
ONCOLOGY LETTERS  15:  8027-8033,  2018

Abstract. Tunica Interna endothel ia l cel l k inase 
(Tie2)‑expressing macrophages (TEMs) are a subgroup of 
tumor‑associated macrophages that are associated with a 
poor prognosis in numerous types of cancer. The present 
study aimed to assess the prognostic impact of Tie2 expres-
sion in gastric cancer tissues. Between January 2009 and 
December 2009, 76 newly diagnosed patients with gastric 
cancer at the Southwest Hospital, Third Military Medical 
University (Chongqing, China) were enrolled. TEMs were 
detected using immunohistochemistry. Tie2, cluster of 
differentiation (CD)68 and carbonic anhydrase IX (CAIX) 
were analyzed using immunohistochemistry and immuno-
fluorescent microscopy. Tie2 protein expression was analyzed 
using western blot analysis in hypoxic and normoxic gastric 
cancer tissues. The number of TEMs positively staining for 
Tie2 increased with the tumor‑node‑metastasis (TNM) stage: 
0, 53.9, 75.6 and 100% in stages I, II, III and IV, respectively 
(P<0.001). Tumor size and lymph node involvement were 
significantly associated with the presence of Tie2 in the tumor 
stroma (P<0.001). There was no significant difference between 
Tie2 and CAIX, irrespective of how the patients were grouped 
(tumor size, lymph node involvement, TNM stage or histo-
logical grade). Tie2 protein expression was increased in the 
hypoxic regions of gastric tumors.Tie2 and CD68 expression 
colocalized in hypoxic and normoxic gastric cancer tissues. 
The 1‑, 2‑ and 3‑year recurrence rates of the TEM‑positive 

group were 31.4, 56.9 and 66.7%, respectively, as compared 
with 8, 28 and 48%, respectively, for the TEM‑negative group 
(P<0.05). In the TEM‑negative group, 2 patients succumbed to 
the disease, as compared with 21 patients in the TEM‑positive 
group (P<0.05). Therefore, high quantities of TEMs, repre-
sented by Tie2 expression, in gastric tumors may be associated 
with poor survival.

Introduction

Gastric cancer is an important health concern with an 
age‑adjusted incidence rate of 9.7/100,000  males and 
4.8/100,000 females in the United States (1), however, this 
incidence rate is higher in Japan, Finland, Iceland, Brazil, 
Korea and China (2). Notable risk factors include diet (high 
salt, low animal fat, high complex carbohydrates, nitrites and 
red or processed meat), mucosal atrophy, chronic gastritis, 
smoking and Helicobacter pylori infection (3,4). At presenta-
tion, only 40% of patients with gastric cancer are curable, and 
the 10‑year cancer‑associated survival rate is 51% when the 
cardia is not involved (5). Treatment typically consists of a 
combination of surgery and chemotherapy (6,7).

Macrophages from the peripheral blood that infiltrate 
tumor tissues are named tumor‑associated macrophages 
(TAMs). TAMs are an important part of solid tumors and have 
an essential role in tumor progression (8‑10). Noy et al (11) 
have hypothesized that the greater the number of macro-
phages in the tumor, the more efficient their anti‑tumor effect. 
However, previous studies have also identified that the pres-
ence of TAMs is associated with a poor prognosis in a number 
of malignancies (12‑14). Certain characteristics of the TAMs 
may have a functional role in this effect on tumors.

Tunica Interna endothelial cell kinase (Tie2) is a receptor 
tyrosine kinase expressed on endothelial cells and hemato-
poietic stem cells (15). Tie2‑expressing macrophages (TEMs) 
are a subgroup of TAMs, which were initially identified in 
a mouse breast cancer model (16) and are characterized by 
high expression levels of the pro‑angiogenic receptor Tie2. 
Venneri et al  (17) also identified TEMs in the peripheral 
blood, where they accounted for 2‑7% of the blood mono-
nuclear cells from healthy donors (17). TEMs were primarily 
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located in the hypoxic regions of tumors and may be involved 
in tumor angiogenesis, thus promoting tumor progression and 
metastasis (18). Previous studies have demonstrated that the 
degree of TEM infiltration into tumor hypoxic regions may be 
an adverse prognostic factor for patients with cancer (14,19); 
however, a small number of studies (14,20) focused on the 
effects of Tie2 on tumor recurrence and disease‑free survival.

Therefore, the aim of the present study was to assess the 
prognostic impact of Tie2 expression in TEMs identified in 
patients with gastric cancer. The results of the present study 
indicate Tie2 to be a novel prognostic marker for these patients 
or a potential target for therapy.

Materials and methods

Patient characteristics. From January 2009 to December 2009, 
76 newly diagnosed patients (51 males and 26 females aged 28 
to 86 years) with gastric cancer who underwent surgical tumor 
resection at the Department of Surgery and Center of Minimally 
Invasive Gastrointestinal Surgery, Southwest Hospital, Third 
Military Medical University (Chongqing, China) by the same 
gastrointestinal surgery team were enrolled in the present 
study. Histopathological diagnosis was performed by an expe-
rienced pathologist according to the criteria of the American 
Joint Commission on Cancer  (21). The exclusion criteria 
included a history of previously treated cancer and preop-
erative chemotherapy or radiotherapy. All patients received 
adjuvant oxaliplatin and capecitabine chemotherapy. The 
current study was approved by the Institutional Review Board 
of the Southwest Hospital, Third Military Medical University 
and written informed consent was obtained from all patients.

Data collection. Detailed clinicopathological data was 
collected from the medical records of each patient, including 
sex, age, tumor location, tumor diameter and the extent of tumor 
resection. Follow‑up was censored in December 2013 and the 
collection of subsequent treatment, recurrence and survival 
status data was completed by this date. Progression‑free 
survival (PFS) was defined as the time interval from diagnosis 
to first tumor progression, recurrence or metastasis. Overall 
survival (OS) was measured from diagnosis to the date of 
mortality or to December 2013.

Immunohistochemistry. Gastric cancer tissues were collected 
during surgery and fixed in 10% formalin for 24 h at 18˚C, 
prior to paraffin embedding. Paraffin sections (4 µm thick) 
of gastric cancer tissues were mounted on silanized slides, 
dewaxed at 56˚C for 30 min, deparaffinized with xylene (slices 
were placed in >99% xylene I and xylene II for 5 min at a time) 
and rehydrated using ethanol (100, 100, 95, 85, 75 and 75% 
ethanol, 3 min at room temperature) and washed with PBS for 
3 min. Peroxidase activity was quenched with 3% hydrogen 
peroxidase at room temperature for 15 min and non‑specific 
background staining was eliminated using blocking buffer 
(2% goat serum, 0.2% Triton X‑100 and 0.1% bovine serum 
albumin in PBS) at room temperature for 1 h. Primary anti-
bodies against Tie2 (dilution, 1:50; cat no. ab24859; Abcam, 
Cambridge, UK) or carbonic anhydrase IX (CAIX; dilution, 
1:400; cat no.  ab107257; Abcam) were applied overnight 
at 4˚C. Following washing three times in PBS for 3 min, 

immunodetection was performed using a labeled polymer 
horseradish peroxidase mouse antibody (cat no. SC‑51948; 
dilution, 1:100; Santa Cruz Biotechnology, Inc., Dallas, TX, 
USA) incubated for 10 min at room temperature. Slides were 
subsequently washed with dH2O, visualized with 3,3'‑diami-
nobenzidine for 10  min and counterstained with Mayers 
hematoxylin. The negative controls were obtained by omitting 
the primary antibodies.

Slides were evaluated using an Eclipse TE2000‑S micro-
scope (Nikon Corporation, Tokyo, Japan) by two independent 
investigators who were blinded to the clinical outcomes. Images 
were captured under x400 magnification using Image‑Pro Plus 
v5.0 software (Media Cybernetics, Inc., Rockville, MD, USA). 
Tie2 and CAIX expression levels in cancer cells were graded 
as follows: ‑(≤10% of positive cells), +(20%‑50% of positive 
cells), ++(≥50% of positive cells).

Immunofluorescent staining. Paraffin sections were dewaxed 
by heating to 56˚C for 30 min, deparaffinized using xylene I 
and xylene II for 5 min at a time and rehydrated using ethanol 
(100, 100, 95, 85, 75 and 75% ethanol, 3 min at room tempera-
ture) and washed with PBS for 3 min. Peroxidase activity was 
quenched using 3% hydrogen peroxidase at room temperature 
for 15 min and non‑specific background staining was eliminated 
using a blocking buffer (2% goat serum, 0.2% Triton X‑100 and 
0.1% bovine serum albumin in PBS) at room temperature for 1 h. 
Primary antibodies against Tie2 (dilution, 1:50; cat no. SC‑324; 
Santa Cruz Biotechnology, Inc.) or CD68 (dilution, 1:50; cat 
no. ab955; Abcam) were applied overnight at 4˚C. Following 
washing three times with PBS for 10 min, the secondary anti-
bodies were added; donkey anti‑Rabbit IgG (Alexa Fluor 647, 
dilution, 1:50; cat no. A31573, or donkey anti‑Mouse IgG Alexa 
Fluor 488, dilution, 1:50; cat no. A21202s; both Invitrogen; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) at 37˚C for 
60 min. Then they were washed 5 times with PBS, for 10 min 
each time. DAPI was then added at 37˚C for 5 min. This was 
followed by washing 3 times with PBS, for 10 min each time. 
The slices were then sealed using glycerin. Slides were viewed 
at a magnification of x400 using a fluorescence microscope 
(Eclipse TE2000‑S Nikon Corporation) using Image‑Pro Plus 
v5.0 software (Media Cybernetics, Inc.).

Statistical analysis. Continuous data are presented as the 
mean  ±  standard deviation and were analyzed using the 
Student's t test. Categorical data are presented as frequencies 
and were analyzed using the Fisher's exact test. Pearsons 
chi‑square test was used to compare the recurrence rate 
of gastric cancer up to 3 years following surgery. Survival 
rates were analyzed using the Kaplan‑Meier method and the 
log‑rank test. Data analysis was performed using SPSS v.13.0 
(SPSS, Inc., Chicago, IL, USA). P<0.05 was considered to 
indicate a statistically significant difference.

Results

Characteristics of the patients. Table I presents the character-
istics of all enrolled patients. A total of 51 male and 25 female 
patients were enrolled in the present study. The median age was 
56 years (range, 28‑86). The tumors were located in the gastric 
antrum in 42 patients, in the body of the stomach in 16 patients 
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and in the cardia in 18 patients. The tumor histological grade 
was I in 10 patients, II in 21 patients and III in 45 patients. The 
tumor‑node‑metastasis (TNM) stage (22) was I in 9 patients, 
II in 13 patients, III in 41 patients and IV in 13 patients. The 
median follow‑up was 52.3 months (range, 48‑60) and no 
patient failed to complete follow‑up.

Associations between clinicopathological characteristics and 
TEM recruitment in the gastric cancer stroma. The associa-
tions between certain clinicopathological characteristics and 
TEM recruitment in gastric cancer stroma are presented 

in Table I. The positive rate of TEM recruitment in gastric 
cancer stroma was 67.2%. TEM recruitment increased with 
TNM stage: 0, 53.9, 75.6 and 100% in stages I, II, III and IV, 
respectively (P<0.001). Tumor size and lymph node involve-
ment were significantly associated with the presence of TEMs 
in the tumor stroma (P<0.001). Age, gender, histological grade 
and tumor location were not significantly associated with the 
presence of TEMs in the tumor stroma.

Association between clinicopathological characteristics and 
the expression of CAIX and Tie2 in gastric cancer. CAIX and 
Tie2 expression levels in gastric cancer cells are presented in 
Table II and Fig. 1. The expression of CAIX and Tie2 in gastric 
cancer was positive in 66/76 patients (86.8%) for CAIX and 
in 65/76 patients (85.5%) for Tie2. There was no significant 
difference between the two markers, irrespective of how the 
patients were grouped (tumor size, lymph node involvement, 
TNM stage or histological grade).

Tie2 expression level and its association with hypoxia. 
Table  II demonstrates that Tie2 protein expression was 
increased in the hypoxic regions of gastric tumors. Comparing 
the expression of Tie2 and CAIX in gastric cancer tissues, it 
was identified that the expression of Tie2 in gastric cancer 
tissues was consistent with the expression of hypoxia marker 
CAIX in gastric cancer tissues. Fig. 2 identifies that Tie2 and 
CD68 (a macrophage‑specific marker) expression colocalizes 
in gastric cancer tissues. TEMs are a subset of mononuclear 
macrophages that infiltrate tumor tissues.

Recurrence of gastric cancer. The 1‑, 2‑ and 3‑year recur-
rence rates are presented in Table III. The recurrence rates of 
the TEM‑positive group were 31.4, 56.9 and 66.7%, respec-
tively, compared with 8, 28 and 48%, respectively, for the 
TEM‑negative group (P<0.05). Tie2 patients with positive 
gastric cancer experienced a significantly lower incidence of 
tumor recurrence within three years after surgery than those 
with negative Tie2 expression. (P<0.05; Fig. 3).

Discussion

The aim of the present study was to assess the prognostic impact 
of Tie2 expression in TEMs identified in patients with gastric 
cancer. These results indicated that Tie2 and CD68 expression 
colocalizes in gastric cancer tissues. Tie2 positivity increased 
with TNM stage. Tumor size and lymph node involvement were 
significantly associated with the presence of TEM recruitment in 
the tumor stroma. It was identified that there was no significant 
difference in tumor stage between Tie2 and CAIX expression, 
irrespective of how the patients were grouped (tumor size, 
lymph node involvement, TNM stage or histological grade). 
Tie2 protein expression was increased in the hypoxic regions of 
the gastric tumors. The 1‑, 2‑ and 3‑year recurrence rates were 
increased in the TEM‑positive group, as compared with in the 
TEM‑negative group. In the TEM‑negative group, the recur-
rence rate of tumor recurrence within 3 years after surgery was 
significantly higher than the TEM‑positive group.

CAIX expression levels reflect the state of tumor hypoxia, 
and its expression in solid tumors is an established marker of 
poor prognosis (23‑26). In the present study, CAIX was used to 

Table I. Clinicopathological characteristics of the patients with 
gastric cancer (n=76).

Characteristic	 Tie2‑positive, n (%)	 P‑value

Age, years		  NS
  <60	 32/50 (64.0)
  ≥60	 19/26 (73.1)
Gender		  NS
  Male	 34/51 (66.7)
  Female	 17/25 (68.0)
Tumor sizeb	 	 <0.001a

  T1	 0/2 (0.0)
  T2	 3/13 (23.1)
  T3	 40/53 (75.5)
  T4	 8/8 (100.0)
Lymph node metastasesc	 	 <0.001a

  N0	 4/17 (23.5)
  N1	 18/28 (64.3)
  N2	 28/30 (93.3)
  N3	 1/1 (100.0)
TNM stage		  <0.001a

  I	 0/9 (0.0)
  II	 7/13 (53.9)
  III	 31/41 (75.6)
  IV	 13/13 (100.0)
Histological grade		  NS
  I	 9/10 (90.0)
  II	 12/21 (57.1)
  III	 30/45 (66.7)
Tumor location		  NS
  Gastric antrum	 26/42 (61.9)
  Body of the stomach	 10/16 (62.5)
  Cardia	 15/18 (83.3)

aP<0.05. P‑values were obtained using the Fisher's exact test. NS, 
not significant; Tie2, Tunica Interna endothelial cell kinase. bT1, The 
tumor is immersed in the basement membrane or submucosa. T2, The 
tumor is immersed in the muscle film or subserous membrane. T3, 
The tumor penetrates the serous membrane but does not infiltrate the 
adjacent tissue. T4, Tumor infiltration adjacent tissue. cN0, No lymph 
node metastasis. N1, There are 1‑6 regional lymph node metastases. 
N2, There are 7 to 15 regional lymph node metastases. N3, There are 
more than 15 regional lymph node metastases.

https://www.spandidos-publications.com/10.3892/ol.2018.8329
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Figure 1. Immunohistochemical examination of human gastric cancer tissues for Tie2 and CAIX. (A) Gastric cancer tissue with positive Tie2 expression. Tie2 
was primarily expressed in the gastric cancer cells. Tie2 is mainly expressed in the cytoplasm of macrophages, and the cytoplasm is stained brown and yellow. 
(B) CAIX positive expression in gastric cancer tissue. CAIX is mainly expressed in the cytoplasm of gastric cancer cells, and the cytoplasm is stained brown 
and yellow. (C) Numerous Tie2‑expressing macrophages were located in the tumor stroma (marked with red arrows). (D) Gastric cancer tissue that is negative 
for Tie2 expression. Magnification, x400. Tie2, Tunica Interna endothelial cell kinase; CAIX, carbonic anhydrase IX.

Table II. CAIX and Tie2 expression in gastric cancer (n=76).

	 CAIX, n (%)	 Tie2, n (%)
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 ‑	 +	 ++	 ‑	 +	 ++	 P‑value

Tumor sizea	 						      NS
  T1	 2 (100.0)	 0	 0	 2 (100.0)	 0	 0
  T2	 3 (25.0)	 8 (66.7)	 1 (8.3)	 3 (25.0)	 9 (75.0)	 0
  T3	 5 (9.4)	 13 (24.5)	 35 (66.0)	 5 (9.4)	 24 (45.3)	 24 (45.3)
  T4	 0	 0	 9 (100.0)	 0	 2 (22.2)	 7 (77.8)
Lymph nodesb	 						      NS
  N0	 9 (50.0)	 6 (33.3)	 3 (16.7)	 10 (55.6)	 6 (33.3)	 2 (11.1)
  N1	 1 (3.6)	 15 (53.6)	 12 (42.9)	 1 (3.6)	 21 (75.0)	 6 (21.4)
  N2	 0	 2 (8.0)	 23 (92.0)	 0	 8 (32.0)	 17 (68.0)
  N3	 0	 0	 5 (100.0)	 0	 0	 5 (100.0)
TNM stage							       NS
  I	 5 (55.5)	 4 (44.4)	 0	 5 (55.5)	 4 (44.4)	 0
  II	 4 (33.3)	 6 (50.0)	 2 (16.7)	 4 (33.3)	 6 (50.0)	 2 (16.7)
  III	 1 (2.4)	 11 (26.2)	 30 (71.4)	 1 (2.4)	 24 (57.1)	 17 (40.5)
  IV	 0	 0	 13 (100.0)	 0	 1 (7.7)	 12 (92.3)
Histological grade							       NS
  I	 2 (20.0)	 2 (20.0)	 6 (60.0)	 2 (20.0)	 2 (20.0)	 6 (60.0)
  II	 3 (14.3)	 9 (42.9)	 9 (42.9)	 4 (19.1)	 11 (52.4)	 6 (28.6)
  III	 5 (11.1)	 14 (31.1)	 26 (57.8)	 5 (11.1)	 19 (42.2)	 21 (46.7)

P‑values were obtained using the Fisher's exact test. NS, not significant; Tie2, Tunica Interna endothelial cell kinase; CAIX, carbonic 
anhydrase IX. aT1, The tumor is immersed in the basement membrane or submucosa. T2, The tumor is immersed in the muscle film or subse-
rous membrane. T3, The tumor penetrates the serous membrane but does not infiltrate the adjacent tissue. T4, Tumor infiltration adjacent tissue.
bN0, No lymph node metastasis. N1, There are 1‑6 regional lymph node metastases. N2, There are 7 to 15 regional lymph node metastases. 
N3, There are more than 15 regional lymph node metastases.
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locate the hypoxic areas in gastric cancer tissues. However, there 
was no significant difference in the association between CAIX 
and prognostic markers compared with Tie2 and prognostic 
markers, suggesting that CAIX and Tie2 are associated with 
tumor hypoxia. In addition, western blot analysis demonstrated 
that Tie2 protein levels are increased in hypoxic tumor tissues.

In the present study, Tie2 immunohistochemistry was used 
to reflect the infiltration of tumors by TEMs, as TEMs are the 
only cells known to express Tie2 (17). Positive Tie2 expres-
sion was associated with tumor size, lymph node involvement 
and TNM stage, which are established prognosis markers for 
gastric cancer (5). Indeed, previous studies have identified 
that the degree of TEM infiltration of tumor hypoxic regions 
may be an adverse prognostic factor in patients with breast 
cancer (14,20); the results of the present study suggest that this 
may also apply to gastric cancer.

In a study by Reed et al (27), high rates of disease recur-
rence have been associated with the abundance of lymphatic 
channels and vascularization within the gastric wall, which 
may provide opportunity for cancer cells to migrate. Tie2 
is a receptor involved in angiogenesis  (19). The results of 
the present study demonstrated that the number of patients 
with Tie2‑positive gastric cancer was increased alongside an 
increase in the rate of regional lymph node invasion, which is 
concordant with the observations of Reed et al (27).

Following surgery, the gastric cancer recurrence rate was 
increased in the Tie2‑positive group and Tie2 protein expres-
sion was higher in hypoxic gastric cancer tissues compared 
with in normoxic gastric cancer tissues. The hypoxic micro-
environment of a tumor serves two roles. Firstly, hypoxia may 
lead to tumor necrosis but the microenvironment surrounding 
the tumor necrosis also induces angiogenesis, thus promoting 
tumor progression and metastasis  (28‑33). A number of 

Figure 3. Kaplan‑Meier analysis of patient survival rates according to 
TEM status. Patients with TEM‑ gastric cancer had a reduced survival rate 
compared with those with TEM+ cancer. P<0.05, TEM+ vs. TEM‑. TEM, 
Tunica Interna endothelial cell kinase‑expressing macrophages.

Figure 2. Immunofluorescence analysis for (A) CD68, (B) Tie2 and (C) merged images in hypoxic gastric cancer tissues, and (D) CD68, (E) Tie2 and 
(F) merged images in normoxic cancer tissues. Magnification, x400. CD68, cluster of differentiation 68; Tie2, Tunica Interna endothelial cell kinase.

Table III. Tumor recurrence rate of gastric cancer patients within three years of surgery.

Recurrence date	 TEM‑negative, n (%)	 TEM‑positive, n (%)	 P‑value

1‑year	 2/25 (8.0)	 16/51 (31.4)	 0.024a

2‑year	 7/25 (28.0)	 29/51 (56.9)	 0.018a

3‑year	 12/25 (48.0)	 34/51 (66.7)	 0.118

aP<0.05. P‑values were estimated using the Pearson χ2 method. TEM, TEM, Tunica Interna endothelial cell kinase‑expressing macrophages.

https://www.spandidos-publications.com/10.3892/ol.2018.8329
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previous studies have established that TEM infiltration in the 
tumor tissue promotes tumor angiogenesis in the microenvi-
ronment and, therefore, contribute to tumor progression and 
the metastasis of tumor cells (10,30,31,33,34). Furthermore, 
with the development of the tumor, the hypoxic state of the 
tumor microenvironment induces the macrophage phenotype 
to change from M1 to M2, resulting in an modification from 
immune surveillance and cytotoxicity to immune escape, 
which promotes tumor progression and metastasis (35). These 
previous studies support the results of the present study, 
demonstrating that Tie2‑positive TAMs located in the stroma 
of gastric cancer have an affect on tumor recurrence and 
patient survival.

The present study has limitations. The sample size was 
small and from a single institution. In addition, a comprehen-
sive panel of prognostic markers was not assessed. Further 
investigation is required to fully assess the role of Tie2 in the 
prognosis of gastric cancer, including in vitro experiments 
using TEMs in hypoxic and normoxic environments.

In conclusion, Tie2 positive expression (representing infil-
trated TEMs) in gastric tumors may be associated with poorer 
survival. Tie2 has the potential to be used as a prognostic 
marker for gastric cancer and may be a novel therapeutic target.
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