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Abstract
Tumor-associated macrophages (TAM) have been shown to support tumor growth and progression
by various mechanisms. However, the roles of TAM in gastric cancer (GC) peritoneal metastasis
remain elusive. To explore the roles of macrophages in the process of GC peritoneal metastasis, we
performed the present study. Samples from the primary GC tumor beds, surgical margins,
peritoneal metastatic lesions and surrounding tissue, and the Pouch of Douglas, were collected,
fixed by formalin, and embedded with paraffin. Immunohistochemistry staining for macrophages
markers was performed. The peritoneal lavage was obtained from a fraction of patients to analyze
the ratios of epidermal growth factor (EGF)- and vascular endothelial growth factor
(VEGF)-secreting macrophages in the peritoneal cavity. GC patients with peritoneal metastasis had
increased levels of macrophages and alternatively activated macrophages in the peritoneum
compared to those without dissemination. Patients bearing more macrophages in the peritoneum
had a poorer prognosis. GC patients bearing peritoneal metastasis harbored an increased level of
angiogenesis. Macrophages in the peritoneal cavity were a source of EGF and VEGF.
Macrophages in the peritoneum of GC patients play a supportive role for peritoneal metastasis by
producing EGF and VEGF. Macrophages in the peritoneum might be a therapeutic target in the
future.
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Introduction
Gastric cancer (GC), one of the most common
cancers worldwide, marks the 4th most common rank
of prevalence and the 2nd highest rate of
cancer-related mortality [1-4]. The prognosis of GC
patients is poor, whose 5-year survival rate is less than
20%, despite radical surgery can be applied to those
with the early stages of the disease [5-7]. Even
received an R0 (no residue tumor) radical resection,
GC patients still have a relatively high risk of
recurrence. A retrospective analysis for GC patients in
the United States showed that 42% of GC patients
undergoing an R0 resection had at least one recurrent
event after surgery, among whom 76% were detected

within 2 years after surgery [8]. In patients with
recurrent GC, 29% have peritoneal metastasis, which
represents the most prevalent pattern of relapse [9].
Peritoneal metastasis of GC is one of the
incurable factors [10]. A fraction of GC patients are
diagnosed with peritoneal dissemination before or
during the operation, despite an increased number of
early GC patients are being detected by a routine
screening program [7]. A Japanese cohort [9]
demonstrated that the peritoneum was the most
frequent site of post-operative recurrence. The
outcome of GC peritoneal metastasis patients is
extremely poor, whose median overall survival was
http://www.jcancer.org
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reported to be only 3.1 months if left untreated [11].
Although strategies for GC peritoneal spread have
been developed, such as peritoneal cytoreductive
surgery plus local or systemic chemotherapy [12], the
outcome remains pessimistic. More importantly,
molecular mechanisms of GC peritoneal metastasis
are poorly understood.
As another half of cancer, cancer stromal cells
play an important role during tumor initiation and
progression [13, 14]. Cancer-related inflammation is
an imperative component of the cancer stroma [13,
15-17], where tumor-associated macrophages (TAM)
are critical for supporting tumor growth and
metastasis [18, 19]. Published clinical data have
demonstrated that the abundance of TAM is
negatively related to the prognosis in prostate,
ovarian and cervical cancer patients, but the data for
GC are contradictory [20]. TAM support tumor
growth and progression by releasing growth factors,
proteolytic enzymes, cytokines, chemokines, and
other mediators, which are critical for angiogenesis
and tumor metastasis [19, 21]. However, the
above-mentioned mechanisms of TAM have not been
tested in the context of GC peritoneal metastasis.
Although TAM have been shown to be
supportive for tumor aggression during GC
angiogenesis [22], the relationship of TAM and GC
peritoneal metastasis remains to be unappreciated.
Therefore, the current study aimed to test the
hypothesis that TAM could have supportive effects
during the process of GC peritoneal metastasis. We
demonstrate here that macrophages in the
peritoneum rather than the primary tumor site play a
critical role in supporting metastatic tumor cells to
develop by producing EGF and VEGF.

of metastasis; and (4) patients had more than 2 years
of cancer-free survival after surgery. In order to make
recruited patients comparable between groups, only
patients with the subserosa invasion (T3) were
involved in this cohort. The disease stages of gastric
cancer in this cohort were classified according to the
Japanese Classification of Gastric Carcinoma--3rd
English Edition [23]. The characteristics of patients
have been summarized in Table 1. All patients were
followed up until death or up to 5 years after surgery.

Materials and Methods

The Ethics Committee of Harbin Medical
University Cancer Hospital approved and supervised
the research proposal (approval number: 20100076).
Written informed consent forms were explained,
agreed, signed, and obtained from each individual.

Patients
Between October 2010 and August 2013, patients
who were diagnosed with GC and received surgery as
the initial treatment in our department were enrolled
in this study. All patients obtained the histological
confirmation of gastric adenocarcinoma and
computerized tomography (CT) scan assessments of
negative remote metastasis before surgery. The
criteria for recruitment of patients with peritoneal
metastasis was that a clear peritoneal lesion could be
removed for histological diagnosis, which was
subsequently verified to be metastatic cancer; whereas
the criteria for non-peritoneal metastasis were: (1) no
obvious peritoneal spread was observed during
surgery; (2) no ascites, and the peritoneal lavage led to
a negative cytological result; (3) frozen sections for
suspect lesions of the peritoneum showed no evidence

Table 1. Clinicopathological characteristics of patients

Gender—no. (%)
Male
Female
Age—no. (%)
<65
≥65
Tumor Location—no. (%)
Middle third
Lower third
Maximal length of
tumor—no. (%)
< 5 cm
≥ 5 cm
Macroscopic Types—no. (%)
3
4
Histological Types—no. (%)
Differentiated
Undifferentiated
Resection —no. (%)
R0
R1
Overall Post-surgery
Survival (month)
Range
Median

Peritoneal metastasis
group (n=200)

Non-metastasis
group (n=200)

p Value

120 (60%)
80 (40%)

120 (60%)
80 (40%)

>0.9999

150 (75%)
50 (25%)

110 (55%)
90 (45%)

0.323

160 (80%)
4 (20%)

160 (80%)
40 (20%)

>0.9999

0 (0)
200 (100%)

20 (10%)
180 (90%)

0.4872

160 (80%)
40 (20%)

160 (80%)
40 (20%)

>0.9999

22 (11%)
178 (89%)

111 (55.5%)
89 (45.5%)

<0.0001

0 (0)
200 (100%)

151 (75.5%)
49 (24.5%)

<0.0001

3-12
8.7

36-60
56.25

<0.0001

Ethical Considerations

Histological Specimens
Surgically resected samples, including the
primary tumors, surgical margins, suspicious
peritoneal metastatic lesions, normal peritoneal tissue
adjacent to the corresponding possible peritoneal
metastasis, and a biopsy from the pouch of Douglas,
were collected immediately after removal, fixed with
formalin and subsequently embedded with paraffin.
All specimens were cut with 4- to 6-μm of thickness
and stained with hematoxylin and eosin. The
histological diagnosis and grade were performed
according to the Japanese Classification of Gastric
Carcinoma-- 3rd English Edition [23].
http://www.jcancer.org
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Immunohistochemistry
Consecutive 4- to 6-μm sections were cut from
each specimen and stained with the corresponding
primary antibodies. The primary antibodies used in
this study included CD68 (a marker for
macrophages),
CD163
(a
marker
for
M2
macrophages), CD34 (a marker for progenitor
endothelial cells as well as neo-angiogenesis [24]),
epidermal growth factor (EGF), and vascular
endothelial growth factor (VEGF). Information
regarding manufacturers and titration of antibodies
was listed in Table 2. Corresponding isotype control
antibodies were served as background staining. Slides
were assessed by two pathologists blindly on a
multi-headed microscope, using a similar approach
published previously [25]. The numbers of CD68-,
CD163-, and CD34-positive cells per 400× high-power
field (HPF) were counted. Five random high-power
fields per sample were viewed for scoring. The results
by the pathologists were subsequently verified by a
computer program (ImageJ, Windows Edition,
National Institute of Health, Bethesda, MD, USA) to
exclude human errors.
Table 2. Details of antibodies used immunohistochemistry
staining
CD68
CD163
CD34

Clone
KP1
10D6
QBEnd-10

Manufacture
Abcam, Shanghai, China
Abcam, Shanghai, China
DakoCytomation, Carpinteria,CA

Titration
1:250
prediluted
1:25

Flow cytometry
The peritoneal lavage was obtained from a
fraction of patients in our cohort (20 patients without
peritoneal metastasis, and 20 with metastasis),
according to a published paper [26]. Biopsy samples
of the pouch of Douglas were dissociated to achieve
single-cell suspensions. Cells were incubated with FC
blockers (eBioscience, Thermo Fisher Scientific,
Waltham, MA, USA) before incubation with targeted
antibodies.
Macrophages
were
defined
as
CD45+CD68+ (florescence-conjugated antibodies, PE
and FITC, respectively; both from eBioscience).
Intracellular staining of EGF and VEGE were
performed by using the corresponding fluorescence
APC-conjugated antibodies (eBioscience) and a
permeabilization-fixation kit (eBioscience). The
titrations of antibodies were used based on the
manufacturer’s instructions. A total of 10,000 cells was
applied using an Original Attune Flow cytometer
(Applied Biosystems, Foster City, CA, USA). The data
were analyzed by Kaluza software 1.3 (Beckman
Coulter, Brea, CA, USA). The proportions of
CD45+CD68+EGF+ cells in CD45+ cells and

CD45+CD68+VEGF+ cells in CD45+ cells were
calculated and compared between patients with and
without peritoneal metastasis.

Statistical analysis
Data were analyzed using GraphPad Prism 6
(GraphPad Software, San Diego, CA, USA). The
equality of comparisons between proportions was
analyzed using Fisher’s exact test. The numbers of
CD68-, CD163- and CD34-positive cells were
presented as mean±SEM (the standard error of
means) and examined with the Student t test. The
rank data was analyzed by Spearman correlation
tests. Non-parametric parameters were compared by
the Mann-Whitney U test. Kaplan-Meier survival
curves were created and compared by the log-rank
statistic. The significance level of the analysis was set
to a p value of less than 0.05.

Results
The abundance of macrophages in the
peritoneum rather than that in the primary
tumor site was related to gastric cancer
peritoneal metastasis.
The expression of CD68, a marker of
macrophages [27], was measured in the primary
tumor bed, surgical margin, and peritoneal metastatic
lesions as well adjacent peritoneal tissue (5 cm from
the margin of a lesion). We expected a higher level of
CD68 expressed in the primary tumor of GC patients
with peritoneal metastasis than those without spread
in the peritoneum. To our surprise, the abundance of
macrophages in the primary tumor bed and that on
the surgical margin had no difference between GC
patients with peritoneal metastasis and those without
metastasis (no peritoneal metastasis v.s. peritoneal
metastasis: tumor bed, 55.83±11.08 v.s. 39±4.91/HPF,
p>0.05; surgical margin, 58.4±39.72 v.s. 22.6±5.29
/HPF, p>0.05. Fig. 1 A, B, and C). We also compared
the abundance of CD68+ macrophages in the
peritoneal metastatic lesions and the adjacent normal
mesothelium tissue. As shown in Fig. 1 D and E, the
abundance of CD68+ macrophages in the metastatic
lesions were comparable to that of adjacent peritoneal
tissue (normal tissue v.s. metastatic tumor, 38.2±3.967
v.s. 43±7.134, p>0.05). Last, we examined the number
of macrophages in the Pouch of Douglas. A standard
procedure was performed, where a small piece of
tissue (3×3 mm) was resected from the centre of the
bottom of the Pouch of Douglas regardless of the
presence of tumors or not. Patients with peritoneal
metastasis
harbored
increased
numbers
of
macrophages in the Pouch of Douglas compared to
those without peritoneal metastasis (no metastasis v.s.
http://www.jcancer.org
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peritoneal metastasis, 10.2±3.36 v.s. 22.4±3.57 /HFP,
p<0.05, Fig. 1 F). These data indicate that macrophages
in the peritoneum (the Pouch of Douglas as an avatar)
play a more important role during the process of
peritoneal metastasis of GC patients with respect to
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macrophages in the primary tumor sites, as the only
difference in the abundance of macrophages was
observed in the Pouch of Douglas between patients
with and without peritoneal dissemination.

Figure 1. GC patients had increased levels of CD68+ macrophages in the peritoneum, rather than the tumor bed and surgical margin. A. Representative
pictures of immunohistochemistry staining of CD68 (stained in brown) in the specimens (400×). The numbers of CD68+ cells in the primary tumor bed (B), surgical margin (C)
showed no statistical significance between the GC patients without peritoneal metastasis and those with peritoneal metastasis. In GC patients with peritoneal metastasis,
peritoneal metastatic lesions had a similar number of CD68+ cells compared to the adjacent peritoneal tissue (D and E). F. GC patients with peritoneal metastasis harbored more
CD68+ cells in the Pouch of Douglas with respect to GC patients without peritoneal metastasis. GC: gastric cancer. PM: peritoneal metastasis. n.s., no significance; *, p<0.05, by
student t tests.

http://www.jcancer.org
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Figure 2. An increased number of CD68+ cells in the Douglas’ Pouch of GC patients was related to a poorer survival. A. The correlation between the number
of CD68+ cells per HPF and the overall survival after operation. The number of CD68+ cells was negatively correlated with overall survival. p<0.0001, by Pearson r tests. B. The
survival curves of the groups of low CD68+ cells in the Douglas’ Pouch (<25/ HPF) and high CD68+ cells in the Douglas’ Pouch (≥25/HPF), p<0.0001, by Log-rank tests.

Increased numbers of CD68+ macrophages in
the peritoneum were correlated with poorer
postoperative overall survival in GC patients.
We also observed the correlation between the
abundance of macrophages and the prognosis of GC
patients. In our cohort, no correlation was seen
between the number of macrophage in the primary
sites or surgical margins and the outcome (data not
shown). However, with respect to the correlation
between CD68+ macrophages in the Pouch of Douglas
and metastasis, the number of CD68+ cells on
peritoneum was correlated with a poor prognosis.
Patients harboring a higher number of CD68+ cells on
peritoneum had a worse outcome (Figure 2 A, r=
-0.84, 95% confidence interval (CI) [-0.8666, -0.8085],
R2=0.7055, p<0.0001). We divided our cohort into two
groups according to the median of CD68+ cells/HPF
in the Pouch of Douglas across the entire cohort
(24.95/HPF), which were the low CD68 group
(<25/HPF) and the high CD68 group (≥25/HPF). As
shown in Figure 2 B, the high CD68 group had a
shorter postoperative overall survival compared to
the low CD68 group (p=0.0112). These results suggest
that the number of CD68+ cells on GC patients’
peritoneum is a predictive parameter for the overall
survival.

The abundance of M2 macrophages in the
Douglas Pouch was correlated to gastric
cancer peritoneal metastasis.
Since TAMs have an M2 macrophages
phenotype, we checked the M2 marker (CD163) in the
primary tumor site, surgical margin and peritoneum
by IHC staining. In line with the results of CD68+ cells,
the abundance of CD163+ M2 macrophages in the
primary tumor site and surgical margin showed no
correlation with peritoneal metastasis (data not
shown). Meanwhile, the number of CD163+ cells in
the Pouch of Douglas of GC patients had a positive
association of peritoneal spread. The patients with
peritoneal metastasis had an increased number of
CD163+ cells on the peritoneum compared to the
metastasis-free patients (no peritoneal metastasis v.s.
peritoneal metastasis, 8.6±1.12 v.s. 15.4±2.24, p<0.05,
Fig. 3). These results demonstrated that CD163+ M2
macrophages support the progression of GC
peritoneal metastasis. However, we failed to detect a
correlation between prognosis and the abundance of
CD163+ cells in the primary tumor site, surgical
margin or peritoneum, suggesting CD163 is not a
predictive marker for the overall survival.

http://www.jcancer.org
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Figure 3. GC patients with peritoneal metastasis had an increased number of CD163+ M2 macrophages in the Pouch of Douglas. Samples of the Douglas’
Pouch were collected from GC patients without and with peritoneal metastasis, and CD163+ M2 macrophages were detected by immunohistochemistry staining. A.
Representative images of immunohistochemistry of CD163+ cells (stained in brown). B. Patients with peritoneal metastasis had more CD163+ M2 macrophages. *, p<0.05, by
student t tests.

GC patients with peritoneal metastasis had
more progenitor endothelial cells in the
peritoneum
During the process of metastasis, angiogenesis
plays an important role not only in the primary tumor
site (tumor cells invading into the bloodstream), but
also the metastatic site (supporting metastatic tumor
cells) [28, 29]. We stained CD34, a marker for
angiogenesis, in the primary tumor bed, surgical
margin, and peritoneum by IHC. Expression of CD34
in the primary tumor bed had no difference between
peritoneal metastasis patients and non-metastasis
patients (data not shown). However, GC patients with
peritoneal metastasis had overexpressed CD34 on the
surgical margin (no metastasis v.s metastasis,
13.6±1.122 v.s. 31.2±6.989 /HPF, p<0.001) and the

Pouch of Douglas (no metastasis v.s. metastasis,
113.8±6.256 v.s. 179.4±29.45 /HPF, p<0.05) than those
of non-metastasis patients (Fig. 4). These data
suggested that angiogenesis in the leading edge of the
tumor may be involved in the process of tumor cell
entering the bloodstream. More importantly, at the
peritoneum, angiogenesis plays a supportive role
during metastatic tumor cell plantation.

Macrophages from the peritoneal cavity of GC
patients with peritoneal metastasis have an
increased capacity to secrete VEGF and EGF
Since VEGF is an imperative factor in
angiogenesis [28, 29], and it has been reported that
EGF is an active player in TAM-mediated tumor
progress [30], we hypothesized that macrophages that
were observed to be more abundant on the
http://www.jcancer.org
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peritoneum of GC patients with peritoneal metastasis
might be a cellular source of VEGF and EGF. In order
to test this, we collected macrophages from the first
round of peritoneal lavages from GC patients with or
without peritoneal metastasis, as published before
[26]. By utilizing flow cytometry, VEGF-expressing
CD68+ macrophages and EGF-expressing CD68+
macrophages from peritoneal lavages of GC patients
with or without peritoneal metastasis were assessed.
As shown in Figure 5, GC patients with peritoneal
metastasis harbored an increased proportion of
VEGF-expressing macrophages in CD45+ leukocytes
collected from peritoneal lavage, compared to GC
patients with peritoneal seeding (no metastasis v.s.
metastasis, 1.988±0.306% v.s. 3.008±0.289%, p<0.05).
Similarly to VEGF-expressing macrophages, GC
patients with peritoneal metastasis also had an
elevated proportion of EGF-expressing macrophages
(no metastasis v.s. metastasis, 3.48±0.666% v.s.
6.14±0.589%, p<0.01). These data indicate that
macrophages from the peritoneum are a cellular
source of EGF and VEGF, which subsequently
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support tumor progression in the distant metastatic
site—the peritoneum.

Discussion
In this paper, we describe the functions of
macrophages in the peritoneum--a common site
where metastasis occurs in GC patients: (1) GC
patients with peritoneal metastasis had an increased
number of macrophages and M2 macrophages in the
peritoneum using the Pouch of Douglas as a
surrogate; (2) elevated numbers of macrophages in
the peritoneum were associated with a poorer
prognosis in GC patients; (3) GC patients with
peritoneal metastasis had upregulated levels of
angiogenesis on the peritoneum; and (4) macrophages
isolated from the peritoneal lavage of GC patients
with peritoneal metastasis had more EGF- and
VEGF-expressing
macrophages.
These
data
highlighted the importance of macrophage in the
peritoneum in supporting metastatic tumor cells.

Figure 4. Expression of CD34 in the primary GC tumor bed, surgical margin and pouch of Douglas. No difference in the expression of CD34 on the primary tumor
bed was observed between the non-metastasis and metastasis group. The expressions of CD34 at the surgical margins and in the Douglas’ Pouch in metastasis group were higher
than those of non-metastasis group, respectively. A. The expression of CD34 at different sites (400×). B, C, and D, quantification of CD34 expression in different sites. B. tumor
bed; C. Surgical margin; D. Douglas’ Pouch. PM: peritoneal metastasis. n.s., no significance; *, p<0.05; ***, p<0.001, by student t tests.

http://www.jcancer.org
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Since the relationship between cancer and
inflammation has been described by Virchow in the
19th century, an increasing number of studies have
been performed for the functions of inflammation in
cancer development [31, 32]. However, less is known
about
the
inflammation
caused
by
cancer—cancer-related inflammation [13, 15]. The
cancer is composed of two parts—tumor cells and
stromal cells. Tumor cells have gained so much
attention and interest from medical doctors and
researchers, but recently accumulating evidence
demonstrates that cancer-related inflammation
supports the development of cancer in various ways.
Many components of cancer-related inflammation,
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including cytokines, chemokines, growth factors and
immune cells, play supportive roles to cancer cells.
Cancer cells can also recruit leukocytes to the tumor
microenvironment in a selective way to choose
suitable types of leukocytes for tumor growth. Thus,
tumor cells and immune cells built an environment
for a mutual interest.
Macrophages in cancer stroma have several
mechanisms to promote the growth of tumor cells [33,
34]. Macrophages are mainly categorized into two
phenotypes--M1 (classically activated macrophages,
CAM) and M2 (alternatively activated macrophages,
AAM) macrophages [35]. M1 macrophages
demonstrate a pro-inflammatory phenotype by

Figure 5. GC patients with peritoneal metastasis had increased levels of VEGF-expressing and EGF-secreting CD68+ macrophages in peritoneal lavage.
Peritoneal washes were collected from GC patients. Macrophages in peritoneal lavage were labelled with CD45 and CD68. EGF- and VEGF-expressing macrophages were
intracellularly stained with corresponding antibodies. A. Representative images of flow cytometry analysis. B. GC patients with peritoneal metastasis had more VEGF-secreting
macrophages and EGF-expressing macrophages in peritoneal washes compared to patients with no metastasis. n=20. PM: peritoneal metastasis. *, p<0.05; **, p<0.01, by student
t tests.

http://www.jcancer.org
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expressing
pro-inflammatory
cytokines
and
presenting antigens information to adaptive immune
cells, whereas M2 macrophages show an
anti-inflammatory phenotype with the production of
anti-inflammatory cytokines. M2 macrophages have
an important role during cancer development as a
source of growth factors (EGF and VEGF) that
proliferate tumor growth and angiogenesis,
anti-inflammatory cytokines that control epithelial
cells proliferation and wound healing, as well as
proteases that promote tumor metastasis [34].

Figure 6. The roles of peritoneal macrophages in gastric cancer peritoneal
metastasis. When free gastric cancer cells arrive the peritoneum, macrophages
support metastatic cancer cells to progress by producing EGF and VEGF.

To our surprise, we did not find any difference in
terms of the abundance of macrophages in the
primary tumor sites between GC patients with and
without peritoneal metastasis. However, we indeed
did detect that GC patients with peritoneal metastasis
had an increased number of macrophages and M2
TAM on the peritoneum compared to those without
peritoneal metastasis. These findings highlight the
not-too-old “seed and soil” theory [36, 37]. However,
beyond the original theory that the vasculature of the
distant organs is suitable for seeding of free cancer
cells, the present results extend our understanding on
the significance of the local immune environment of
the distant organ in tumor metastasis. Due to the
heterogeneity of tumors, a certain subset of primary
cancer cells can leave the tumor site and enter the
bloodstream/the peritoneal cavity to become free
cancer cells. These free cancer cells “wonder” in the
host and “seek” a favorable organ to grow a new
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metastatic tumor. One factor that free cancer cells seek
might be the immune environment. In this study
particularly, free cancer cells might find the
peritoneum to be a perfect location to grow, where a
great number of macrophages reside. Macrophages
on the peritoneum produce growth factors, for
instance, VEGF and EGF, to support angiogenesis and
tumor growth, respectively (Figure 6). Thus,
macrophages on the peritoneum build a place of “rich
soil” for metastasis. However, it remains unknown
whether this characteristic of enriched macrophages
in the metastatic location is specific to GC peritoneal
metastasis or is a common feature for metastatic
cancer. We were not able to describe the abundance of
macrophages in other organs, like the liver and lungs,
in GC patients. We think it is valuable to characterize
the immune environment in different organs in cancer
metastasis animal models in the near future.
The abundance of macrophages in the
peritoneum can also be used as a marker to predict
the prognosis of GC patients. We divided our cohort
into two groups based on the number of macrophages
per HPF in the peritoneum. Patients bearing a higher
number of macrophage (>25/HPF) had a poorer
prognosis with the comparison of patients with a
fewer number of macrophages in the peritoneum
(<25/HPF). To our best knowledge, this is the first
study to show the association between the
macrophage abundance in the peritoneum and the
prognosis in GC patients. It is noteworthy that only a
small fraction of GC patients receive a peritoneum
biopsy before surgery, which is not a routine test for
GC patients. A test using the peritoneal lavage to
count macrophages prior to the surgical procedure
might be a more feasible strategy. However, a
well-designed prospective study is warranted for the
prognostic value of macrophage counts in the
peritoneal wash. Moreover, in this study, we only
recruited T3 GC patients in order to make this study
cohort more comparative. One consequence of this
cohort is the conclusion of this study is only suitable
for T3 GC patients, although we got significant results
from this selected cohort. In order to extend our
current understanding of peritoneal macrophages in
the progression of GC, further clinical observations, as
well as animal experiments, are mandated. For this
reason, we did not perform a Logistic Regression
analysis using the abundance of macrophages, nor the
diagnostic value for peritoneal metastasis. Our team is
planning a prospective study to assess the prognostic
value of macrophages in the peritoneum or peritoneal
cavity in GC patients with all stages.
Another question we could not answer in this
study is how macrophages are recruited to the
metastatic site or which one of more macrophages and
http://www.jcancer.org
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peritoneal dissemination is the cause and
consequence. It is possible that free cancer cells retain
in the peritoneum and then recruit macrophages by
secreting chemotactic factors, which in turn favor the
growth of metastatic cancer cells. However, it is still
possible that resident macrophages in the peritoneum
promote metastasis.
In this study, we proved that macrophages in the
peritoneum are related to GC peritoneal metastasis.
Macrophages in the peritoneum support angiogenesis
and tumor growth by producing VEGF and EGF.
More importantly, GC patients with more
macrophages in the Pouch of Douglas have a poorer
prognosis. In conclusion, macrophages in the
peritoneum are an active player in GC peritoneal
metastasis, which can be used as a therapeutic target
in the future based on a deeper understanding of their
pathophysiological functions.

Acknowledgements

5386
5.
6.
7.
8.
9.
10.

11.
12.

13.
14.

Funding

15.

This study was supported by Funding of
Department of Education of Heilongjiang Province (to
Dr. H. Song, Funding Number: 12541458). The
funders did not have any roles in the experimental
design, data collection and analysis, decision to
publish, or manuscript preparation.

16.

Ethical Approval
The Ethics Committee of Harbin Medical
University Cancer Hospital, Harbin, China, reviewed,
approved, and supervised this study (approval
number: 20100076).

Authorship
Dr. H. Song designed this project, and performed
most of experiments. Dr. T. Wang prepared the first
draft. Dr.s L. Tian and S. Bai performed the statistical
analysis. Dr.s L. Chen and Y. Zuo performed flow
cytometry analysis. Dr. Y. Xue consulted this project
as a senior investigator.

Competing Interests

17.
18.
19.
20.
21.
22.

23.
24.
25.
26.

27.

Dr. H. Song was supported by Funding of
Department of Education of Heilongjiang Province.
Other authors declare no conflict of interest.

28.

References

30.

1.
2.
3.
4.

Torpy JM, Lynm C, Glass RM. JAMA patient page. Stomach cancer.
JAMA : the journal of the American Medical Association. 2010; 303: 1771.
Terry MB, Gaudet MM, Gammon MD. The epidemiology of gastric
cancer. Seminars in radiation oncology. 2002; 12: 111-27.
Ferlay J, Soerjomataram I, Dikshit R, Eser S, Mathers C, Rebelo M, et al.
Cancer incidence and mortality worldwide: sources, methods and major
patterns in GLOBOCAN 2012. Int J Cancer. 2015; 136: E359-86.
Van Cutsem E, Sagaert X, Topal B, Haustermans K, Prenen H. Gastric
cancer. Lancet. 2016; 388: 2654-64.

29.

31.
32.
33.
34.

Crew KD, Neugut AI. Epidemiology of gastric cancer. World journal of
gastroenterology : WJG. 2006; 12: 354-62.
Hartgrink HH, Jansen EP, van Grieken NC, van de Velde CJ. Gastric
cancer. Lancet. 2009; 374: 477-90.
Zong L, Abe M, Seto Y, Ji J. The challenge of screening for early gastric
cancer in China. Lancet. 2016; 388: 2606.
D'Angelica M, Gonen M, Brennan MF, Turnbull AD, Bains M, Karpeh
MS. Patterns of initial recurrence in completely resected gastric
adenocarcinoma. Ann Surg. 2004; 240: 808-16.
Sasako M, Sano T, Yamamoto S, Kurokawa Y, Nashimoto A, Kurita A, et
al. D2 lymphadenectomy alone or with para-aortic nodal dissection for
gastric cancer. The New England journal of medicine. 2008; 359: 453-62.
Maehara Y, Hasuda S, Koga T, Tokunaga E, Kakeji Y, Sugimachi K.
Postoperative outcome and sites of recurrence in patients following
curative resection of gastric cancer. The British journal of surgery. 2000;
87: 353-7.
Glockzin G, Piso P. Current status and future directions in gastric cancer
with peritoneal dissemination. Surgical oncology clinics of North
America. 2012; 21: 625-33.
Wagner AD, Grothe W, Haerting J, Kleber G, Grothey A, Fleig WE.
Chemotherapy in advanced gastric cancer: a systematic review and
meta-analysis based on aggregate data. Journal of clinical oncology :
official journal of the American Society of Clinical Oncology. 2006; 24:
2903-9.
Colotta F, Allavena P, Sica A, Garlanda C, Mantovani A. Cancer-related
inflammation, the seventh hallmark of cancer: links to genetic instability.
Carcinogenesis. 2009; 30: 1073-81.
Vannucci L. Stroma as an Active Player in the Development of the
Tumor Microenvironment. Cancer Microenviron. 2015; 8: 159-66.
Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related
inflammation. Nature. 2008; 454: 436-44.
Coussens LM, Werb Z. Inflammation and cancer. Nature. 2002; 420:
860-7.
Chen DS, Mellman I. Oncology meets immunology: the
cancer-immunity cycle. Immunity. 2013; 39: 1-10.
Pollard JW. Tumour-educated macrophages promote tumour
progression and metastasis. Nature reviews Cancer. 2004; 4: 71-8.
De Palma M, Biziato D, Petrova TV. Microenvironmental regulation of
tumour angiogenesis. Nature reviews Cancer. 2017; 17: 457-74.
Bingle L, Brown NJ, Lewis CE. The role of tumour-associated
macrophages in tumour progression: implications for new anticancer
therapies. The Journal of pathology. 2002; 196: 254-65.
Condeelis J, Pollard JW. Macrophages: obligate partners for tumor cell
migration, invasion, and metastasis. Cell. 2006; 124: 263-6.
Wu H, Xu JB, He YL, Peng JJ, Zhang XH, Chen CQ, et al.
Tumor-associated
macrophages
promote
angiogenesis
and
lymphangiogenesis of gastric cancer. Journal of surgical oncology. 2012;
106: 462-8.
Japanese Gastric Cancer A. Japanese classification of gastric carcinoma:
3rd English edition. Gastric Cancer. 2011; 14: 101-12.
Asahara T. Isolation of Putative Progenitor Endothelial Cells for
Angiogenesis. Science. 1997; 275: 964-6.
Valtorta E, Martino C, Sartore-Bianchi A, Penaullt-Llorca F, Viale G,
Risio M, et al. Assessment of a HER2 scoring system for colorectal
cancer: results from a validation study. Mod Pathol. 2015; 28: 1481-91.
Matsui M, Shimizu Y, Kodera Y, Kondo E, Ikehara Y, Nakanishi H.
Targeted delivery of oligomannose-coated liposome to the omental
micrometastasis by peritoneal macrophages from patients with gastric
cancer. Cancer science. 2010; 101: 1670-7.
Pulford KA, Sipos A, Cordell JL, Stross WP, Mason DY. Distribution of
the CD68 macrophage/myeloid associated antigen. International
immunology. 1990; 2: 973-80.
Tewari KS, Monk BJ. New strategies in advanced cervical cancer: from
angiogenesis blockade to immunotherapy. Clin Cancer Res. 2014; 20:
5349-58.
Carmeliet P, Jain RK. Angiogenesis in cancer and other diseases. Nature.
2000; 407: 249-57.
Noy R, Pollard JW. Tumor-associated macrophages: from mechanisms to
therapy. Immunity. 2014; 41: 49-61.
Balkwill F, Mantovani A. Inflammation and cancer: back to Virchow?
Lancet. 2001; 357: 539-45.
Grivennikov SI, Greten FR, Karin M. Immunity, inflammation, and
cancer. Cell. 2010; 140: 883-99.
Solinas G, Germano G, Mantovani A, Allavena P. Tumor-associated
macrophages (TAM) as major players of the cancer-related
inflammation. Journal of leukocyte biology. 2009; 86: 1065-73.
Qian BZ, Pollard JW. Macrophage diversity enhances tumor progression
and metastasis. Cell. 2010; 141: 39-51.

http://www.jcancer.org

Journal of Cancer 2019, Vol. 10

5387

35. Gordon S, Taylor PR. Monocyte and macrophage heterogeneity. Nature
reviews Immunology. 2005; 5: 953-64.
36. Ewing J. Neoplastic Diseases (ed. 3) WB Saunders Co. Philadelphia; 1928.
37. Fidler IJ. The pathogenesis of cancer metastasis: the 'seed and soil'
hypothesis revisited. Nature reviews Cancer. 2003; 3: 453-8.

http://www.jcancer.org

