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Background: The aim of this study was to clarify the role of bone marrow-derived stromal cells (BM-SCs) expressing CD271 in the
development of gastric cancer.

Methods: The effect of human BM-SCs on the proliferation and motility of six gastric cancer cell lines, OCUM-2M, OCUM-2MD3,
OCUM-12, KATO-III, NUGC-3, and MKN-74, was examined. CD271 expression levels in BM-SCs were analysed by flow cytometry.
We also generated a gastric tumour model by orthotopic inoculation of OCUM-2MLN cells in mice that had received
transplantation of bone marrow from the CAG-EGFP mice. The correlation between the clinicopathological features of 279
primary gastric carcinomas and CD271 expression in tumour stroma was examined by immunohistochemistry.

Results: Numerous BM-SCs infiltrated the gastric tumour microenvironment; CD271 expression was found in B25% of BM-SCs.
Conditioned medium from BM-SCs significantly increased the proliferation of gastric cancer cell lines. Furthermore, conditioned
medium from gastric cancer cells significantly increased the number of BM-SCs, whereas migration of OCUM-12 and NUGC-3
cells was significantly increased by conditioned medium from BM-SCs. CD271 expression in stromal cells was significantly
associated with macroscopic type-4 cancers, diffuse-type tumours, and tumour invasion depth. The overall survival of patients
(n¼ 279) with CD271-positive stromal cells was significantly worse compared with that of patients with CD271-negative stromal
cells. This is the first report of the significance of BM-SCs in gastric cancer progression.

Conclusions: Bone marrow-derived stromal cells might have an important role in gastric cancer progression, and CD271-positive
BM-SCs might be a useful prognostic factor for gastric cancer patients.

Tumour progression is recognised as the product of evolving
crosstalk between cancer cells and a variety of stromal components,
including fibroblasts, vascular cells, inflammatory cells, and
extracellular matrix (Kalluri and Zeisberg, 2006). Of these cells,
fibroblasts constitute a major stromal compartment and have a
critical role in the progression of carcinoma. Although recent
studies on tumour microenvironments report that the interaction
between cancer cells and cancer-associated fibroblasts (CAFs)
might be important for the progression of some types of
carcinomas (Yashiro and Hirakawa, 2010; Fuyuhiro et al, 2012;
Tripathi et al, 2012; Harper and Sainson, 2014), the origin of CAFs

in tumour stroma is still unknown. Several studies reported that
mesenchymal stem cells (MSCs) are recruited into tumour stroma
(Karnoub et al, 2007; Bergfeld and DeClerck, 2010; Shinagawa
et al, 2010) as well as injured tissue; however, some studies revealed
that CAFs originate from various cells (Huang et al, 2014)
including normal resident fibroblasts (Mueller et al, 2007), vascular
endothelial cells (Zeisberg et al, 2007), or vascular smooth muscle
cells and pericytes (Ronnov-Jessen et al, 1995). It has been reported
that MSCs in tumour stroma might differentiate into a variety
of non-haematopoietic stromal cells including fibroblasts
(Suzuki et al, 2011; De Boeck et al, 2013). In particular, bone
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marrow-derived stromal cells (BM-SCs) are the most likely
candidate MSCs recruited into the tumour microenvironment
(Houghton et al, 2004). Although the significance of CAFs has
been reported (Quirici et al, 2002; Das et al, 2013; Rasini et al,
2013; Watson et al, 2013), no report of the importance of BM-SCs
in the tumour microenvironment is available.

Some markers, including CD13, CD15, CD73, CD140b, CD144,
CD146, CD164, and CD271, have been used to identify MSCs
(Buhring et al, 2009; Boxall and Jones, 2012). Among these,
CD271, also called neural crest nerve growth factor receptor, is
reported as a marker of MSCs (Quirici et al, 2002; Das et al, 2013;
Rasini et al, 2013; Watson et al, 2013), especially BM-MSCs
(Jones et al, 2008; Noort et al, 2012). In this study, as we are
interested in BM-SCs as the origin of myofibroblast, CD271
antibody was used as a marker of BM-SCs. We have previously
performed the vimentin and a-SMA immunostaining of gastric
cancer, and reported that myofibroblasts defined as positive for
vimentin and a-SMA staining are associated with Borrman
type-4 gastric cancer and poor prognosis of patients with
gastric carcinoma (Fuyuhiro et al, 2010). Therefore, we examined
the correlation between BM-SCs as CD271-positive stromal
cells and clinicopathological features in gastric cancer. This is the
first report of the significance of BM-SCs in gastric cancer
microenvironments.

MATERIALS AND METHODS

Gastric carcinoma model. Animal experiments were performed
in compliance with the guidelines of the Osaka City University
Ethical Committee. In vivo experiments were carried out on
4-week-old female athymic BALB/c nude mice (CLEA Japan,
Tokyo, Japan). Bone marrow transplants were performed as
reported previously (Ishii et al, 2003; Karnoub et al, 2007; Caiado
et al, 2013). Nude mice received a whole-body sublethal irradiation
(4Gy) and then received an intravenous injection of 5� 106 bone
marrow mononuclear cells collected from femurs and tibias of the
CAG-EGFP mice (Japan SLC, Hamamatsu, Japan). Mice with bone
marrow transplantation were allowed to recover for 2–4 weeks, and
orthotopic implantation of gastric cancer cells was performed on
the mice as reported previously (Fujihara et al, 1998; Kato et al,
2010). After a small median abdominal incision under sevoflurane
anaesthesia, 5� 106 OCUM-2MLN cells (Fujihara et al, 1998) in a
volume of 0.1 ml DMEM were inoculated into the stomach with
30-gauge needles (Nipro, Tokyo, Japan). These mice were killed 6
weeks after the tumour cell inoculation. After killing the animal,
the gastric tumours were removed and frozen in liquid nitrogen,
cryosectioned, mounted onto glass slides, or fixed in 4%
paraformaldehyde for paraffin sections and stained with H&E.
The selected tissue sections were subjected to immunohisto-
chemical staining using antibodies against GFP (1 : 200; Life
Technologies, Carlsbad, CA, USA).

Cell lines. Gastric cancer cell lines, OCUM-2M (Yashiro et al,
1995), OCUM-2MD3 (Yashiro et al, 1996), OCUM-12 (Kato et al,
2010), KATO-III, and NUGC-3 (Nomura et al, 2001), derived
from diffuse-type gastric carcinomas, and MKN-74(Motoyama
et al, 1986), derived from non-diffuse-type gastric carcinoma, were
used. The culture medium consisted of DMEM (Wako, Osaka,
Japan) with the addition of 10% fetal bovine serum (FBS; Nichirei,
Tokyo, Japan), 100 IU ml� 1 penicillin (Wako), 100 mg ml� 1

streptomycin (Wako), and 0.5 mM sodium pyruvate (Wako). Cells
were cultured at 37 1C in 21% O2.

Isolation and culture of human BM-SCs. Bone marrow-derived
stromal cells were obtained from the iliac crest and plated in
a dish with MesenCult-XF Medium (STEMCELL Technologies,
Grenoble, France) according to a protocol approved by the Ethics

Committee of Osaka City University Graduate School of Medicine.
Adherent layer with every 7 days in fresh medium was cultured
until 70–80% confluence. Bone marrow-derived stromal cells were
used between passages 3 and 5. This study was approved by the
Ethics Committee of Osaka City University. Informed consent was
obtained from patients before study.

Clinical materials. A total of 279 patients who had undergone a
resection of the primary tumour and were confirmed histologically
to have sporadic gastric cancer were enrolled in this study. None of
the patients had undergone preoperative radiation or chemo-
therapy. The pathologic diagnoses and classifications were made
according to the UICC TNM classification of malignant tumours.
The study protocol conformed to the ethical guidelines of the
Declaration of Helsinki. This study was approved by the Ethics
Committee of Osaka City University. Written informed consent
was obtained from all patients.

Flow cytometry analysis. To examine the proportion of CD271-
positive cells in cultured BM-SCs, the single-cell suspensions were
washed in 500 ml PBS and resuspended in 100 ml per 106 cells of
PBS. The suspensions were stained with monoclonal CD271-FITC
antibody (Miltenyi Biotech, Bergisch Gladbach, Germany) or anti-
mouse IgG H&L Alexa Fluor 488 (Abcam, Cambridge, MA, USA)
at 4 1C for 10 min. Stained cells were washed two times and
resuspended in 500 ml PBS. The percentage of positive cells were
calculated and compared with isotype-matched control-stained
cells. Flow cytometry analysis was performed on a FACScan (BD
LSR II; Becton Dickinson, San Diego, CA, USA). Furthermore, to
examine the detailed quantification of the proportion of infiltrated
bone marrow-derived cells, the orthotopic tumour cell suspensions
were stained with anti-CD271 antibody- (Abcam) labelled Alexa
Fluor 647 by Alexa Fluor 647 Monoclonal Antibody Labelling Kit
(Life Technologies), and anti-F4/80 antibody (FITC) (Abcam) and
anti-human/mouse CD11b (PE) antibody (Tonbo Bioscience,
Burlingame, CA, USA) at 4 1C for 10 min.

Preparation of conditioned medium. We prepared conditioned
medium (CM) from gastric cancer cell lines and BM-SCs. To
obtain CM, the plates with every cell were washed with PBS and
then incubated for an additional 3 days in 3 ml DMEM without
FBS. The supernatant was stored as CM at � 80 1C until use. As a
control, DMEM was used instead of CM.

Proliferation assay. The effect of CM from gastric cancer cells and
BM-SCs on the proliferation of each other was determined by Cell
Counting Kit-8 (CCK-8; Dojindo, Kumamoto, Japan) assay. A total
of 1� 103 cancer cells or 1� 104 BM-SCs per well were seeded into
two 96-well plates with CM or control. After incubation for 72 h,
CCK-8 was added into each well. After incubation at 37 1C, the
plate was measured as absorbance at 450 nm using a microtiter
plate reader (PM2004; Wako). The percentage of cell viability was
determined as the ratio of the absorbance of the sample vs the
control. Three independent experiments were performed.

Wound-healing assay. Gastric cancer cells were cultured in
96-well plates (Essen ImageLock; Essen Instruments, Birmingham,
UK). After the cells reached semiconfluence, a wound was created
in the cell monolayer with the 96-well WoundMaker (Essen
Bioscience, Ann Arbor, MI, USA). Cancer cells were cultured in
DMEM with 5% FBS. Scratched fields were taken pictured every
3 h, and was monitored with Incucyte Live-Cell Imaging System
and software (Essen Instruments). The degree of cell migrations
were analysed 24 h after wound treatment as a percentage of
wound confluence. The mean of six fields was calculated as the
sample value.

Invasion assay. The in vitro invasiveness was measured by two-
chamber Matrigel invasion assay using the chemotaxicell chambers
(Millipore, Billerica, MA, USA) with a 12-mm pore membrane filter
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coated with 50 mg of the Matrigel (upper chamber) in a 24-well
culture plate (lower chamber), as reported previously (Yashiro
et al, 1995). Gastric cancer cells (2� 104 cells per 200 ml per
chamber) were seeded in the upper chamber, and 500 ml of CM
from BM-SCs or DMEM as control with 5% FBS was added to the
lower chamber. After incubation for 24 h, cancer cells that invaded
through a filter to the lower surface of the membrane were stained
by the Diff-Quik (Sysmex, Kobe, Japan), and were manually
counted under a microscope at � 200 magnification. Six randomly
chosen fields were counted for each assay. The mean of six fields
was calculated as the sample value.

Immunohistochemical determination of CD271. To stain the
tissues of gastric cancer patients, anti-CD271 antibody (1 : 40;
Abcam), Ki-67 antibody (MIB-1, ready-to use; Dako, Glostrup,
Denmark), and anti-CD31 antibody (1 : 50; Abcam) were used.
To stain the orthotopic tumour of athymic BALB/c nude mice,
anti-mouse CD271 antibody (1 : 150; Abcam), anti-a-SMA anti-
body (1 : 100; Abcam), anti-F4/80 antibody (1 : 50; Abcam), and
anti-mouse CD11b antibody (1 : 100; Tonbo Bioscience) were used.
The methods used for the immunohistochemical determination are
as per the manufacturer’s instructions as reported previously
(Kasashima et al, 2014). In this study, CD271 expression of gastric
cancer tissues was evaluated by the intensity of staining and the
percentage of stained stromal cells at the invading tumour front.
It is possible to distinguish the cell types stained, as well as the
number of cells and intensity of the immunohistochemical stained,
by using the immunohistochemical technique. CD271 expression
was evaluated by the intensity of staining and the percentage of
stained stromal cells: intensity was given scores 0–2 (0¼ no;
1¼weak to moderate; 2¼ intense). The proportion of the
CD271-positive cells (%) was calculated as 100� number of
CD271-positive stromal cells/total stromal cells and given
scores 0–4 (0¼ 0%, 1¼ 1–19%, 2¼ 20–49%, 3¼ 50–69%, and
4¼ 70–100%). The two scores were multiplied to obtain the final
result of 0–8. Expressions were considered positive when scores
were 4 or more and negative when scores were 3 or less. Ki-67
expressions were analysed by KI-67 index, the number of MIB-1-
positive cancer cells in 100 cancer cells. CD31 expressions were
analysed by the total length of CD31-positive cells under a
microscope at � 200 magnification. Six randomly chosen fields were
counted for each patients. The mean of six fields was calculated as the
sample value. Evaluation was made by two double-blinded
independent observers who were unaware of clinical data and
outcome. When a discrepant evaluation between the two indepen-
dent observers was found, the evaluation was rechecked and
discussed.

Immunofluorescence microscopy. To examine the localisation of
infiltrated GFP-positive bone marrow-derived cells and F4/80
expression in orthotopic tumour of nude mice, and CD271
expression and a-SMA expression in the stroma of gastric cancer,
immunofluorescence microscopy was performed. The frozen
sections or paraffin-blocked tissues were blocked with 3% BSA
(diluted in PBS) for 30 min at room temperature. Orthotopic
tumour was incubated with anti-F4/80 antibody (1 : 100; Abcam)
for 2 h at room temperature and secondary antibody incubation
(Alexa Fluor 647; 1 : 200; Abcam) was performed for 2 h at room
temperature. Tissues were further incubated with anti-a-SMA
antibody (FITC)- (1 : 150; Abcam) and anti-CD271 antibody-
(1 : 100; Abcam) labelled Alexa Fluor 647 by Alexa Fluor 647
Monoclonal Antibody Labelling Kit (Life Technologies) for 2 h at
room temperature and DAPI (Wako; 1 : 1000) for 30 min at room
temperature. Tissues were viewed under a fluorescence microscope
(Leica Digital Microscopy DMI 6000; Leica Microsystems,
Heidelberg, Germany).

Statistical analysis. The w2 test or Fisher’s exact was used to
determine the significance of differences between covariates.
Survival durations were calculated with the Kaplan–Meier method
and analysed by the log-rank test to compare cumulative survival
durations among patient groups. In addition, the Cox proportional
hazards model was used to compute univariate hazards ratios for
the study parameters. In all of the tests, Po0.05 was defined as
statistically significant. The SPSS software program (SPSS Japan,
Tokyo, Japan) was used for the analyses. In vitro, data are
expressed as mean±s.d. and significant difference was analysed
using the unpaired Student’s t-test.

RESULTS

BM-SCs infiltrate into the gastric tumour microenvironment.
To clarify the contribution of bone marrow-derived cells, we
examined the histopathological features of gastric tumours and the
effects of inoculation of OCUM-2MLN cells into the gastric wall of
nude mice transplanted with bone marrow from the CAG-EGFP
mice. Tumours were allowed to grow for 6 weeks, after which the
mice were killed and gastric tumours excised. Bone marrow of
nude mice after transplantation of GFP bone marrow was used as
the positive control of GFP-positive bone marrow-derived cells
(Supplementary Figure 1).

Green fluorescent protein-positive bone marrow-derived cells
were found in the stroma of gastric tumours. The number of bone
marrow-derived cells was much greater in the stroma of gastric
tumours compared with that in normal gastric tissue (Figure 1A).
Immunofluorescence study was also performed and revealed that
some GFP-positive bone marrow-derived cells were existing in the
stroma of gastric tumours (Supplementary Figure 2).

CD271 expression in BM-SCs. Flow cytometry was used to
confirm that human BM-SCs express CD271. The CD271-positive
population represented B25% of BM-SCs (Figure 1B). The mean
fluorescence intensity of CD271 in BM-SCs (3210) was high
compared with that of the isotype control (550). We examined the
effect of conditioned media from gastric cancer cells on CD271
expression of BM-SCs by the FACScan analysis. The CM from
OCUM-2MD3 did not affect the CD271-positive population of
BM-SCs (data not shown).We examined the flow cytometry
analysis to quantify the proportion of CD271-negative cell
fractions using CD11b antibody and F4/80 antibody. CD11b-
positive cells were frequently found in CD271-negative fraction. In
contrast, F4/80 expression was correlated with CD271 expression
(Figure 1C). About 12% of tumour cell suspensions were CD271-
positive cells. To assess the fraction of CD271-negative cells, we
used CD11b (a marker of many leukocytes including granulocytes,
monocytes, macrophages, and natural killer cells) and F4/80
(a marker of mature macrophages). Although CD11b-positive
cells did not have a correlation with CD271-positive cells,
F4/80-positive cells had a correlation with CD271-positive cells
(Figure 1C). Figure 1D showed that GFP-positive bone marrow
derived, F4/80-positive macropharges were existed in the tumour
stroma by immunofluorescence stainings. Susequently, as shown in
Figure 1E and F, immunohistochemical analysis using serial
section was carried out to compare the localisation of GFP-positive
bone marrow-derived cells with that of CD271, a-SMA, F4/80, and
CD11b-positive cells in the stroma of orthotopic tumour. The
serial section showed that a number of GFP-positive cells were
found to be positive for CD271, a-SMA, and F4/80 but not for
CD11b. These findings suggested that CD271-positive bone-
marrow derived cells might partially differentiate to a-SMA-
positive myofibroblasts or F4/80-positive macrophages.

Growth interaction between BM-SCs and gastric cancer cells.
Conditioned medium from BM-SCs significantly increased the
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Figure 1. Bone marrow-derived cells. (A) Bone marrow-derived cells infiltrated the stroma of gastric tumours. Green fluorescent protein-positive
bone marrow-derived cells were found in far greater numbers in the stroma of gastric tumours compared with that in normal gastric mucosa.
(B) CD271 expression in BM-SCs s. Approximately 25% of BM-MSCs were positive for CD271 expression. (C) Examination of the proportion of
infiltrated bone marrow-derived cells in whole tumour suspension. CD271-positive cells were correlated with F4/80-positive cells but not with
CD11b-positive cells. (D) Immunofluorescence staining of tumour stroma. GFP and F4/80 double positive cells were found in the tumour. (E and F)
Immunohistochemical analysis of the stroma of orthotopic tumour. A number of GFP-positive BM-SCs s were positive for CD271, a-SMA, and
F4/80 but not for CD11b. A full colour version of this figure is available at the BJC journal online.
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proliferation of all gastric cancer cell lines, OCUM-2M, OCUM-
2MD3, OCUM-12, NUGC-3, KATO-III, and MKN-74 by 11.7%,
9.5%, 13.8%, 16.3%, 11.9%, and 38.3%, respectively, compared with
the control. Also, CM from all examined gastric cancer cell lines
significantly increased the number of BM-SCs by 8.8%, 21.7%,
42.8%, 22.3%, 27.0%, and 21.5%, respectively, compared with the
control (Figure 2).

Effect of BM-SCs on the invasive abilities of gastric cancer
cells. Figure 3 shows a representative phase-contrast image of a
wound-healing assay performed in this study. Representative
images for the calculation of wound confluence are described.
Pictures show initial wound mask at 0 h (yellow) and wound mask
at 24 h (blue). Relative wound confluence (%) was calculated as
100�wound closure area at each time-point (blue)/wound area at
time 0 (yellow). The number of migrating OCUM-12 and NUGC-3
cells was significantly (Po0.01) increased by the CM from BM-SCs
(Figure 3). Figure 3C provides a representative phase-contrast
image of OCUM-12 and NUGC-3 cells that invaded into a
12-mm-pore membrane filter. The number of invading OCUM-12
and NUGC-3 cells was significantly (Po0.001) increased by CM
from BM-SCs (Figure 3D).

Relationship between clinicopathological features of gastric
cancer and CD271 expression in tumour stroma. CD271-
positive cells were observed in fibroblasts, vasculature cells, neural
cells, and cancer cells, mainly tumour stromal fibroblasts. Human
bone marrow was used as the positive controls of CD271
(Supplementary Figure 3). About one-third of cells in human
bone marrow was positive for the staining of CD271 antibody.
CD271 was expressed on the cell membrane of fibroblasts
(Figure 4). The expression of CD271 in vasculature, neuronal,
and cancer cells was excluded from this analysis. Table 1 shows the
correlation between clinicopathological features and CD271
expression in stromal cells. Among the 279 gastric cancers
examined, 159 cases (57%) were positive for CD271 expression
in stromal cells. CD271 expression was significantly correlated with
macroscopic type-4 cancers, diffuse-type tumours, and T invasion
(T3–T4) but not age, gender, lymph node metastasis, lymphatic
invasion, venous invasion, hepatic metastasis peritoneal metastasis,
or peritoneal cytology.

Immunofluorescence analysis revealed that CD271 expressions
in the stroma of gastric cancer were correlated with a-SMA
expresssions (Supplementary Figure 4). These findings suggested
that CD271-positive BM-SCs differentiate into myofibroblasts. In
addition, expression levels of Ki-67 in cancer cells of CD271-
positive patients were significantly higher compared with those of
CD271-negative patients (Figure 4D). Furthermore, total length of

CD31-positive cells in the stroma of CD271-positive patients were
significantly longer compared with those of CD271-negative
patients (Figure 4E).

Overall survival. Figure 4 shows the overall survival of all patients
(n¼ 279), with CD271-positive stromal cells being correlated with
significantly worse prognosis compared with CD271-negative
stromal cells (P¼ 0.025). Univariate analysis revealed that the
overall survival of patients was significantly correlated with CD271
expression, macroscopic type-4 cancers, diffuse-type cancers,
T invasion (T2–T4), lymph node metastasis, lymphatic invasion,
venous invasion, infiltration, hepatic metastasis, peritoneal meta-
stasis, and peritoneal cytology. Multivariate logistic regression
analysis revealed that T invasion (T2–T4), lymph node metastasis,
and peritoneal cytology, but not CD271 expression, were
independent predictive parameters for the overall survival of
patients (Table 2).

DISCUSSION

This study showed that GFP-labelled bone marrow-derived cells
were abundant in the tumour stroma of gastric cancer in an in vivo
model. Houghton et al (2004) also demonstrated that bone
marrow-derived cells are recruited to the tumour microenviron-
ment in a mouse model. Flow cytometric analysis revealed that
BM-SCs express CD271. These findings suggested that gastric
tumour stroma might, in part, consist of CD271-positive BM-SCs.
It has been reported that monocyte chemokine protein-1 (Dwyer
et al, 2007) and stromal cell-derived factor-1 (Wobus et al, 2015)
activate MSC migration to tumour site. These chemokines might
be a candidate for the signals to recruit these CD271-positive bone
marrow-derived cells.

We next analysed the role of BM-SCs in the development of
gastric cancer. Bone marrow-derived stromal cells increased the
proliferation and migration of gastric cancer cells, suggesting that
BM-SCs might have an important role in the progression of gastric
cancer. Terai et al (2014) reported that bone marrow-derived
fibrocytes, established from peripheral blood mononuclear cells,
were induced to differentiate into myofibroblasts and enhanced the
tumour proliferation. In addition, several studies reported that
MSCs are associated with the growth of some types of carcinomas
(Karnoub et al, 2007; Suzuki et al, 2011; Tsai et al, 2011; De Boeck
et al, 2013; Huang et al, 2013). Gastric cancer cells also increased
the proliferative activity of BM-SCs in this study. The crosstalk
between BM-SCs and gastric cancer cells might be closely
associated with the development of gastric cancer. Furthermore,
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we examined the effect of BM-SCs on the tumorigenesis of gastric
cancer cells in vivo. The tumour size by coinoculation of BM-SCs
(5� 105 cells) and OCUM-2MD3 (5� 106 cells) were significantly
greater compared with that of OCUM-2MD3 (5� 106 cells)
alone (data not shown). Also, it has been reported that BM-derived
myofibroblasts become a major component of cancer-induced
stromal cells in the later stage of tumour development
(Ishii et al, 2003; Quante et al, 2011). Thus, BM-SCs might be a
therapeutic target for cancer treatment, as reported previously
(Serakinci et al, 2004).

Subsequently, we examined the correlation between CD271-
positive stromal cells and clinicopathological features of gastric
cancer patients by immunohistochemistry. In this study, CD271
expression of gastric cancer tissues was evaluated by the intensity

of staining and the percentage of stained stromal cells at the
invading tumour front, whereas cancer cells also expressed CD271
as reported previously (Boiko et al, 2010; Imai et al, 2013).

CD271 expression in stromal cells was frequently found in 26
(93%) of 28 Borrman type-4 gastric cancers that showed diffuse
infiltrating carcinoma accompanied by extensive stromal fibro-
blasts (Japanese Gastric Cancer Association, 2011). We previously
reported the close interactions between Borrman type-4 gastric
cancer cells and CAFs, especially myofibroblasts (Yashiro and
Hirakawa, 2010; Fuyuhiro et al, 2012). In this study, we described
the importance of fibroblasts, which migrated from the bone
marrow. Also, we reported that gastric cancer cells regulate the
characteristics of fibroblasts (Fuyuhiro et al, 2011), which might
suggest that gastric cancer cells might regulate BM-SCs s into
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Figure 3. Effect of BM-SCs on the motility of gastric cancer cells. (A) Representative images of cell density in a wound-healing assay. The number of
OCUM-12 and NUGC-3 cells migrating across the wound was increased by CM from BM-SCs compared with the control (the absence of CM from
BM-SCs). Images show the initial wound mask at 0 h (yellow) and at 24 h (blue). Relative wound confluence (%) was calculated as 100�wound
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medium from BM-SCs significantly stimulated migration (round and square line) (Po0.01). (C) Representative images of invading OCUM-12 and
NUGC3 cells. The number of cells invading the pore membrane filter was increased by CM from BM-SCs compared with the control. (D) Effect of
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cancer-associated gastric fibroblasts through the interaction
between cancer cells and stromal cells in tumour microenviron-
ment. Bone marrow-derived stromal cells in the gastric tumour
might change to cancer-associated orthotopic myofibroblasts by
the education of gastric cancer cells, and contribute to the tumour
progression.

Cancer-associated fibroblasts in type-4 gastric cancer might
originate from CD271-positive BM-SCs, and might be closely
associated with tumour–stromal interactions in Borrman type-4
gastric cancer. As described above, it has been suggested that
CD271-positive bone marrow-derived cells differentiate to myofi-
broblasts or macrophages. We previously reported that fibroblast
growth factor-7, transforming growth factor-b, and hepatocyte
growth factor from CAFs, which contains myofibroblasts,
stimulated the proliferation and invasion ability of gastric cancer
cells (Inoue et al, 1997; Nakazawa et al, 2003). These factors from
myofibroblasts might be associated with the proliferation and
invasiveness of gastric cancer cells. CD271 expression in tumour
stroma was positively associated with diffuse-type gastric cancer. It
has been reported that CCL5 (Karnoub et al, 2007) and CXCL8
(Ringe et al, 2007) showed chemoattractant activity of BM-SCs.
Bone marrow-derived stromal cells might be associated with
tumour development of diffuse-type of gastric cancer. These
cytokines from diffuse-type gastric cancer might be associated with
the accumulation of CD271-positive BM-SCs. Because CD271

expression was frequently found at T stage 3 and 4, CD271-positive
BM-SCs might have an active role at T stage 3 and 4. With regard
to type after curative surgery in 229 patients, the number of
peritoneal metastasis, local recurrence, lymph node recurrence, and
hepatic metastasis is 12 (5.2%), 3 (1.3%), 21 (9.2%), and 16 (7.0%),
respectively. Among these relapse types, the recurrence of
peritoneal metastasis was significantly (P¼ 0.041) associated with
CD271 expression (Supplementary Table 1).

In this study, Kaplan–Meier survival analysis revealed that
CD271-positive patients had significantly (log-rank test, Po0.025)
poorer prognosis compared with CD271-negative patients. In
contrast, the multivariate Cox analysis showed that T invasion was
an independent prognostic factor, but CD271 was not. As CD271
expression was correlated with T stage, CD271 expression might
not be an independent prognostic factor.

To determine the tumour proliferative ability and angiogenic
index, IHC was performed using anti-MIB-1 antibody and anti-
CD31 antibody, respectively. Ki-67 index and the tumour
proliferative ability of gastric cancer in CD271-positive patients
were significantly higher compared with that in CD271-negative
patients (Figure 4D). The angiogenic index was analysed by the
total length of CD31-positive cells under a microscope at � 200
magnification. Total length of CD31-positive cells in the stroma of
CD271-positive patients were significantly longer compared with
those of CD271-negative patients (Figure 4E). These findings
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suggested that CD271-positive stromal cells might be associated
with the proliferative ability of gastric cancer cells and angiogenesis
but not invasion. CD271 expression did not correlate with lymph
node metastasis, lymphatic invasion, venous invasion, hepatic
metastasis, and peritoneal metastasis. In addition, flow cytometric
analysis (Figure 1C) showed that CD271-negative cells contain
CD11b-positive cells that are designated as immune cells, such as
natural killer cells. These immune cells might correlate with better
prognosis of ‘CD271-negative’ gastric cancer cases.

Although CD271 is reported as a marker of MSCs (Quirici
et al, 2002; Das et al, 2013; Rasini et al, 2013; Watson et al, 2013),
especially BM-MSCs (Jones et al, 2008; Noort et al, 2012), there
is no report of the significance of BM-SCs in gastric cancer
patients. Thus, this is the first report to describe the significance
of BM-SCs in the tumour microenvironment in gastric cancer
progression. In future study, it is necessary to detect and quantify
circulating CD271-positive cells in the gastric cancer patients to
compare their presence with disease progression or clinical
remission.

In conclusion, BM-SCs might have an important role in the
progression of gastric cancer. CD271-positive BM-SCs might be a
useful prognostic factor for patients with gastric cancer.
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