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                        ORIGINAL ARTICLE    

 Both macrophages and hypoxia play critical role in regulating 
invasion of gastric cancer in vitro      

    ZHANLONG     SHEN  1,2  ,       TUULI     KAUTTU  2  ,       HANNA     SEPP Ä NEN  2  ,       SANNA     VAINIONP Ä  Ä   2  ,  
     YINGJIANG     YE  1  ,       SHAN     WANG  1  ,       HARRI     MUSTONEN  2    &        PAULI     PUOLAKKAINEN  2    

  1 Department of Gastroenterological Surgery, Peking University People ’ s Hospital, Beijing, PR China and  2  Department of 
Surgery, Helsinki University Central Hospital, and University of Helsinki, Helsinki, Finland                              

 Abstract 
  Background.  As previously demonstrated, tumor associated macrophages (TAMs) infi ltration is associated with some 
cancers invasion and metastasis. However, the role of TAMs in the gastric cancer remains unclear.  Methods  Three-
dimensional dynamic migration imaging system and real time RT-PCR were used to quantitatively investigate the effect of 
macrophages on the cancer cell mobility and gene expression related to cancer invasion and metastasis, including ADAM8, 
ADAM9, MMP9, TIMP3, VEGF-A and IL8 genes, in AGS, HGC-27, Hs-746T and NCI-N87 gastric cancer cell lines 
under normal or hypoxic conditions.  Results.  Under normal conditions, the cancer cell invasion rate was increased signifi -
cantly and all six gene expressions were upregulated in all four cancer cell lines by macrophages. Under hypoxia the changes 
in the cancer cell invasion rate induced by macrophages was negatively correlated to the TIMP3 expression. In non-
metastatic cell line AGS, the increase in migration rate induced by macrophages was further elevated under hypoxia 
with increased ADAM8 and ADAM9 expression and decreased MMP9 and TIMP3 expressions. Under hypoxia, the 
induction by macrophages for IL-8 expression was increased signifi cantly in distant metastatic cell lines NCI-N87 and 
HS-746T, VEGF-A was increased in HGC-27 cell line.  Conclusions.  Both macrophages and hypoxia play an indispensable 
role in regulating the invasion of gastric cancer cells in vitro; ADAMs, MMP9 and TIMP3 might be involved in TAM 
induced invasive power of gastric cancer cells.   
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 Gastric cancer is the second most common fatal 
carcinoma in the world, leading to more than 736 000 
deaths annually according to the World Cancer 
Report 2008, which is issued by International 
Agency for Research on Cancer (IARC) [1]. 
Accumulated experimental and clinical research 
reveals that chronic infl ammation is also related to 
cancer formation or progression [2]. Of the infl am-
matory causes for cancer, special macrophages called 
tumor associated macrophages (TAMs), play a cen-
tral role in the tumor onset and progression [3]. 
TAMs have been found recruitment in tumor tissues 
and related to shorter survival time of patients [4,5] .  
Ishigami et   al. [6] found that TAMs infi ltration in the 
gastric carcinoma tissue was positively correlated with 
depth of invasion, nodal status and clinical stage, 
but Ohno et   al. [7] found that infi ltration of TAMs 

was related to better fi ve-year disease free survival .  
Therefore, the role of TAMs in gastric cancer is not 
confi rmed, the mechanism of TAMs regulating the 
invasion and metastasis also remains unclear. 

 We have used three-dimensional (3D) dynamic 
migration imaging analysis system to accurately 
calculate the migration rate of four gastric cancer cell 
lines (AGS, HGC-27, Hs-746T and NCI-N87) in a 
matrix resembling the epithelial basement mem-
brane. We have also measured the change in the 
expression of genes related to invasion and angio-
genesis (ADAM8, ADAM9, MMP9, TIMP3, VEGF-A 
and IL-8) in these cell lines by real time RT-PCR. 
The effect of both macrophages and hypoxia for the 
migration rate, and the gene expression was defi ned. 

 By now, there are no reports about the expression 
of these genes in the relationship between gastric 
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cancer and chronic infl ammation. ADAM8 and 
ADAM9 belong to ADAM family which is an MMP-
related metalloproteinase family and has multiple 
functions including cell adhesion, migration and pro-
teolysis [8]. TIMP3 (Tissue inhibitor of metallopro-
teinase 3) is an inhibitor of metalloproteases (MMP) 
[9]. TIMP3 also reduces ADAM gene expression 
in some members of ADAM family (ADAM10, 
ADAM12 and ADAM28), but not the expressions of 
ADAM 8 and ADAM9 [10]. 

 In our study, we found that co-culture with mac-
rophages increased the invasion rate of every gastric 
cancer cell line studied. There was a correlation 
between ADAM8 expression and increase in invasion 
rate due to macrophages. The changes in macrophage 
induced invasion rate by hypoxia were correlated with 
TIMP3 expression. On the other hand, in non-met-
astatic cell line grown with macrophage, the expres-
sions of ADAM8, ADAM9 were upregulated by 
hypoxia, MMP9 and TIMP3 expressions were down-
regulated resulting in highly increased invasion rate.  

 Materials and methods  

 Gastric cancer cells culture 

 Four gastric cancer cell lines with different biological 
behavior characteristics, AGS, HGC-27, Hs-746T 
and NCI-N87, were cultured in Ham ’ s F12K 
medium, EMEM medium, Dulbecco ’ s modifi ed 
Eagle ’ s medium (DMEM) and RPMI-1640 medium, 
respectively. The site of derivation of the cell line 
was stated in (Table I).   

 Isolation of monocytes and macrophages 

 Mononuclear cells were isolated from healthy sub-
ject ’ s blood with density gradient centrifugation 
(Ficol-Paque, Amershamn, Uppsala, Sweden). The 
mononuclear cells layer was transferred to a clean 
tube and centrifuged. The cells were counted and 
1.4    �    10 6  cells were placed on Matrigel (Matrigel, 
BD Biosciences, San Jose, CA, USA) on coverslip 
(Nalge Nunc International Corporation, Naperville, 
German). The isolated cells were grown in serum-free 

medium designed for macrophages (Macrophage 
serum free medium, Gibco, Paislay, UK) with 
granulocyte-macrophage colony stimulating factor 
(GM-CSF, 10 ng/ml, ImmunoTools, Oldenburg, 
Germany), antibiotics and 5% CO 2  at 37 ° C. 
Monocytes adhered to the matrigel over night and 
differentiated to macrophages by GM-CSF in six 
days and then used for the experiment. When co-
cultured with cancer cells, macrophages developed 
into TAMs [11] with special surface marker, CD14   �   . 
After co-culturing with gastric cancer cells, the per-
centage of CD14  �   positive macrophages reached 
82% as measured with fl ow cytometry.   

 Invasion and migration assay (3D dynamic 
migration imaging system) 

 Cells were grown on matrigel covered coverslip 
wells with serum-free medium designed for mac-
rophages. Gastric cancer cells were grown either 
alone or with differentiated macrophages on matrigel 
and either in normal (5% CO 2  in air) or hypoxic 
conditions (5% CO 2 , 2% O 2 , N 2  94%). Sixty thou-
sand gastric cancer cells were seeded in each well 
of the coverslip. Gastric cancer cells were stained 
with fl uorescent dye (CellTracker green CMFDA, 
Invitrogen, Eugene, OR, USA) before imaging. 
During the invasion phase the cancer cells invaded 
in matrigel were imaged by 3D dynamic migration 
imaging system (Olympus A    �    70 Research System 
microscope, Japan; 12Bit Cooled Imaging Sensicam 
camera, PCD Imaging, Kelheim, Germany). 
The average migration speed was calculated from 
the cells which could be tracked at least for 6 h in 
one z-plane (ImagePro Plus, Media Cybernetics, 
Bethesda, MD, USA) (Figure 1A and B).   

 Cell sorting by magnetic separation 

 Cell sorting was performed after gastric cancer 
cells were cultured with macrophages for 24 h. 
Cell sorting was processed by MACS separator 
(MACS Miltenyi Biotec, Germany), which is based 
on magnetic separation. After Matrigel contained 
cells were dissolved and centrifuged, 80  μ l of Buffer 

  Table I. Source of gastric cancer cell lines.  

Cell lines Source
Histopathological 

subtype
Tumorigenic 

in mice
Catalog 
number Origin

AGS original tumor Intestinal adenocarcinoma Yes CRL-1739 American Type Culture Collection 
(ATCC)

HGC-27 metastatic lymph node Intestinal adenocarcinoma Yes 94042256 European Collection of Cell Cultures 
(ECACC)

Hs-746T metastatic tumor in left leg Intestinal adenocarcinoma Yes HTB-135 American Type Culture Collection 
(ATCC)

NCI-N87 metastatic tumor in the liver Intestinal adenocarcinoma Yes CRL-5822 American Type Culture Collection 
(ATCC)
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  Figure 1.     Gastric cancer cells were grown with macrophages in Matrigel. (A) 3D picture screened by 3D dynamic migration imaging 
system. (B) AGS, HGC-27, Hs-746T and NCI-N87 gastric cancer cell cultured with macrophages. (a) image of gastric cancer cells with 
macrophages under normal light, �100 magnifi cation; (b) image of gastric cancer cells stained with fl uorescence, �100 magnifi cation; (c) 
combined image, ×100 magnifi cation.(N � 3).  

(degassed PBS with 0.5% BSA and 2 mM EDTA) 
and 20  μ l CD14 MicroBeads (MACS Miltenyi Bio-
tec, Germany) were added to the deposit and incu-
bated for 20 min at 4 ° C. Then the cells were washed 
by Buffer and centrifuged. Cells resuspended with 
Buffer were transferred to the prepared LS column 

(MACS Miltenyi Biotec, Germany). Total effl uents 
which contained gastric cancer cells and CD14 neg-
ative macrophages were collected and centrifuged. 
The cell pellets were resuspended in Buffer and 
CD11b Micro Beads, and the above mentioned sep-
arating protocol was repeated.   
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 Real time RT-PCR 

 Total-RNA was isolated from the sorted cells by mem-
brane binding (Rneasy Mini Kit, 74104, Qiagen, Hilden, 
Germany). RNA was reverse transcribed to single 
stranded cDNA by reverse transcriptase method (High 
Capacity cDNA Reverse Transcription Kit, 4368814, 
Applied Biosystems, Bardburg, NJ, USA). The target 
gene expression was measured by real time RT-PCR 
method (TaqMan gene Expression Assay, Applied Bio-
systems). GAPDH was used as an endogenic control 
(TaqMan Endogenous Controls, Applied Biosystems). 
The PCR reactions were run in ABI PRISM 7000 
sequence detection system. 2 - Δ  Δ CT  referred to the fold 
of the relative mRNA expression of one sample as com-
pared to the calibration sample. 2 - Δ Ct  was defi ned as the 
fold of relative mRNA expression of target gene as com-
pared to GAPDH expression in the same sample.   

 Western blotting 

 The cells were lysed by adding lysing buffer (pH 7.6) 
containing 150 mM NaCl, 10 mM TRIS-HCl, 1 mM 
EDTA, 1 mM EGTA, 1% TritonX-100, 0.5% NP-40, 
1x Complete ™  protease inhibitor cocktail (Roche, 
Mannheim, Germany) and 1 mM Pefabloc SC (Roche, 
Mannheim, Germany) and by incubating for 1 h at 
0 ° C followed by short vortexing. Protein concentra-
tions of the samples were determined by colorimetric 
Bradford assay and equal amounts of cytoplasmic pro-
tein extracts (20  μ g) were diluted in Laemmli sample 
buffer with 5% mercaptoethanol. After incubation 
for 5 min at 95 ° C, the samples were resolved in 10% 
polyacrylamide gels in Tris-glycine-SDS buffer. The 
gels were transferred to nitrocellulose membranes, and 
blocked in Odyssey blocking buffer (927-40000, 
LI-COR, Lincoln, NE, USA). The blots were then 
incubated overnight with rabbit anti-ADAM8 
(AB19017, Millipore, Temecula, CA, USA) and mono-
clonal mouse anti-glyceraldehyde-3-phosphate dehy-
drogenase (GAPDH) antibodies (sc-32233, Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) in 
Odyssey blocking buffer    �    Tween 0.1% (OBBT). The 
membranes were washed three times in PBS    �    0.1% 
Tween (PBST) and incubated for 1 h at room tem-
perature with goat anti-rabbit IgG IRDye 800 (1:15000 
(v/v), 926-31220, LI-COR, Lincoln) and with goat 
anti-mouse IgG Alexa 680 dye (1:15000, A21058, 
Molecular Probes, Eugene, OR, USA) in OBBT. After 
washing, protein bands in the membranes were scanned 
by Odyssey infrared imager (LI-COR, Lincoln).   

 Statistical analysis 

 Statistical Package for Social Science (SPSS) version 
17.0 was used. Data were expressed as means  �    SEM. 

One way ANOVA was used to compare the cell 
movement speed data and mRNA expression data 
between different groups. P-values were considered 
signifi cant at the p    �    0.05 level.    

 Results  

 Effect of macrophages on the invasion rate of AGS, 
HGC-27, Hs-746T and NCI-N87 cells under 
normal or hypoxia conditions 

 Under normal conditions, the cell ’ s invasion rates 
were signifi cantly upregulated by macrophages in all 
cell lines (Figure 2). In distant metastasis cell lines 
the macrophage induced increase in invasion rates 
were signifi cantly larger than in non-metastatic cell 
line, AGS [1.3    �    0.1, 1.7    �    0.1 (p    �    0.001) and 3.2    �    
 0.1 (p    �    0.001) with/without macrophages for 
AGS, NCI-N87 and Hs-746T cell lines, respectively]. 

 Under hypoxic conditions without macrophages, 
the invasion rates were accelerated signifi cantly in 
AGS and HGC-27 cell lines, but were reduced in 
distant metastasis cell lines Hs-746T and NCI-N87. 

 When the cancer cells were cultured with mac-
rophages under hypoxic conditions, the invasion rate 
increased signifi cantly in AGS, HGC-27 and NCI-
N87 cell lines compared to normal conditions with 
macrophages, but decreased signifi cantly in Hs- 
746T cell line (p    �    0.001) (Figure 2, Supplementary 

  Figure 2.     Effect of macrophages on the mobility of gastric cancer 
cells under normal and hypoxic conditions. The cells movement 
rates were accelerated due to macrophages in AGS, HGC-27, 
Hs-746T and NCI-N87 cell lines under normal condition. 
Hypoxia induced increase in migration rate in AGS and HGC cell 
lines, decrease in Hs-746T and NCI-N87 cell lines without 
macrophages. When the cancer cells with macrophages cultured 
together under hypoxia condition, the cells movement speeds were 
increased in AGS, HGC-27 and NCI-N87 cell line compared with 
normal condition with macrophages, but decreased in Hs-746T 
cell line.∗P � 0.05; ∗∗P � 0.001.(N � 3).  
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expression was downregulated in HGC-27, Hs-746T 
cell lines, but upregulated in AGS and NCI-N87 
cell line under hypoxic conditions. Hypoxic condi-
tions induced an increase of ADAM9 expression in 
AGS, HGC-27 and NCI-N87 cell lines and a 
decrease in Hs-746T cell line. 

 MMP9 expression was downregulated in all 
four cell lines by hypoxia. TIMP3 expression was 
upregulated in all metastatic cell lines by hypoxia 
and downregulated in AGS cell line. 

 Both VEGF-A and IL8 were upregulated in AGS, 
HGC-27 and NCI-N87 cell lines, and decreased 
in Hs-746T cell lines under hypoxic conditions. The 
upregulation of VEGF-A was most prominent in 
AGS cell line, and the upregulation of IL-8 expres-
sion by hypoxia was most obvious in HGC-27 cell 
line. (Figure 3, Supplementary Table III available 
online at http://informahealthcare.com/doi/abs/
10.3109/0284186X.2012.718444).   

 Effect of hypoxia on ADAM8, ADAM9, MMP9, 
TIMP3, VEGF and IL-8 expression in gastric cancer cell 
lines cultured with macrophages .  We found that the 
hypoxia induced ADAM8 and ADAM9 expressions 
elevations in the AGS cell line cultured with 
macrophages, as compared to normal conditions 
co-cultured with macrophages, but decreased in all 
metastatic cancer cell lines. It is interesting that also 
the corresponding invasion rate was increased in 
AGS cell line, but was only modestly increased or 
decreased in invasive cell lines. 

 MMP9 expression was upregulated slightly in 
Hs-746T and downregulated in all other cell lines 
by hypoxia. TIMP3 expression was elevated in the 
HGC-27 and Hs-746T cell lines, and decreased in 
AGS and NCI-N87 cell lines under hypoxia. There 
was a negative correlation between TIMP3 expression 
and change in invasion rate by hypoxia (Figure 4b). 

 VEGF-A expression was increased in AGS and 
HGC-27 cell line under hypoxia, but downregulated in 
Hs-746T and NCI-N87 cell lines during presence of 
macrophages. The IL-8 expressions were increased in 
distant metastasis cell lines by hypoxia and downregu-
lated in AGS and HGC-27 cell lines during presence 

Table I available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2012.718444).   

 Role of macrophages in the gene expressions related to 
invasion and angiogenesis under normal or hypoxic 
conditions in gastric cancer cells  

 ADAM8, ADAM9, MMP9, TIMP3, VEGF and 
IL-8 expression in gastric cancer cell lines .  The expres-
sions of ADAM8, ADAM9, MMP9, TIMP3, VEGF 
and IL-8 relative of GAPDH expressions are shown 
in Table II. It is noteworthy that, TIMP3 expression 
was the highest in HGC-27 cell line, having the 
lowest cell invasion rate during normal conditions. 
Also, MMP9, VEGF-A and IL-8 expressions 
relative to GAPDH expression in distant metastasis 
cell lines were signifi cantly higher than in non-
metastatic AGS cell line (Table II).   

 Effect of macrophages on ADAM8, ADAM9, MMP9, 
TIMP3, VEGF and IL-8 expression in gastric cancer 
cell lines under normal conditions .  All detected genes 
were upregulated (p    �    0.05) in all four gastric cancer 
cell lines, when co-cultured with macrophages 
under normal conditions (Figure 3, Supplementary 
Table II available online at http://informahealthcare.
com/doi/abs/10.3109/0284186X.2012.718444). 

 ADAM8 expression was elevated more than 
10-fold in each cell line. The elevation of ADAM8 
expression was higher in metastatic cell lines than 
in non-metastatic cell line and the ADAM8 expres-
sion correlated with macrophage induced increase 
in invasion rate (Figure 4a). 

 MMP9 expression was upregulated in cancer over 
1    �    10 4 -fold due to macrophages. The upregulations 
of MMP9 expression in metastatic cell lines were not 
as intense as in non-metastatic AGS cell line. 

 The upregulations of VEGF altered between 
the cell lines (Figure 3, Supplementary Table II 
available online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2012.718444).   

 Effect of hypoxic conditions on ADAM8, ADAM9, 
MMP9, TIMP3, VEGF and IL-8 expression in 
gastric cancer cell lines without macrophages .  ADAM8 

  Table II. ADAM8, ADAM9, MMP9, TIMP3, VEGF-1 and IL-8 mRNA relative expression in gastric cancer cell lines.  

m RNA relative expression (Target gene/GAPDH, 2 � Δ Ct )

ADAM8 
(    �    10 �4 ) p-value

ADAM9 
(    �    10� 1 ) p-value

MMP9 
(    �    10 �5 ) p-value

TIMP3 
(    �    10� 4 ) p-value

VEGF-1 
(    �    10 �2 ) p-value

IL-8 
(    �    10 �5 ) p-value

AGS 1.3    �    0.1 1.3    �    0.0 0.2    �    0.0 0.7    �    0.0 1.7    �    0.0 24.6    �    4.5
HGC-27 0.3    �    0.0 0.803 0.2    �    0.0 0.066 0.1    �    0.0 0.999 149.3    �    16.5 0.001 ∗ 1.0    �    0.0 0.145 0.1    �    0.0 0.522
Hs-746T 32.6    �    5.2 0.001 ∗ 7.5    �    0.1 0.001 ∗ 641.5    �    20.0 0.001 ∗ 0.9    �    0.0 0.591 23.7    �    0.5 0.001 ∗ 829.8    �    43.1 0.001 ∗ 
NCI-N87 6.3    �    0.9 0.252 1.7    �    0.0 0.417 136.5    �    14.1 0.014 ∗ 1.0    �    0.1 0.909 6.5    �    0.1 0.001 ∗ 127.1    �    23.5 0.042 ∗ 

     ∗ Signifi cant at the p    �    0.05 level as compared to AGS cell line (n    �    6).   
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  Figure 3.     Effect of macrophages on ADAM8, ADAM9, MMP9, TIMP3, VEGF-A and IL-8 expression in gastric cancer cell lines under 
normal or hypoxic conditions, log(mRNA relative expression). Different gastric cancer cell lines were cultured with or without macrophages 
either in normal or hypoxic conditions. Expressions of the above mentioned genes were measured with realtime RT-PCR method. Under 
normal conditions, macrophage co-culture upregulated all six genes in gastric cancer cells. Hypoxia had effects depending on cell line, but 
in general hypoxia tended to decrease MMP9 expression and increase TIMP3 expression in gastric cancers cells grown with or without 
macrophages. ∗P � 0.05; ∗∗P � 0.001, as compared to AGS cell line. # the relative mRNA results is signifi cant at P � 0.05 level.(N � 4).  
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of macrophages. (Figure 3, Supplementary Table IV 
available online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2012.718444).   

 ADAM8 protein expression in AGS cell line.   ADAM8 
protein level expression was measured in mac-
rophages grown alone, in AGS cells grown alone and 
in macrophage-AGS co-culture. The main band of 
ADAM8 in macrophage was detected slightly lower 
than in AGS, but no difference was observed when 
macrophages and ADAM were grown together 
(Figure 5, n    �    3) [Supplementary Tables I-IV 
available online at http://informahealthcare.com/doi/
abs/10.3109/0284186X.2012.718444].     

 Discussion 

 Clinical evidence shows that infl ammation plays an 
important role in cancer initiation and progression. 
Solid tumors are infi ltrated by macrophages, which 
comprised up to 80% of tumors [12]. Macrophages 
appear in varying phenotypes based on environmen-
tal stimuli [13], and are divided into two groups: 
M1 phenotype and M2 phenotype. TAMs are con-
sidered as an M2 phenotype, which has poor antigen 
presenting ability, produce factors that suppress 
T-cell proliferation and activity, and promote tumor 
growth and dissemination [14]. Compelling evidence 
has emerged in recent years for TAMs playing an 
important role in tumor cell invasion, metastasis 
and survival [15,16]. The effect of the macrophages 
on the invasion and angiogenesis for gastric cancer 
still lacks confi rmed evidence. Furthermore, the role 
of hypoxia in regulating macrophages function in 
gastric cancer is unknown. 

 In our study, the effect of macrophages on the move-
ment of gastric cancer cells in Matrigel was detected. 
In normal conditions, the cell movement speed was 
accelerated signifi cantly in all gastric cancer cell lines, 
when the cells were co-cultured with macrophages. The 

invasion rate of distant metastasis cell lines were 
increased signifi cantly more by macrophages than in 
non-metastatic cell line. Moreover, it is interesting that 
the basic cell movement speed without macrophages 
was lower in all metastatic gastric cancer cell lines. 
However, since we have used only one primary cell 
line, the comparison between metastatic state is only 
suggestive and these results need to be confi rmed. 

 It has been shown that TAMs preferentially local-
ize to poorly vascularized regions of tumor [17,18], 
and the number of TAMs was higher in tumors con-
taining high overall levels of hypoxia, as seen in pri-
mary human breast carcinomas and various animal 
tumors [19,20]. As previous studies have shown, 
hypoxia could induce the change of the phenotype 
of TAMs and promote proliferation, invasion, and 
metastasis of cancer cells [21,22]. In our study, under 
hypoxic conditions, whatever with or without mac-
rophages, the cell migration rate was accelerated 
signifi cantly in non-metastatic cell line, but retarded 
in aggressive distant metastasis cell lines, such as 
Hs-746T. Therefore, high aggressive gastric cancer 
cell lines might be negatively affected by hypoxia. 

  Figure 4.     Correlations between ADAM8 and TIMP3 expressions in cancer cells and changes in invasion rate either by macrophages or 
by hypoxia. (A) ADAM8 expression in different cancer cell lines (dots) correlates with their response in invasion rate as the cancer cells 
are co-cultured with macrophages (p � 0.006, N � 4). (B) TIMP3 expression in different cancer cell lines (dots) correlates negatively with 
changes in invasion rate induced by hypoxia (p � 0.007, N � 4).  

  Figure 5.     A western blot of ADAM8 protein expression in 
macrophages or AGS cells grown alone or in co-culture. ADAM8 
bands are shown near 75 kD and the possible proform near 90 kD.  
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 In fact, hypoxia could decrease the activity of 
TAMs in some points. Grimshaw and colleagues 
[23] found that hypoxia decreased the activity of 
TAMs by upregulation of the mitogen-activated pro-
tein kinase phosphatase (MKP-1) in macrophages, 
which lead to rapid de-phosphorylation of the signal-
ing enzymes (MEK, ERK1/2, and p38 MAPK) in 
the chemo-attractant receptor of TAMs. This prog-
ress terminated the chemotactic response from the 
chemokines secreted by tumor cells, and decrease the 
activity and mobility of TAMs [24,25]. 

 TAMs promote cancer progression through sev-
eral mechanisms, including promotion of invasion 
and migration and angiogenesis. In this study, we 
measured the expression of genes related to cancer 
invasion and metastasis in gastric cancer cell lines. 
We found that all six genes were upregulated in all 
gastric cancer cell lines by macrophages under nor-
mal conditions. Moreover, we found that the most 
extensive upregulation of ADAM8 expression by 
macrophages under normal conditions occurred 
in cell lines, which also showed most prominent 
increase in invasion rate induced by macrophages. 
The correlation between ADAM8 expression and 
increase in invasion rate induced by macrophages 
suggests a role for ADAM8 in invasion. Hypoxia 
downregulated these macrophage-induced ADAM8 
and ADAM9 expressions in metastatic cancer cell 
lines, but not in non-metastatic cell line, since hypoxia 
mainly downregulated invasion rate in distant meta-
static cell lines, these results might suggest that these 
ADAMs are involved in invasive power of these cells, 
although our results are preliminary. 

 MMP9 is confi rmed to be related to gastric 
cancer invasion and migration [26]. In this study, 
we found that MMP9 was strongly upregulated by 
macrophages in all four cell lines under normal con-
ditions. However, hypoxia decreased the macrophage-
induced upregulation of MMP9 expression in all 
other cell lines, but not in Hs-746T. Although the 
increase in MMP9 expression during macrophage 
co-culture correlated with increased migration rate, 
during hypoxia this correlation was not apparent. 
Factors other than MMP9 seem to affect the migra-
tion rate under these conditions. 

 TIMP3 as an inhibitor of MMP9 was upregulated 
by macrophages in all four cell lines under normal 
conditions. This might refl ect a negative feedback 
mechanism of the large increase in MMP9 expres-
sion. However, under hypoxia, whatever with or 
without macrophages co-cultured, TIMP3 expression 
was upregulated most in Hs-746T cell lines, which 
also showed decreased migration rate due to hypoxia 
probably originating from the inhibitory effect on the 
proteolysis meditated by MMP9. Also the negative 
correlation between TIMP3 expression and hypoxia 
induced change in invasion rate in macrophage 

co-cultured cancer cells suggests that TIMP3 is one 
of the regulatory factors and hypoxia, although fur-
ther studies are needed to confi rm this observation. 

 Formation of new blood vessels (angiogenesis) is 
essential to supply oxygen and nutrients to tumor 
[27]. It has been shown that angiogenesis is facili-
tated by TAMs via expression of angiogenic factors 
(such as vascular endothelial growth factor VEGF 
[28] and IL-8 [29]) promoting the spread of vascular 
endothelial cells. Tumor angiogenesis also could be 
promoted by hypoxia, resulting in enhanced expres-
sion of angiogenic factors [30]. In our study, 
we found that VEGF-A and IL-8 expression were 
upregulated by macrophages in four gastric cancer 
cell lines under normal conditions. However, during 
macrophage co-culture, the regulation of VEGF-
A and IL-8 by hypoxia depended on the cell line. 

 Gastric cancer patients have unfavorable thera-
peutic results and poor survival. Based on the result 
of pro-tumoral functions of TAMs, TAMs appeared 
as attractive candidate of novel therapeutic strate-
gies. We found hypoxia could inhibit the effect of 
macrophages on mobility and expression of genes 
related to invasion and angiogenesis in highly 
aggressive cell lines, such as Hs-746T cell. On the 
contrary, it may promote that effect in the less aggres-
sive gastric cell lines, such as the AGS cell line. 
Although our data is preliminary in vitro, the infor-
mation on TAMs might someday provide new insights 
into improving the treatment of gastric cancer.   
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