cough,
wheezing

fundus of GB

Size: NA; PI: ~ NA
60%; IHC:
Chromogranin
A (+),
synaptophysin
(+), CD56 (+),
CK7 (+),
polyclonal
carcinoembryonic antigen
(+), Caudaltype homeobox
transcription
factor 2 (+), S100 (−), CK20
(−), CD10 (−),
CK19 (−),
prostatespecific antigen
(−),thyroid
transcription
factor-1 (−),
HepParl (−)

NA

3 mo
progressive
generalized
weakness and
anorexia

Proximal
muscle
weakness,
hirsutism,
moon face,
buffalo hump

Body of GB

Size: NA; PI:
NA; IHC:
Chromogranin
(+),
synaptophysin
(+),
adrenocorticotropic hormone
-stain (+)

Hepatic
metastasis 2 mo
after surgery

Howlett et al[14] 68, F
and Coates et
al[15]

NA

Cushing’s
syndrome

GB

Size: NA; PI:
NA
NA; IHC:
Neuron specific
enolase
immunostaining (+)

4

Ahn et al[16]

52, F

Episodic
hypoglycemia
of 10 mo
duration

NA

GB

Size: 10.3 cm ×
7 cm × 5.3 cm;
PI: NA; IHC:
CD56 (+),
chromogranin
(+),
synaptophysin
(+),
immunochemical staining for
insulin (+)

5

Salimi et al[17]

79, M

Watery
diarrhea,
abdominal
pain, and
weakness for
several weeks

NA

GB

Size: 0.5 cm in NA
thickness and
1.5 cm in
diameter; PI:
NA; IHC:
Neuron specific
enolase
immunostaining (+),
chromogranin
(+)
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Treatment

Cholecystectomy and
wedge-shaped
liver resection

Follow-up

Survived for 1
mo following
presentation

Hepatic
NA
segmentectomy
, cholecystectomy,
pancreaticosplenectomy

February 14, 2020

The patient
died on his 3rd
day of
hospitalization
from multiple
organ failure
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6

Present case

65, M

A history of
flushing for 2
mo

The skin over
neck of GB
face, neck,
upper chest and
limbs flushed
and was scaly

Size: 4.0 cm ×
2.0 cm; PI: Ki-67
(80%+++); IHC:
Chromogranin
A (+),
synaptophysin
(+), pan-CK (+),
CK19 (+), CD56
(+), thyroid
transcription
factor-1 (a few
+), CK7 (−),
glypican-3 (−)

En bloc
cholecystectomy, resection
of hepatic
segment IVb
and V, Whipple
and regional
lymphadenectomy were
performed

The skin
became flushed
in 3rd month
after surgery
and the patient
passed away in
7th month

M: Male; F: Female; NA: Not available; GB: Gallbladder; PI: Proliferation index; IHC: Immunohistochemistry; CD: Cluster of differentiation; CK:
Cytokeratin.
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