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Mechanisms of peritoneal dissemination in gastric cancer (Review)
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Abstract. Peritoneal dissemination is the most frequent meta-
static pattern of gastric cancer, but the mechanisms underlying
peritoneal dissemination are yet to be elucidated. Paget's ‘seed
and soil” hypothesis is recognized as the fundamental theory
of metastasis. The ‘seeding’ theory proposes that the formation
of peritoneal dissemination is a multistep process, including
detachment from the primary tumour, transmigration and
attachment to the distant peritoneum, invasion into subperito-
neal tissue and proliferation with blood vascular neogenesis. In
the present review, the progress of each step is discussed. Milky
spots, as a lymphatic apparatus, are indicative of lymphatic
orifices on the surface of the peritoneum. These stomata are
open gates for peritoneal-free cancer cells to migrate into the
submesothelial space. Therefore, milky spots provide suitable
‘soil” for cancer cells to implant. Other theories have also
been proposed to clarify the peritoneal dissemination process,
including the transvessel metastasis theory, which suggests
that the peritoneal metastasis of gastric cancer develops via a
vascular network mediated by hypoxia inducible factor-1a.
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1. Introduction

There were an estimated ~1 million incident diagnoses of
gastric cancer globally in 2012, half of which occurred in
Eastern Asia, particularly in China (1). Although the incidence
of gastric cancer has reduced in the past few decades, it remains
the 5th most frequently diagnosed type of cancer and the 3rd
leading cause of cancer-associated mortality globally (1).
Peritoneal dissemination is the typical metastatic pattern in
gastric cancer and data obtained from between 1969 and 1988
in Japan indicated that peritoneal recurrence accounted for
>40% of recurrence cases (2,3). To date, there is no standard
treatment for peritoneal metastasis. Therefore, investigating the
underlying mechanisms of peritoneal dissemination is required
for efficient treatment and to further improve the prognosis of
patients. Paget's ‘seed and soil’” theory has been established as
the fundamental theory of peritoneal dissemination in gastric
cancer (4,5). This hypothesis compares the viable cancer cells
to ‘seeds’ and the suitable microenvironment of the metastatic
sites to ‘soil’ (6). The current review will thoroughly discuss
the underlying mechanisms of peritoneal dissemination in
gastric cancer, based on the ‘seed and soil’ theory.

The ‘seeding’ theory demonstrates that several consecutive
steps participate in the development of peritoneal dissemi-
nation, including detachment from the primary tumour,
transmigration to the peritoneum, attachment to peritoneal
mesothelial cells or lymphatic stomata, invasion through the
basement membrane to subperitoneal tissue and proliferation
with blood vascular neogenesis (Fig. 1) (7). Finally, the prog-
ress of these processes is discussed.

2. Detachment from the primary tumour

Detachment of cancer cells from the primary tumour is consid-
ered the 1st step of peritoneal dissemination. These detached
cancer cells are designated peritoneal-free cancer cells and
the positive rate of cytological examination is associated with
the depth of tumour invasion and degree of differentiation (8).
With the recent rapid development of molecular biology tech-
niques, various novel tumour markers have been identified to
be predictors of subclinical peritoneal dissemination in gastric
cancer. Epithelial (E)-cadherin mediates the adherens junc-
tion between homophilic cells, inhibiting the ability of gastric
cancer cells to detach from the primary tumour. S100 calcium
binding protein A4 (S100A4) affects cancer cell motility via
the alteration of cytoskeletal dynamics. Gastric cancer cells
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Figure 1. Peritoneal dissemination model of gastric cancer. (1) Detachment from the primary tumour (E-cadherin, SI00A4). (2) Transmigration to the
distant peritoneum (CXCL12/CXCR4). (3) EMT of peritoneal mesothelial cells (TGF-f1, CD44). (4) Attachment of gastric cancer cells to the ECM factors
secreted by PMCs (integrin). (5) Invasion into subperitoneal tissue (MMP, motility factors). (6) Proliferation with infiltration of stromal cells, particularly
CAF (CXCL12/CXCR4). (7) Invasion into the milky spots through lymphatic orifices. EMT, epithelial-mesenchymal transition; ECM, extracellular matrix;
PMC, peritoneal mesothelial cells; CAF, cancer-associated fibroblasts; TAM, tumour-associated macrophages; E-cadherin, epithelial-cadherin; S100A4, S100
calcium binding protein A4; CXCL12, C-X-C motif chemokine ligand 12; CXCR4, C-X-C motif chemokine receptor 4; TGF, transforming growth factor; CD,

cluster of differentiation; MMP, metalloproteinases.

with downregulated epithelial (E)-cadherin and upregulated
S100A4 expression have an increased probability of under-
going serosal involvement and peritoneal dissemination (9).

Primary tumours are the principal source of peritoneal-free
cancer cells; two other sources are metastatic lymph nodes and
surgical dissection (10,11). For patients without serosal invasion,
Marutsuka et al (10) demonstrated that lymph node dissection
opens lymphatic channels, which spreads cancer cells into the
abdominal cavity. A recent study performed cytology analysis
of peritoneal wash fluid via reverse transcription-quantitative
polymerase chain reaction (RT-PCR) prior to and following
a gastrectomy, and demonstrated that, of 57 peritoneal wash
samples with no carcinoembryonic antigen (CEA) or cyto-
keratin (CK)20 prior to gastrectomy, 35 samples had CEA or
CK?20 positivity following the gastrectomy (11). These results
confirmed that surgery may induce viable cancer cell efflux
into the peritoneal cavity during a curative gastrectomy (11).
Therefore, it is important for surgeons to adhere to surgical
standards and perform the required actions to eliminate these
viable cancer cells during surgery using modalities such as
hyperthermic intraperitoneal chemotherapy.

3. Transmigration to the distant peritoneum

The next step of peritoneal dissemination is transmigration
of peritoneal-free cancer cells to the distant peritoneum. The

sites where cancer cells adhere are not randomly selected
but are promoted by chemokines and corresponding recep-
tors (12,13). Chemokines and their receptors have an important
role in promoting the migration of leucocytes (14). However,
chemokine receptors have recently been the focus of attention
as the expression of chemokines receptors on cancer cells,
particularly C-X-C motif chemokine receptor 4 (CXCR4),
is associated with cancer cell migration and metastasis (15).
CXCR4 was first reported as a chemokine receptor that
participates in the lung metastasis of breast cancer (16). An
increasing number of studies have demonstrated that the CXC
chemokine ligand 12 (CXCL12)/CXCR4 axis participates
in the development of peritoneal dissemination in gastric
cancer (17). It is hypothesized that CXCL12 is produced by
peritoneal mesothelial cells and attracts gastric cancer cells
expressing CXCR4 (17). The positive rate of CXCR4 expres-
sion is significantly higher in primary gastric cancer with
peritoneal metastasis (67%), compared with other types of
distant metastasis (25%) (15). Although 85% of patients who are
positive for CXCR4 develop peritoneal metastasis, the propor-
tion of patients who are negative for CXCR4 is only 48% (15).
In addition, high concentrations of CXCL12 are detected in
malignant ascitic fluids (15). These results are concordant with
the CXCL12/CXCR4 axis serving an important function in the
peritoneal dissemination in gastric cancer; therefore, CXCR4
may be a novel target for treatment.
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4. Adhesion to the peritoneum

Adhesion of gastric cancer cells to the peritoneal lining
is a crucial step in peritoneal dissemination. Formation of
peritoneal dissemination from peritoneal-free gastric cancer
cells is considered to occur through two distinct processes:
Transmesothelial and translymphatic metastasis.

Transmesothelial metastasis originates from the attachment
of peritoneal-free cancer cells to the mesothelium (18). Human
peritoneal mesothelial cells (HPMCs) have a vital role in this
process. Normal peritoneum is composed of a single layer of
mesothelial cells closely connecting with each other, creating an
anatomical barrier that prevents peritoneal-free gastric cancer
cells from invading into submesothelial tissues (19). However,
the morphology of HPMC:s is altered by stimulation with a
number of the growth factors secreted by cancer cells. The alter-
ation in morphology from epithelial-like to mesenchymal-like
is termed the epithelial-mesenchymal transition (EMT) (20).
The EMT is characterized by the attenuation of E-cadherin
expression and elevation of a-smooth muscle actin (SMA)
expression (20). HPMCs that have undergone EMT take on a
spindle-like, fibroblastic-pattern morphology, which promotes
a space between mesothelial cells and exposes the basement
membrane to cancer cells (21). Transforming growth factor 1
(TGF-P1) serves an important role in the progress of EMT (22).

TGF-p1 is part of the TGF-3 superfamily that controls the
proliferation and differentiation of the majority of cells; it is
a crucial promoter in several fibrotic diseases (23). TGF-31
has been established to promote the expression of extracellular
matrix (ECM) factors, including collagen, through Smad3
and the conversion of renal tubular epithelial cells into fibro-
blasts in the kidney via Smad?2 (24). Regarding gastric cancer,
TGF-p1 levels detected using an ELISA with peritoneal wash
fluid samples are associated with peritoneal dissemination
and depth of invasion (18). Furthermore, TGF-f1 induces the
EMT of HPMCs in vitro and in vivo (25). Subsequent previous
studies have further demonstrated that TGF-f1 increases the
expression of collagen I in rat peritoneal mesothelial cells
via the c-Jun N-terminal kinase (JNK)/Smad3 signalling
pathway, and of collagen III and fibronectin of HPMCs via
Smad?2 (26,27). Consequently, mesothelial cells stimulated
by TGF-p1 promote peritoneal fibrosis via upregulating the
expression of ECM proteins, including collagen I, collagen III
and fibronectin (18). Cancer cells may anchor to the ECM via
adhesion molecules; therefore peritoneal fibrosis mediated by
TGF-p1 provides an effective ‘soil’ for dissemination.

Several regulatory factors modulate the function of TGF-f31,
including connective tissue growth factor (CTGF) (28), angio-
tensin II (Ang II) (29) and phytosulphokine (PSK) (30). CTGF
is an important downstream effector of TGF-f1. A previous
study demonstrated that CTGF induces the EMT of HPMCs
directly and that EMT that is mediated by TGF-p1 is reversed
when the cells are transfected with CTGH small interfering
(si)RNA (28). These results are concordant with CTGF partici-
pating in the progress of EMT, mediated by TGF-f1. Ang 11
is a member of the renin-angiotensin system (RAS) and the
identification of local RAS in cancer tissues brings more atten-
tion to the function of Ang II in the development of cancer.
Local RAS indicates that Ang II is converted directly from
Ang I in tumour tissues in an angiotensin-converting enzyme
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(ACE)-independent manner. In vitro studies have demonstrated
that Ang II increases the expression levels of TGF-f1 and is
inhibited by candesartan, a type of angiotensin II type 1 block
(ARB) (29). These results indicated that ARBs may be used to
treat fibrosis in peritoneal dissemination (29). Protein-bound
polysaccharide K (PSK), used as an anticancer immunologic
adjuvant therapy, is considered to prolong the survival of
patients with gastric cancer (31). PSK has been established to
suppress the TGF signalling pathway (32). Shinbo et al (30)
reported that PSK inhibits the EMT of HPMCs induced by
TGF-B1 in vitro, and the co-inoculum of gastric cancer cells
and HPMC:s significantly inhibits fibrosis in xenograft tumours.
These results suggest that PSK may be used to control tumour
fibrosis in gastric cancer.

Cluster of differentiation (CD)44, a type of adhesion mole-
cule produced by gastric cancer cells, also contributes to the
contraction of mesothelial cells by phosphorylating the cellular
skeleton (33). All of these factors result in morphological altera-
tion of HPMCs and peritoneal fibrosis, which provides suitable
‘soil” for peritoneal-free cancer cells. Consequently, cancer
cells migrate through a layer of mesothelial cells and further
attach to the ECM expressed by HPMCs to expose the base-
ment membrane mediated by integrin molecules (34). Integrins
are membrane-bound proteins that mediate the direct contact
between cells and the extracellular matrix (34). Integrins are
composed of two distinct chains, the a and 3 subunits (35).
There are 18 a-integrin subunits in mammals. Amongst
these subunits, al, a2, a3 and 1 have been reported to be
closely associated with the peritoneal dissemination of gastric
cancer (36,37), particularly a3f1 integrin (34), which medi-
ates gastric cancer cell adhesion to laminin. A recent study
identified that CTGF effectively blocks adhesion by binding to
a3p1 integrin, and the authors hypothesized that recombinant
CTGF may have therapeutic potential (38).

5. Invasion into subperitoneal tissue

Degradation of the ECM and the basement membrane is benefi-
cial for the invasion of cancer cells. Matrix metalloproteinases
(MMPs) are able to degrade all types of ECM. MMP7, and
MMP14 are synthesized primarily by cancer cells, whilst other
MMPs are synthesized by cancer cells and stromal cells (39).
The level of MMP7 in peritoneal lavage was detected using
RT-PCR and the results demonstrated that MMP7 expression
is associated with peritoneal metastasis, for which the sensi-
tivity was 53.3% (40). In addition, the expression of MMP14, as
detected using RT-PCR of peripheral blood and bone marrow
samples, is associated with peritoneal dissemination in gastric
cancer (41). MMPs are suppressed by tissue inhibitor metal-
loproteinases (TIMPs) (42). Miyagi et al (43) transfected the
TIMP-1 gene into gastric cancer cells using adenoviral vectors
and identified that the cell invasion ability was reduced, as
analysed using an in vitro invasion assay, and the weight of
the metastasis peritoneal nodes was also significantly reduced
in in vivo studies, compared with those in the control group.
Notably, when detecting TIMP-1 concentrations in tumour
tissues using ELISA, high levels of TIMP-1 are associated with
peritoneal dissemination and an unfavourable prognosis (44).
Consequently, MMP7/MMP14 and TIMP-1 may be used as
efficient markers to predict peritoneal dissemination.
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Gastric cancer cells require the ability to migrate in order
to invade the gastric wall and subperitoneal tissue. Motility
factors are expressed by cancer cells to promote cell invasion
and migration. c-MET, also known as hepatocyte growth
factor (HGF) receptor, is a membrane receptor that partici-
pates in the development of certain types of disease, including
cancer, autism, and cardiac dysfunction (45). HGF is the only
established ligand of c-MET (46). High expression levels of
HGF and c-MET are associated with peritoneal dissemination
and a reduced median survival time (47). Toiyama et al (47)
demonstrated that HGF promotes invasiveness, the migration
of gastric cancer cells and the inhibition of anoikis, which was
inhibited by the kinase inhibitor SU11274.

Brain-derived neurotrophic factor (BDNF) is part of the
neurotrophin family of growth factors and has been demon-
strated to bind to >2 receptors, including tropomyosin-related
kinase B (TrkB) and low affinity nerve growth factor
receptor (48). BDNF expression levels in the invasive cells
of tumours are significantly increased compared with those
in the core cells and in the normal mucosa (49). In addition,
co-expression of BDNF/TrkB is associated with the prognosis
of gastric cancer (49). This study has also confirmed that
BDNF promotes the proliferation, migration and invasion of
gastric cancer cells that express TrkB in vitro, and that the Trk
antagonist K252 significantly decreased the tumour size and
the number of peritoneal dissemination sites, compared with
the control group, in vivo (49).

Annexin Al (AnxAl) is a member of the Ca**-dependent
phospholipid-binding protein family and was initially consid-
ered to be a glucocorticoid-regulated anti-inflammatory
protein (50). Recently, AnxAl has been of increasing
relevance as it has diverse effects on cellular functions (51).
Cheng et al (52) demonstrated that elevated expression levels
of AnxAl were associated with peritoneal dissemination.
Results in this study also identified that AnxAl activates the
formyl peptide receptor signals, which further activate the
mitogen-activated protein kinase 1 (ERK)/integrin 3-1-binding
protein 1 pathway to promote the migration and invasion of
gastric cancer cells (52).

When gastric cancer cells invade into subperitoneal tissue,
growth factors secreted by cancer cells and stromal cells,
including vascular endothelial growth factor (VEGF)-A and
VEGF-C, further promote cell proliferation and vascular
neogenesis (53).

6. Promotion of metastasis by CAF

It is well established that tumour tissues contain cancer cells
and cancer stroma (54). Interactions between the cancer
cells and cancer stroma induce the processes of invasion
and migration. The stroma is comprised of numerous types
of mesenchymal cells and extracellular matrix. Cells of the
cancer stroma include fibroblasts, immune cells, endothelial
cells and other types of bone marrow-derived cells (55).
Carcinoma-associated fibroblasts (CAFs), which consist of
both fibroblasts and myofibroblasts, are frequently observed
in the stroma of human carcinomas (56). Myofibroblasts, as
the form of activated fibroblasts, are characterized by the over-
expression of a-smooth muscle actin (a-SMA) and vimentin,
compared with fibroblasts (56).
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CAFs produce numerous types of growth factors, cyto-
kines, chemokines, MMPs and ECM proteins that promote
the progression of tumours. CAFs are able to stimulate
angiogenesis via the secretion of VEGF, promote tumour cell
proliferation via CXCLI12, induce tumour cell invasion via
TGF-p1 and decrease tumour cell death via an anti-apoptosis
factor, secreted frizzled-related protein 1 (55).

As for the sources of CAFs, a previous study that reported
the origin of myofibroblasts in kidney fibrosis could provide
implications (57). The results suggested that myofibroblasts
arise from four sources, proliferation of resident fibroblasts
(50%), differentiation from bone marrow (35%), and transi-
tion from endothelial (10%) and epithelial (5%) forms (57).
However, the sources of CAFs in peritoneal metastasis
nodes from gastric cancer have yet to be fully elucidated.
Fuyuhiro et al (58) reported that the ratios of myofibroblasts to
fibroblasts in tumour tissue are significantly higher compared
with those in normal gastric tissue. Additionally, the ability
of gastric cancer cells to migrate and invade is increased by
CAFs, a function that may be attenuated using Smad2 siRNA
and an anti-TGF-f3 antibody (58). These results indicated that
CAFs have a crucial role in the growth and invasion of gastric
cancer cells (58). Another previous study verified that HPMCs
are one source of CAFs (25). HPMCs have a spindle-shaped
morphology following the stimulation of TGF-f and these
activated HPMCs are more invasive. The molecular mecha-
nisms by which PMCs are incorporated into tumour structures
have also been clarified (59). A previous study demonstrated
that PMCs create the invasion front of peritoneal metastasis
in a manner dependent on the activation of a tyrosine kinase
substrate with five SH3 domains, a substrate of Src kinase (59).
Furthermore, it has recently been identified that CAFs originate
from bone marrow-derived cells (60). Bone marrow-derived
cells that adopt a fibroblast-like morphology in the circula-
tion are referred to as fibrocytes. Fibrocytes express the
cell markers of leucocytes (CD45) as well as the markers of
mesenchymal cells (collagen I). In addition, elevated levels of
CXCL12 in gastric cancer cells and of CXCR4 in fibrocytes
can be detected, indicating that CXCL12/CXCR4 may partici-
pate in the migration of fibrocytes from the bone marrow to
gastric cancer sites (60).

Taken together, CAFs in gastric cancer originate from
orthotopic fibroblasts, HPMCs and bone marrow-derived
cells, and they promote the progression of gastric cancer in
a number of ways (25,58,60). The CXCL12/CXCR4 axis may
be required in the migration of CAFs. In the tumour microen-
vironment, TGF-f1, which originates from cancer cells and
CAFs, has an important role in the interaction between cancer
cells and CAFs (61). TGF-p1 secreted by cancer cells promotes
the transition to myofibroblasts and, in turn, myofibroblasts
can secrete TGF-f1, which further stimulates the proliferation
of cancer cells (61).

An increasing number of studies have focused on the
underlying mechanisms by which CAFs promote the progres-
sion of gastric cancer. The CAFs in gastric cancer have
high expression levels of HGF and are one of the sources of
secreted HGF in the microenvironment (62). HGF enhances
the proliferation and migration of gastric cancer cells via
paracrine signalling (62). A number of ECM proteins secreted
from CAFs also have a role in the promotion of gastric cancer,
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including asporin and periostin (63,64). Asporin belongs to a
family of small leucine-rich proteoglycans and is a primary
non-collagen component of ECM (65). Asporin is typically
secreted by CAFs into the microenvironment of gastric
cancer (63). Asporin in the microenvironment promotes
invasion of CAFs and surrounding cancer cells through the
CD44/Racl pathway (63). Periostin (POSTN), produced
by fibroblasts, participates in the adhesion and migration of
epithelial cells (66). Kikuchi et al (64) reported that POSTN
is secreted by CAFs and enhances the proliferation of gastric
cancer cells via the activation of ERK. In vivo investigation
has further demonstrated that co-inoculation of gastric cancer
cells with fibroblasts expressing POSTN facilitates tumour
formation (64). The ECM proteins secreted by CAFs provide
an optimal microenvironment for gastric cancer. Furthermore,
a multitude of molecules, including growth, transcription and
inflammatory factors, are also highly expressed in CAFs and
stimulate the invasion of gastric cancer cells; these include
fibroblast growth factor 9 (67), Twist 1 (68), interleukin 22 (69),
galectin-1 (70) and transgelin (71). Consequently, CAFs, as
important components of stromal cells, secrete numerous
molecules that further promote tumourigenesis.

7. Milky spots

Another metastatic process of peritoneal dissemination is
translymphatic metastasis. Lymphatic orifices, also known
as stomata, are the gates on the peritoneal surface to the
underside of capillary lymphatic vessels (72). Furthermore,
there are gaps amongst the mesothelial cells covering
stomata; therefore, peritoneal-free cancer cells are able to
invade the submesothelial space through these stomata (73).
The lack of the physical barrier presented by the compact
HPMC monolayer indicates that translymphatic metastasis
does not require numerous stages, unlike transmesothelial
metastasis. Therefore translymphatic metastasis is frequently
developed at an earlier stage compared with transmesothelial
metastasis (73). Stomata are primarily located in the greater
omentum, diaphragm, small bowel mesentery, pelvic perito-
neum and falciform ligament, whilst the anterior abdominal
wall, liver capsule, surface of the gastric wall and small bowel
do not typically have lymphatic orifices (7). Hagiwara et al (73)
initially identified milky spots on the peritoneum and malig-
nant cells were revealed to implant into these sites. Milky
spots are located in the greater omentum, mesenterium and
pelvic floor in humans (7). However, there are no milky spots
on the anterior parietal peritoneum, liver capsule or serosal
surface of the small bowel (73). Therefore, these peritoneal
regions are not invaded until the late stages of peritoneal
metastasis with massive malignant ascites (73). Milky spots
are specific to lymphoid tissue on the peritoneum and consist
primarily of macrophages, as well as a number of lymphocytes
and mastocytes (74). There are numerous lymphatic orifices on
the surface of milky spots and macrophages migrate into the
peritoneal cavity via these stomata (74).

As a lymphatic apparatus, milky spots have a vital role in
peritoneal defence (75). However, it appears contradictory that
anumber of previous studies have reported that peritoneal-free
cancer cells preferentially localize on milky spots (73,76).
There are numerous reasons for this paradox, besides the
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stomata exposing the submesothelial tissue to the cancer cells.
Firstly, the levels of cellular adhesion molecules, including
intercellular adhesion molecule 1, of the mesothelial cells
that are on the surface of milky spots are increased compared
with in other peritoneal regions, which may promote cell
adhesion (77). Secondly, Oosterling et al (76) observed that
the milky spots are insufficient to prevent peritoneal dissemi-
nation even in minimal residual disease, suggesting that an
omentectomy may be required to prevent peritoneal dissemi-
nation for certain intra-abdominal malignancies. Thirdly,
when exposed to gastric cancer cells, peritoneal milky spot
macrophages remodel into an alternative active macrophage
(M2 macrophages) phenotype, which are designated as
tumour-associated macrophages (TAMs) (78). TAMs have
been established to promote angiogenesis and the prolifera-
tion of cancer cells (79). A previous study demonstrated that,
when co-cultured with gastric cancer cells, macrophages have
downregulated the expression of CD80, CD86 and major histo-
compatibility complex-II, but also upregulated the expression
of CD206 (78). These TAMs further induce HPMC apoptosis
and fibroblastic transformation, providing an optimal microen-
vironment for the growth of gastric cancer cells.

Recently, the C-C motif chemokine ligand 22 (CCL22)/CC
chemokine receptor 4 (CCR4) axis has been the focus of
more studies as it participates in the infiltration of gastric
cancer cells into milky spots. A previous study established
that gastric cancer cells express CCR4, and that CCL22 may
also be detected within omental milky spots (80). CCL22
increases the proliferation and migration of gastric cancer
cells in vitro (80). These results indicate that CCL22/CCR4
may participate in this selective infiltration process (80).
Furthermore, milky spots are rich in capillaries and the
surrounding vascular density is high (81). CD105* vessels and
vascular sprouts have been also located within milky spots,
indicating that angiogenesis is active (81). Additionally, milky
spots also serves as a hypoxic niche, which enhances the
self-renewing capacity of gastric cancer stem/progenitor cells
regulated by hypoxia-inducible factor-lo (HIF-1a) (82).

Consequently, milky spots, as a lymphatic apparatus,
participate in the immune defence of the peritoneal cavity.
However, stomata on the milky spots provide a gate via which
peritoneal-free cancer cells may migrate into the submesothe-
lial space.

8. Involvement of microRNA in peritoneal dissemination

Microarray analysis has been used to systematically search
aberrantly expressed microRNA (miRNA) that is associated
with human cancer. miRNAs are small non-coding RNAs
that have a role in the post-transcriptional regulation of gene
expression. An increasing number of studies have demon-
strated that miRNAs are associated with tumour development
and progression (83,84). Certain miRNAs have been estab-
lished to be associated with peritoneal dissemination in gastric
cancer (85-87). Zheng et al (85) reported that microRNA
(miR)-409-3p inhibited the ability of gastric cancer cells to
invade and metastasise via targeting radixin. Another previous
study demonstrated that miR-495 and miR-551a suppressed
gastric cancer cell migration and invasion by targeting PRL-3,
which exhibits significantly increased expression levels in
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primary gastric cancer cells with peritoneal dissemina-
tion (86). miR-25 was identified to enhance gastric cancer
progression by targeting Erb-B2 receptor tyrosine kinase 2
both in vitro and in vivo (87). Other miRNAs have been
reported to correlate with peritoneal dissemination in gastric
cancer, including miR-200b (88), miR-125a-3q (89) and let-7
miRNAs (90). These studies, regarding miRNAs, present a
novel therapeutic target for suppressing peritoneal dissemina-
tion in gastric cancer. Takei et al (91) established an orthotopic
implantation model for the peritoneal metastasis of gastric
cancer and demonstrated that inoculation with mi-516a-3q
cells resulted in significantly increased survival periods,
compared with inoculation with control cells.

9. Transvessel metastasis theory

Paget's ‘seed and soil’ theory is the mainstream theory for
the formation of peritoneal dissemination in gastric cancer.
However, a number of studies have questioned the validity
of this theory and have proposed certain alternative mecha-
nisms to explain the progress of peritoneal dissemination.
Miyake et al (92) suggested a hypothesis wherein peritoneal
dissemination is a type of transvessel metastasis mediated
by HIF-la. HIF-1la is a subunit of the heterodimeric tran-
scription factor HIF-1 and is an important regulator of the
cellular response to hypoxia. Recent studies have implied
that hypoxia participates in each step of the cancer metastasis
cascade, including EMT, invasion, intravasation, homing
and proliferation to secondary organs (93-95). All of these
results have indicated that HIF-1a may be a vital regulator in
cancer metastasis. Miyake et al (92) established orthotopic
implantation (o0.i.) and conventional intraperitoneal injection
(i.p.) models to mimic the peritoneal dissemination of gastric
cancer. Results showed that HIF-1a was crucial for the devel-
opment of peritoneal dissemination in the o.i. model, whereas
it had an inhibitory role in the peritoneal dissemination in the
i.p. model (92). These results confirm the angiogenesis func-
tion of HIF-1a and indicate the ‘seeding’ theory may not be
correct (92). In addition, another previous study has suggested
that the subperitoneal space comprises blood vessels, the
lymphatics, lymph nodes and fatty tissue, which provide an
important passageway for cancer cells within the peritoneal
cavity (96). This previous study supports the transvessel
metastasis hypothesis to a certain extent. However, further
studies are required to validate the accuracy of this theory.

10. Conclusion

A number of previous studies have focused on the molecules
involved in the peritoneal dissemination of gastric cancer, and
each step of the process demonstrates the stimulation of various
molecules, including growth factors, cytokines and chemo-
kines. Furthermore, microarray analysis has been increasingly
used to systematically identify metastasis-associated genes,
including their associated mRNAs and miRNAs. Additionally,
it may be possible to predict, prevent and treat peritoneal
metastasis by targeting these molecules. Previous studies have
primarily focused on the characteristics of malignant cancer
cells, but an increasing number of studies have focused on
the tumour microenvironment, particularly milky spots and
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the tumour stroma (54,64). Milky spots are specific sites for
peritoneal metastasis and numerous studies have demonstrated
that milky spots are the first metastasis location for free cancer
cells. Stroma, as a component of tumour tissue, interacts
with cancer cells and promotes cell invasion and migration.
However, the most frequently used peritoneal dissemination
model was established using the i.p. model of gastric cancer
cells. This model does not include the initial steps of dissemi-
nation, such as invasion in the gastric wall and the detachment
from the primary tumour. Therefore, a more persuasive
orthotopic implantation model would mimic the formation of
peritoneal dissemination. The underlying mechanisms of peri-
toneal metastasis remain in dispute. The transvessel metastasis
theory has been recently proposed by Miyake et al (92) and
provides more information and the novel therapeutic target
HIF-1a. However, further investigation is required in order to
validate this hypothesis.
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