
Abstract. Background/Aim: Local and systemic inflammations
are associated with negative long-term outcomes; however, their
precise mechanism of action remains unclear. We previously
demonstrated that hepatocyte growth factor (HGF)/c-Met
signaling contributed to the enhancement of liver metastasis
associated with peritonitis model. The aim of this study is to
investigate the effect of local inflammation on the development
of lung metastasis. Materials and Methods: NL-17 cells were
injected into BALB/c mice via the tail vein to produce a high
potential model for lung metastasis. After injection of NL-17
cells, lipopolysaccharide (LPS) and live Pseudomonas
aeruginosa, and phosphate-buffered saline were administered
intratracheally to induce acute lung injury (ALI) and
pneumonia, respectively. Results: In both ALI and pneumonia
mice, lung metastasis was significantly promoted compared to
control mice. Concentrations of Interleukin-6, tumor necrosis
factor-α, and HGF in the bronchoalveolar lavage fluid were
significantly higher in ALI and pneumonia mice than in
control mice. Neither administration of recombinant mouse
HGF nor c-Met knockdown in NL-17 cells influenced the
magnitude of lung metastasis. Yet stimulation with LPS
increased the expression of α2 integrin, vascular cell-adhesion
protein-1, and intercellular adhesion molecule-1 (ICAM-1) in
the lung. Invasive activity of NL-17 cells was significantly up-
regulated by LPS, but was suppressed by anti-ICAM-1
antibody. While LPS-stimulated NL-17 cells showed
significantly promoted lung metastasis, E-selectin expression

in the lungs of mice with ALI or pneumonia was significantly
enhanced compared with control mice. Conclusion: Up-
regulation of adhesion molecules, but not HGF/c-Met
signaling, may contribute to the lung metastasis enhanced by
local infection/inflammation.

Since DerHagopian et al. introduced the concept of
inflammatory oncotaxis in 1978, in which persistent
inflammation could stimulate dormant tumor cells to promote
organ metastasis (1), many researchers have reported that
postoperative complications may affect recurrence and cause
poor long-term survival in various malignancies, such as head
and neck, colorectal, esophageal, and gastric cancers (2-6).
Although researchers have proposed a hypothesis that systemic
infection may suppress host tumor immunity and promote
tumor growth, the precise mechanism on how systemic
infection leads to poor cancer survival still remains unclear. We
previously reported that intra-abdominal infection induced by
cecal ligation and puncture promoted liver metastasis and that
it could be a good animal model for the analysis of
inflammation-enhanced cancer metastasis (7, 8). Based on
those reports, we have proposed that suppression of the number
and activity of intrahepatic natural killer cells plays an
important role as one of key mechanisms underpinning this
phenomenon. In addition, we recently revealed the HGF/c-Met
signaling pathway should contribute to the enhanced liver
metastasis associated with intra-abdominal infection (9).

High frequency malignant tumor metastatic sites include
liver, lungs, bones, and peritoneum, and dominant sites of
metastasis and/or recurrence differ depending on the types
of tumors. This is understood to be due to the difference in
the expression of adhesion molecules, the production of
growth factors, and the affinity of tumor cells to metastatic
organs (10). Thus, when considering the possibility of tumor
metastasis, a detailed examination of each metastatic organ
is required (11). 
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In this study, we established a murine lung metastasis
model and investigated the effect of local inflammation on
metastatic development.

Materials and Methods

Mice and cell line. Female (8-10 weeks) BALB/c mice were
purchased from Japan SLC (Hamamatsu, Japan) and given ad-
libitum access to food and water. NL-17 cells, a murine colon
cancer cell line derived from colon 26 cells which have a high
potential to induce liver metastasis, were kindly provided from the
Division of Molecular Pharmacology, Cancer Chemotherapy Center
(Japanese Foundation for Cancer Research, Tokyo, Japan). The cells
were maintained in Roswell Park Memorial Institute 1640 (RPMI-
1640) medium containing 5% heat-inactivated fetal bovine serum
and antibiotics in a humidified atmosphere of 5% CO2 at 37˚C.

Animal models. The NL-17 cells were suspended in Hanks'
Balanced Salt Solution (HBSS) and adjusted to the concentration of
5×106 cells/ml. Under general anesthesia, mice were injected
intravenously with 5×105 NL-17 cells in 100 μl HBSS via the tail
vein using a 29-G needle syringe. Immediately after injection of
tumor cells, the mice were intratracheally administered with
lipopolysaccharide (LPS) derived from Escherichia coli (O111: B4;
Sigma, St Louis, MO, USA) suspended in phosphate-buffered saline
(PBS) at a concentration of 20 μg/50 μl to induce acute lung injury
(ALI). Similarly, they were intratracheally administered with live
Pseudomonas aeruginosa bacteria (1.5×106 colony forming unit/50
μl PBS) to induce pneumonia. As a control, mice were administered
with 50 μl of PBS intratracheally. The survival rate on Day 14 after

the above treatment was 100% in each model. The extent of lung
metastasis was evaluated by measuring the lung weight because
there was no difference in the lung weight on Day 14 among the
three models unless tumor cells were inoculated (data not shown).

To investigate serum cytokine concentrations, blood samples were
obtained from mice on days 1, 3, and 5 after treatment.
Bronchoalveolar lavage fluid (BALF) was also collected on days 1, 3,
and 7 after treatment. Briefly, after cervical dislocation, a 24-G elastic
needle was inserted into the tracheal lumen for irrigation. BALF was
performed with 2.5 ml of PBS four times (total volume=10 ml).

A photocopy of the resected lungs with a ruler was scanned and
saved as a TIFF file. The volume of resected lung was determined
using Image J software for Windows (available at:
https://imagej.nih.gov/ij/download.html).

To evaluate the direct effect of hepatocyte growth factor (HGF)
on lung metastasis, mice were intraperitoneally administered with 5
μg/100 μl of recombinant mouse HGF (R&D systems, Inc.,
Minneapolis, MN, USA) or 100 μl of PBS as a control, and the lung
weight was monitored for 10 days after injection.

Cytokine measurement. Cytokine concentrations in the sera and
BALF were measured using commercially available enzyme-linked
immunosorbent assay (ELISA) kits according to the manufacturers’
protocols. Interleukin-6 (IL-6), IL-10, and tumor necrosis factor-α
(TNF-α) were measured using BD OptEIA™ ELISA Set (Becton,
Dickinson and Company, NJ, USA), while HGF was measured
using DuoSet® ELISA Mouse HGF (R&D Systems Inc.,
Minneapolis, MN, USA).

Measurement of E-selectin in the lung tissue. After homogenization
of the lung tissue in 1 ml of PBS with a 200-G stainless steel mesh
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Figure 1. Wet lung weight (A) and area of resected lungs (B) of metastasis model mice on Day 14 after treatment. ALI: Acute lung injury. (n=5/group)
*p<0.05 vs. control.



filtration, concentrations of E-selectin and total protein in each tissue
sample were measured with commercially available ELISA kits (E-
selectin, R&D Systems Inc.; total protein, Bio-Rad Laboratories,
Richmond, CA, USA) according to the manufacturers’ protocols.
Pulmonary tissue E-selectin concentrations were corrected with the
corresponding protein concentration and expressed as relative values
(pg/mg protein).

Establishment of c-Met knockdown cells. c-Met-knockdown cells
were established using the RNA interference technology, as
previously described (12). Briefly, NL-17 cells were infected with
adenovirus containing siRNA encoding murine c-Met (clone 178M)
with a multiplicity of infection of 100 and incubated for 72 h in a
humidified atmosphere of 5% CO2 at 37˚C. c-Met knockdown was
confirmed by measuring the expression of c-Met by Western blot.
NL-17 cells infected with non-specific adenovirus (clone GL-2,
which encodes siRNA against firefly luciferase) under the same
condition were used for control.

Western blotting. Cell extracts boiled under a reduced condition
were separated using sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE) and were transferred to polyvinylidene
difluoride (PVDF) membranes (Thermo Fisher Scientific, Waltham,
MA, the USA). Membranes were incubated with antibodies against
Met (SP260: sc-162, Santa Cruz Biotechnology, Santa Cruz, CA,
USA) or β-actin (AC-15: ab6276, Abcam, Cambridge, MA, USA)
followed by horseradish peroxidase-conjugated secondary
antibodies (Santa Cruz Biotechnology). After incubation with
enhanced chemiluminescence reagent (Amersham Biosciences,
Buckinghamshire, UK), chemiluminescence signals were
photographed and quantitated via image analysis.

Flow cytometric analysis of adhesion molecules expression. NL-
17 cells (5×105 cells) were stimulated with LPS (final
concentration=100 ng/ml), and the expression of several adhesion
molecules was evaluated using the FACScan™ system (BD Japan,
Tokyo). Primary antibodies (Thermo Fisher Scientific, Waltham,
MA, USA) used in this study were as follows: phycoerythrin (PE)-
conjugated β1 integrin, fluorescein isothiocyanate (FITC)-
conjugated β2 integrin, PE-conjugated β3 integrin, PE-conjugated
β4 integrin, PE-conjugated β5 integrin, PE-conjugated α2 integrin,
PE-conjugated α4 integrin, FITC-conjugated α5 integrin, PE-
conjugated α6 integrin, PE-conjugated αV integrin, PE-conjugated
E-selectin, PE-conjugated intercellular adhesion molecule-1
(ICAM-1), and PE-conjugated vascular cell adhesion molecule-1
(VCAM-1).

Invasion assay. Invasive activity of NL-17 cells was evaluated by the
modified Boyden method with a blind-well chamber (Corning Inc.,
NY, USA). Briefly, 200 μl of the test sample, i.e. either 100 ng/ml of
LPS, 100 ng/ml of LPS + 40 mg/ml of anti-ICAM-1 antibody (Thermo
Fisher Scientific, Waltham, MA, USA), or 100 ng/ml of LPS + 40
mg/ml of isotype immunoglobulin (Ig) G antibody (Thermo Fisher
Scientific, Waltham, MA, USA) was placed in the lower chamber of
the wells, and then 1×105 NL-17 cells were placed in the upper
chamber which was separated from the lower chamber by a 3-mm-
pore polycarbonate membrane (Nuclepore, NY, USA). The assembled
chamber was incubated for 12 hours at 37˚C under 5% CO2. The
membrane was then fixed in methanol and the cells were stained with
hematoxylin and eosin. Invasive activity was determined by counting

the number of cells that had invaded onto the lower surface of the
membrane filter in three separate high-power (×200) fields (HPF).

Ethics. All animal protocols were based on the Animal Research:
Reporting of In Vivo Experiments (ARRIVE) guidelines, and were
approved by the Institutional Review Board for the Care of Animal
Subjects of National Defense Medical College (Approval number:
15010).

Statistical analysis. JMP Pro 14.0.0 software (SAS Institute, Cary,
NC, USA) was used for statistical analyses. Data were expressed as
mean±standard error. Statistical analyses were performed using the
Mann–Whitney U or Chi-squared test with Fisher’s exact test, as
appropriate. Survival rates were calculated using the Kaplan–Meier
method, and differences in survival rates were determined using the
log-rank test. The p-Values of <0.05 were considered as statistically
significant.

Results

As shown in Figure 1, lung metastasis evaluated by
measuring lung weight and area of the resected lung on Day
14 was significantly increased in both ALI and pneumonia
groups compared to the control group. 
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Figure 2. Cytokine levels in sera and BALF obtained from lung metastasis
model mice with ALI and pneumonia. ALI: Acute lung injury, BALF:
bronchoalveolar lavage fluid, IL: interleukin, TNF: tumor necrosis factor,
HGF: hepatocyte growth factor. (n=5/group) *p<0.05 vs. control.



To see the effect of ALI/pneumonia on the inflammatory
stress in the lung metastasis model mice, changes in serum
and BALF cytokines were measured (Figure 2). Serum IL-6
concentration in the serum of pneumonia group on Day 1 was
significantly higher than that of control group; however, such
an increase of serum IL-6 was not observed in the ALI group.
Also, there was no statistical difference in the serum IL-6
levels among the three groups on Days 3 and 5. Serum IL-10
concentrations in both ALI and pneumonia groups on Day 1
showed significantly higher values compared to the control
group. Again no difference in serum IL-10 levels was
observed among the three groups on Days 3 and 5 (Figure 2,
upper panels). Cytokine concentrations in BALF showed
much higher values than that in serum presumably because
the stimulants were administered through the tracheal canal.
IL-6 and TNF-α concentrations in BALF on Day 1 were
significantly higher in the ALI and pneumonia groups than in
the control group, but there was no statistical difference in
the levels of those two cytokines among the three groups on
Days 3 and 5. Serum HGF concentrations were below the
sensitivity threshold for detection in all groups throughout the
experimental period. HGF concentrations in BALF in the ALI
and pneumonia groups were significantly higher than those
in the control group on Days 1 and 3 (Figure 2, lower panels). 

To assess a direct effect of HGF on lung metastasis,
recombinant mouse HGF (rmHGF) was intraperitoneally
administered to the tumor metastasis model mice and lung wet
weight was measured (Figure 3A). However, there was no
significant difference in lung wet weight between the mice
administered with rmHGF and those with normal saline
(control group). Similarly, there was no statistical difference in
lung metastasis, i.e. lung wet weight among the three groups
in which NL-17 cells had been pretreated with saline (non-

infected control group), control virus (NL-17GL-2) targeting
firefly luciferase, and c-Met knockdown virus (NL-17178M),
respectively. 

Next, the expression of adhesion molecules on the cell
surface of NL-17 cells after LPS stimulation was evaluated
using flow cytometry (Figure 4A). There was no significant
enhancement in the expression of α5, α6, αV, β1, or β4
integrins; however, α2 integrin, VCAM-1, and ICAM-1 were
up-regulated by LPS stimulation. Particularly, the percentage of
ICAM-1-positive NL-17 cells significantly increased after LPS
stimulation showing a peak value at 6 hours (Figure 4B). The
percentage of ICAM-1-positive cells at 24 h was still higher
than the cells that had not been subjected to LPS stimulation.

Invasive activity of NL-17 cells was significantly up-
regulated by LPS stimulation as shown in the trans-well
invasion assay (Figure 5), and this invasiveness was
significantly suppressed by the administration of anti-ICAM-
1 antibody.

Lung metastasis of LPS-stimulated NL17 cells assessed by
lung weight at Day 14 was significantly promoted compared
with non-stimulated cells (Figure 6A). Concentration of E-
selectin in the lung of metastasis model mice with ALI and
pneumonia showed significantly higher concentration
compared with that in the sham stimulation mice (Figure 6B).

Discussion

In this study, we demonstrated that lung metastasis was
enhanced by local inflammation and infection which was
associated with up-regulation of adhesion molecules activated
by local inflammatory reactions, but not through the HGF/c-
Met signaling which had been reported to be enhanced in liver
metastasis with intra-abdominal infection (9).
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Figure 3. Wet lung weight on Day 14 after rmHGF or c-Met knockdown treatment. (A) rmHGF: recombinant mouse hepatocyte growth factor,
(n=5/group) (B) NL-17GL-2: NL-17 cells infected with control virus, NL-17178M: NL-17 cells infected with c-Met knockdown virus (n=5/group).
rmHGF: Recombinant mouse hepatocyte growth factor.



Malignant tumor metastasis is achieved by complex
multistep processes that involve tumor dissemination through
the bloodstream beyond its organ of origin, resulting in
colonization of other organs and aggressive tumor growth at
metastatic sites (13). Thus, the mechanism by which local or

systemic infection promotes metastasis of malignant tumors
should encompass these steps. Because HGF concentration in
BALF was significantly higher in the metastasis model mice
with ALI or pneumonia compared to the control group on Day
1, we first hypothesized that the HGF/c-Met signaling
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Figure 4. Expression of adhesion molecules in NL-17 cells after LPS stimulation. (A) Representative flow cytometric histograms of various adhesion
molecules on NL-17 cells from one of at least three experiments with similar results. (B) Changes in ICAM-1 expression after LPS stimulation.
(n=5/group). Gray filled: Isotype control, dashed lines: NL-17 cells without LPS stimulation, bold lines: NL-17 cells after LPS stimulation. *p<0.05
vs. control. LPS: Lipopolysaccharide, VCAM-1: vascular cell-adhesion molecule-1, ICAM-1: intracellular adhesion molecule-1. 



pathway might promote lung metastasis during local and
systemic inflammation processes, as seen in the liver
metastasis model that was enhanced by intraabdominal
infection (8). However, an increase in lung metastasis was not
observed in the septic model (data not shown). In this study,
there was no direct effect of rmHGF on lung metastasis, and
also any difference in the extent of lung metastasis was not

identified depending on the expression of c-Met in NL-17
cells. Thus, processes different from liver metastasis seemed
to contribute to the development of lung metastasis.

Several Ig superfamily molecules, such as integrins and
selectins, are components of cell-adhesion molecules and
involved in cell–matrix and cell–cell adhesion (14). These
molecules are also expressed in some tumor cells and are
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Figure 5. Trans-well invasion assay of NL-17 cells. (A) Representative photographs of the lower filter surface from one of the four experiments with
similar results. The invasive response was determined by counting the number of cells that had invaded onto the lower filter surface in three high-
power (×200) fields. (B) Relative number of invading cells. Anti-ICAM-1 Ab effectively inhibited invasive capacity of NL-17 cells (n=4/group).
LPS: Lipopolysaccharide, Ab: antibody, ICAM-1: intracellular adhesion molecule-1. *p<0.05 vs. LPS + isotype IgG antibody. **p<0.05 vs. control.



involved in cell adhesion, proliferation, migration, and
invasion of tumor cells, leading to tumor cell metastasis (15,
16). However, their involvement in tumor growth and
metastasis during infection in cancer-bearing hosts has not
been sufficiently clarified. In this study, we demonstrated
that NL-17 cells ubiquitously expressed several adhesion
molecules, and LPS stimulation increased expression of α2
integrin, VCAM-1, and ICAM-1 on NL-17 cells. We also
showed that invasion enhanced by LPS stimulation was
partially suppressed by the administration of anti-mouse
ICAM-1 antibody, suggesting that enhanced expression of
adhesion molecules was involved in tumor metastasis. In
addition, LPS-stimulated NL-17 cells showed promoted
lung metastasis compared to non-stimulated NL-17 cells,
and E-selectin concentrations in lung tissue were elevated
in mice with ALI or pneumonia. E-selectin expression on
vascular surfaces is induced in response to inflammatory
cytokines and is elevated in tumor-associated vessels (17).
Therefore, enhanced expression of adhesion molecules in
both tumor cells and at metastatic sites may be involved in
the mechanism of lung metastasis in ALI and pneumonia
models. 

In conclusion, we showed that local inflammation and
lung infection such as ALI and pneumonia up-regulated cell-
adhesion molecules, such as ICAM-1 and E-selectin, which
might contribute to lung metastasis enhanced by local
inflammation. In contrast, direct effect of HGF/c-Met on
lung metastasis was unclear. Our results suggest that tumor
cell metastasis may be promoted by different mechanisms in
different organs, such as in the liver and lungs.

Conflicts of Interest
The Authors report no proprietary or commercial interest in any
product mentioned or concept discussed in this article.

Authors’ Contributions
Hiroyuki Horiguchi, Hironori Tsujimoto, Nariyoshi Shinomiya,
Shinsuke Nomura, and Hiromi Miyazaki contributed to the design
and experiment of this study. Takao Yamori contributed to the cell
culture and in vitro study. Hironori Tsujimoto, Daizoh Saitoh, Yoji
Kishi, and Hideki Ueno contributed to writing the draft and
supervising this study. All authors have approved the manuscript
and agree with its submission.

Acknowledgements
Part of this work has been supported by the Grant-in-Aid for
Scientific Research, Japan Society for the Promotion of Science,
(Grant/Award Number: 18H02685). 

References

1 DerHagopian RP, Sugarbaker EV and Ketcham: A Inflammatory
oncotaxis. JAMA 240: 374-375, 1978. PMID: 660874. DOI:
10.1001/jama.1978.03290040052023

2 Tsujimoto H, Ichikura T, Ono S, Sugasawa H, Hiraki S, Sakamoto
N, Yaguchi Y, Yoshida K, Matsumoto Y and Hase K: Impact of
postoperative infection on long-term survival after potentially
curative resection for gastric cancer. Ann Surg Oncol 16: 311-318,
2009. PMID: 19037699. DOI: 10.1245/s10434-008-0249-8

3 Law WL, Choi HK, Lee YM and Ho JW: The impact of
postoperative complications on long-term outcomes following
curative resection for colorectal cancer. Ann Surg Oncol 14: 2559-
2566, 2007. PMID: 17522945. DOI: 10.1245/s10434-007-9434-4

4 Lagarde SM, de Boer JD, ten Kate FJ, Busch OR, Obertop H
and van Laschot JJ: Postoperative complications after
esophagectomy for adenocarcinoma of the esophagus are related
to timing of death due to recurrence. Ann Surg 247: 71-76, 2008.
PMID: 18156925. DOI: 10.1097/SLA.0b013e31815b695e

5 de Melo GM, Ribeiro KC, Kowalski LP and Deheinzelin D:
Risk factors for postoperative complications in oral cancer and
their prognostic implications. Arch Otolaryngol Head Neck Surg
127: 828-833, 2001. PMID: 11448358.

Horiguchi et al: Enhanced Lung Metastasis During Inflammation

6177

Figure 6. Effect of LPS stimulation on lung metastatic activity of NL-17 cells. (A) Wet lung weight in lung metastasis model mice using LPS-
stimulated NL-17 cells. LPS: lipopolysaccharide, *p<0.05 vs. control. (n=6/group) (B) E-selectin concentrations in the lungs with ALI or pneumonia.
(n=6/group) ALI: acute lung injury, *p<0.05 vs. control.



6 Akyol AM, McGregor JR, Galloway DJ, Murray GD and George
WD: Anastomotic leaks in colorectal cancer surgery: a risk
factor for recurrence? Int J Colorectal Dis 6: 179-183, 1991.
PMID: 1770281. DOI: 10.1007/BF00341385

7 Tsujimoto H, Ono S, Mochizuki H, Aosasa S, Majima T, Ueno
C and MatsumotoA: Role of macrophage inflammatory protein
2 in acute lung injury in murine peritonitis. J Surg Res 103: 61-
67, 2002. PMID: 11855919. DOI: 10.1006/jsre.2001.6325

8 Matsumoto Y, Tsujimoto H, Ono S, Shinomiya N, Miyazaki H,
Hiraki S, Takahata R, Yoshida K, Saitoh D, Yamori T, Yamamoto
J and Hase K: Abdominal infection suppresses the number and
activity of intrahepatic natural killer cells and promotes tumor
growth in a murine liver metastasis model. Ann Surg Oncol
23(Suppl 2): 257-265, 2016. PMID: 25752891. DOI: 10.1245/
s10434-015-4466-7

9 Tsujimoto H, Horiguchi H, Matsumoto Y, Takahata R,
Shinomiya N, Yamori T, Miyazaki H, Ono S, Saitoh D, Kishi Y
and Ueno H: A potential mechanism of tumor progression during
systemic infections via the hepatocyte growth factor (HGF)/c-
Met signaling pathway. J Clin Med 9: 2074, 2020. PMID:
32630328. DOI: 103390/jcm9072074

10 Kawaguchi T: Organ preference of cancer metastasis and
metastasis-related cell adhesion molecules including carbohydrates.
Cardiovasc Hematol Disord Drug Targets 15: 164-186, 2016.
PMID: 26521885. DOI: 10.2174/1871529x15666151102102551

11 Deng JY and Liang H: Clinical significance of lymph node
metastasis in gastric cancer. World J Gastroenterol 20: 3967-
3975, 2014. PMID: 24744586. DOI: 10.3748/wjg.v20.i14.3967

12 Shinomiya N, Gao CF, Xie Q, Gustafson M, Waters DJ, Zhang
YW and Vande Woude GF: RNA interference reveals that
ligand-independent met activity is required for tumor cell
signaling and survival. Cancer Res 64: 7962-7970, 2004. PMID:
15520203. DOI: 10.1158/0008-5472.CAN-04-1043

13 Roma-Rodrigues C, Mendes R, Baptista PV and Fernandes AR:
Targeting Tumor Microenvironment for Cancer Therapy. Int J Mol
Sci 20, 2019. PMID: 30781344. DOI: 10.3390/ijms20040840

14 Sun Q, Sun F, Wang B, Liu S, Niu W, Liu E, Peng C, Wang J,
Gao H, Liang B, Niu Z, Zou X and Niu J: Interleukin-8
promotes cell migration through integrin alphavbeta6
upregulation in colorectal cancer. Cancer Lett 354: 245-253,
2014. PMID: 25150782. DOI: 10.1016/j.canlet.2014.08.021

15 Rosette C, Roth RB, Oeth P, Braun A, Kammerer S, Ekblom J
and Denissenko MF: Role of ICAM1 in invasion of human
breast cancer cells. Carcinogenesis 26: 943-950, 2005. PMID:
15774488. DOI: 10.1093/carcin/bgi070

16 Chang AC, Chen PC, Lin YF, Su CM, Liu JF, Lin TH, Chuang
SM and Tang CH: Osteoblast-secreted WISP-1 promotes
adherence of prostate cancer cells to bone via the VCAM-
1/integrin alpha4beta1 system. Cancer Lett 426: 47-56, 2018.
PMID: 29627497. DOI: 10.1016/j.canlet.2018.03.050

17 Morita Y, Leslie M, Kameyama H, Lokesh GLR, Ichimura N,
DavisR, Hills N, Hasan N, Zhang R, Kondo Y, Gorenstein DG,
Volk DE, Chervoneva I, Rui H and Tanaka T: Functional
blockade of E-selectin in tumor-associated vessels enhances anti-
tumor effect of doxorubicin in breast cancer. Cancers 12(3): 725,
2020. PMID: 32204492. DOI: 10.3390/cancers12030725

Received August 26, 2020
Revised September 8, 2020

Accepted September 11, 2020

ANTICANCER RESEARCH 40: 6171-6178 (2020)

6178


