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OBSERVATIONAL STUDY

High Infiltration of Tumor-Associated Macrophages
Influences Poor Prognosis in Human Gastric Cancer Patients,
Associates With the Phenomenon of EMT

Jia Zhang, MD, Yan Yan, MD, Ya Yang, PhD, Li Wang, MD, Min Li, MD, Jizhao Wang, MD,
Xu Liu, MD, Xiaoyi Duan, PhD, and Jiansheng Wang, MD, PhD

Abstract: Tumor-associated macrophages (TAMs) are associated
with poor prognosis in numerous human cancers and play important
roles in tumor progression. Epithelial-mesenchymal transition (EMT)
contributes to invasion and metastasis in cancer. However, the associ-
ations between TAMs and EMT are not clear in gastric cancer (GC). The
present study was designed to investigate the effects of TAMs on EMT
in human GC.

TAMs marker CD68 and EMT-related proteins were detected by
immunohistochemistry (IHC) in human GC tissues and their clinical
significance were evaluated.

A high level of infiltration of TAMs was associated with aggressive
characteristics of tumor and an independent poor prognostic factor in
human GC tissues. Infiltration of TAMs was also associated with EMT-
related proteins in human GC tissues.

Our findings suggest that the high level of infiltration TAMs was
associated with aggressive features of GC and is an independent poor
prognostic factor in GC patients. TAMs are associated with EMT
induction in human GC tissues. The level of TAMs infiltration may
be used as a prognostic factor and even a therapeutic target in GC.

(Medicine 95(6):¢2636)

Abbreviations: EMT = epithelial-mesenchymal transition, GC =
gastric cancer, IHC = immunohistochemistry, OS = overall
survival, TAMs = tumor-associated macrophages, TME = tumor
microenvironment.

INTRODUCTION
astric cancer (GC) is one of the most common cancers in
China, and the second most common cause of cancer
deaths worldwide.' Despite recent advances in diagnostic
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and treatment strategies, overall survival (OS) among GC
patients is still poor, owing to high incidences of invasion
and metastasis.? It is necessary to clarify the mechanism of
invasion and metastasis to improve the prognosis of patients
with GC.

Increasing evidence suggests that epithelial-mesenchymal
transition (EMT) contributes to invasion and metastasis in
cancer.> > EMT is a process by which epithelial tumor cells
lose epithelial features and gain mesenchymal phenotypes.
During EMT, expression levels of the adhesion molecule E-
cadherin are decreased, whereas N-cadherin and vimentin levels
are increased.® It is considered as the key step by which tumor
cells gain the higher ability of invasive and metastatic. Tumor
cells take advantage of EMT as an intermediary phenot;fge to
achieve self-renewal and adapt to microenvironments.”” As
EMT represents a crucial step in tumor progression, it is of
interest to identify and characterize the mechanisms regulating
this step.

It is generally accepted that tumor microenvironment
(TME) play important roles in cancer develpoment and metas-
tasis.”!’ TAMs are key orchestrators and a set of macrophages
of TME.'"!'> TAMs are associated with poor prognosis in
numerous human cancers and play important roles in tumor
progression.'> TAMs infiltration in tumors of GC patients is
associated with more malignant phenotypes, including tumor
angiogenesis, depth of invasion, nodal status, and clinical
stages.'*!? Increasing evidence suggests that TAMs promote
EMT in tumor cells.'®~'° However, little is known about TAMs
affect EMT in GC. There have been few studies of the corre-
lation between TAM infiltration and the the expression of
EMT markers in GC tissues. We speculated that TAMs might
induce EMT and consequently promote GC cell migration and
metastasis.

In this study, we examined the level of infiltrated TAMs
and the expression of EMT markers in GC tissues using
immunohistochemistry (IHC). The clinicopathological charac-
teristics of GC and prognosis were demonstrated. Our findings
demonstrate and further support an important link between
TAMs and EMT in regulating GC metastasis.

MATERIALS AND METHODS

Ethics Statement

This study was approved by the Protection of Human
Subjects Committee of First Affiliated Hospital, Xi’an Jiaotong
University and complies with the Helsinki declaration.

Tissue Samples

We collected tissues specimens of 178 gastric cancer
patients from consecutive surgical cases in Department of
Surgical Oncology, The First Affiliated Hospital, Xi’an
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Jiaotong University and Department of Surgical Oncology, the
215th Hospital of Shaanxi province between 2004 and 2009.
The patients included 125 male and 53 female patients (ran-
ging from 25 to 81 years of age). All of the patients were
assessed according to the system for staging primary tumor/
regional lymph nodes/distant metastasis (TNM) described in
the AJCC Cancer Staging Manual.?® None of these 178
patients received neoadjuvant or adjuvant chemotherapy
before the operation.

Immunohistochemical Staining

The tissues specimens were fixed in neutral buffered
formalin and embedded in paraffin wax. The sections of 4-
mm thickness were cut and mounted on charged glass slides.
Antigen retrieval was performed using citrate buffer at pH 6.0.
Immunohistochemical staining was performed with anti-CD68
antibody (ZM-0060, Beijing Zhongshan Biotechnology, Beij-
ing, China), and monoclonal antibodies against E-cadherin
(ZA-0565-3) and vimentin (ZA-0511) were purchased from
Beijing Zhongshan Biotechnology (Beijing, China). The strep-
tavidin-peroxidase technique (SP-9001 Golden Bridge Int,
Beijing, China) was used. An irrelevant rabbit antiserum served
as a negative control. The sections were stained with 0.02%
diaminobenzidine (DAB) solution followed by counterstaining
with hematoxylin.

Evaluation of Immunohistochemical Analysis

The evaluation of CD68, E-cadherin and vimentin expres-
sion was performed independently by 2 experienced pathol-
ogists who were blinded to the clinical data with consensus.
Sections were observed under a light microscope (Carl Zeiss
Axio Scope. Al microscope) at high magnification power
(x400). TAMs density identified by CD68 expression were
estimated (per mm?2) at high power (x400) magnification from
5 areas per case.”' The average number of cells in each case was
determined as follows: < mean as low density and >mean as
high density.

The staining results of E-cadherin and vimentin were
scored semiquantitatively by calculating the immunostaining
intensity and the percentage of positive malignant cells. The
percentage of positive malignant cells was determined in at
least 5 areas under 400 x magnifications and averaged. The
mean percentage was scored as follows: 0 (0—-5%); 1(6—25%);
2 (26-50%); 3 (51-75%), and 4 (76—100%). The staining
intensities were scored as follows: no coloring, 0 point; slightly
yellow, 1 point; brownish-yellow, 2 points; and tan, 3 points.
Finally, the staining score was obtained by calculating the
product of the staining intensity and the positive cell percen-
tage, where < 5 was defined as low expression and > 6 as
high expression.

Statistical Analysis

Statistical analysis was performed using the SPSS software
package (Version16.0, Chicago, IL). A chi-square test was used
to test the association of CD68, E-cadherin and vimentin
expression and the clinicopathological variables. The Spear-
man’s rank correlation coefficient was used for analyzing the
association of the E-cadherin and vimentin expression levels
with the CD68 expression levels. Overall survival was defined
as the time from the date of surgery to the date of the last follow-
up or death from any cause. Survival curves were calculated
using the Kaplan—Meier method and compared using the log-
rank test. For multivariate analysis, the prognostic factors were

2 | www.md-journal.com

analyzed using Cox’s proportional hazard model. Student ¢ test
or 1-way ANOVA was used to compare the normally distributed
variables. The results were considered statistically significant if
P <0.05 (P<0.05%, P<0.01").

RESULTS

Infiltration of TAMs and Their Association With
Clinicopathologic Features of Tumors

The clinicopathological characteristics of the GC patients
were described in Table 1. Respective photomicrographs of
immunohistochemical staining of CD6§ are shown in Figure 1.
High-expression of CD68 was closely related to the pTNM
stage, nodal involvement, metastasis, Borrmann types, differ-
entiation, and tumor diameter, but not to the patients’ gender,
age, and the depth of invasion.

TABLE 1. Correlation of CD68 Expression With Clinicopatho-
logic Characteristics of Gastric Cancer

CD68
Variables N High Low P
Gender 0.947
Male 125 63 62
Female 53 27 26
Age 0.659
<60 94 49 45
>60 84 41 43
TNM <0.001
1 21 5 16
1I 34 11 23
111 83 48 35
v 40 26 14
Depth of invasion 0.476
Tl 16 9 7
T2 18 10 8
T3 67 32 35
T4 77 37 40 0.024
Nodal involvement
NO 49 20 29
N1 36 15 21
N2 35 20 15
N3 58 35 23
Metastasis 0.002
MO 138 61 77
Ml 40 29 11
Borrmann type 0.023
1 22 8 14
I 55 23 32
1 62 36 26
v 39 23 16
Differentiation 0.009
High 12 5 7
Moderate 57 21 36
Poor 109 64 45
Tumor diameter 0.030
<3cm 44 17 27
3-5cm 54 26 28
>5cm 80 47 33

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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FIGURE 1. Detection of CD68, E-cadherin, and Vimentin expression in GC tissue and adjacent normal tissue by IHC. Strong CD68
immunoreactivity was identified in poorly differentiated adenocarcinomas. E-cadherin expression was observed in normal gastric glands
but not in GC tissue. Vimentin expression was not seen in normal tissue but was observed in GC tissue. GC=gastric cancer,

IHC =immunohistochemistry.

Association of TAMs With Expression of EMT
Markers

The relationships between expression of CD68 and the 2
EMT indicator proteins were calculated and have been outlined
in Table 2. It was noted that epithelial protein loss frequencies in
the 178 GC tissues were 66.02% for E-cadherin. Abnormal
mesenchymal protein expression frequencies in the same
samples were 23.30% for Vimentin. The result also showed
that high expression of CD68 correlated with a loss of E-
cadherin expression (r=0.111, P <0.001), and anomalous
positivity of Vimentin (r=9.111, P<0.001) in clinical
GC samples.

TAM Infiltration and Clinical Outcomes

Survival curves were calculated using the Kaplan—Meier
method and compared using the log-rank test. The patients with
high CD68 expression showed a more unfavorable prognosis
than those with low expression (P < 0.001) (Figures 2A and
Table 3). The low levels of E-cadherin expression had a
statistically significant correlation with poor overall survival
(P<0.001) (Figure 2B and Table 3). The high levels of

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

Vimentin expression had a statistically significant correlation
with poor overall survival (P < 0.001) (Figure 2C and Table 3).
Moreover, as seen in Table 4, multivariate Cox analysis showed
that the expression level of CD68 was an independent prog-
nostic factor for patients with GC (P < 0.05).

TABLE 2. The Association Between CD68 With E-Cadherin
and Vimentin

CD68
High Low r P

E-cadherin

High 11 49 0.111 <0.001

Low 79 39
Vimentin

High 36 6 9.111 <0.001

Low 54 82
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FIGURE 2. Expression of CD68 and associated EMT proteins predict poor prognosis of GC. Patients that overexpressed CD68
demonstrated shorter OS than those in the low expression group (P<0.001). Patients with lower expression levels of E-cadherin
had a worse OS than those with high E-cadherin expression levels (P<0.001). Patients that were positive for vimentin expression
exhibited poor survival rates compared with those who were negative for vimentin (P < 0.001). GC = gastric cancer, OS = overall survival.

DISCUSSION

In recent decades, published reports have demonstrated
that TAMs infiltration in GC is associated with more malignant
phenotypes, including tumor angiogenesis, depth of invasion,
nodal status, and clinical stages.'*'> It was demonstrated that
TAMs could extend along lymphatic flow in the pre-metastatic
lymph nodes of human GC.** Zhang et al showed that infiltra-
tion of TAMs could predict OS of patients with GC after
surgical resection.”® Lin et al and Wu et al reported that
infiltration of TAMs correlate with disease progression and
poor survival and thus can serve as a prognostic marker in
GC.2** Infiltration of TAMs could also promote angiogenesis
and lymphangiogenesis of GC.*® We have previous shown
expression of RAP1B is associated with poor prognosis and
promotes an aggressive phenotype in gastric cancer.”” How-
ever, whether or not infiltration of TAMs is involved in EMT of
human GC needs further investigation.

In the present study, we found that high levels infiltration
of TAMs in 51%(90/178) GC tissues. High levels infiltration of
TAMs showed a close relationship with aggressive character-
istics of tumor and an independent poor prognostic factor.

4 | www.md-journal.com

E-cadherin was repressed in 66.02% (118/178) GC tissues.
Vimentin immunoactivity was observed in 42 GC tissues where
36 of which CD68 was overexpressed. Overexpression of CD68
correlated with repression of E-cadherin, and expression of
vimentin. In addition, CD68/vimentin expression significantly
correlated with histological differentiation, lymph node metas-
tasis, TNM stage, and poor prognosis. The character of EMT is
that expression levels of the adhesion molecule E-cadherin are
decreased, whereas N-cadherin and vimentin levels are
increased.® It is considered as the key step by which tumor
cells gain the higher ability of invasive and metastatic. Our
findings suggest that TAMs is associated with EMT induction in
human GC tissues.

How TAMs affect GC progression by inducing EMT has
not been clarified. In hepatocellular carcinoma, it was reported
that TAMs promoted cancer stem cell-like properties via TGF-
Bl-induced EMT by secreted TGF-B1.'® In oral squamous cell
carcinoma (OSCC), it was demonstrated that TAMs play a
protumor role and promote EMT through activation of Gas6/
AxI-NF-kB."” In breast cancer, a recent study demonstrated that
pterostilbene effectively suppresses the generation of CSCs and

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 3. Univariate Analysis for Overall Survival

Overall Survival

Variables N Median + SE 95% CI P
CD68

High 90 29.00 £+ 1.46 26.14-31.86

Low 88 48.00 £3.58 40.99-55.01 <0.001
E-cadherin

High 60 54.00 +2.80 48.52-59.48

Low 118  29.00+1.45 26.15-31.85 <0.001
Vimentin

High 42 31.00+1.62 27.83-34.17

Low 136 40.00+4.46 31.26-48.74 <0.001
Gender

Male 125 34.00 +£2.97 28.16—-39.83

Female 53 38.00 +3.63 30.86-45.13 0.973
Age

<60 94 40.00 £3.87 32.40-47.59

>60 84 32.00+1.13 29.77-34.22 0.223
TNM

1 21 49.00 +3.21 42.69-66.71

11 34 45.00+£5.83 33.57-56.42

111 83 34.00 +£2.27 29.53-38.46

v 40 29.00 £1.57 25.91-32.08 <0.001
Depth of invasion

Tl 16 46.00 £ 8.66 29.01-62.98

T2 18 52.00+15.91 20.81-83.18

T3 67 35.00 +4.60 25.98-44.01

T4 77 31.00 + 1.45 28.14-33.86 0.005
Nodal involvement

NO 49 55.00+9.79 35.79-74.20

N1 36 43.00£7.80 27.22-58.78

N2 35 36.00 +3.54 29.04-42.95

N3 58 29.00£2.53 24.03-33.96 <0.001
Metastasis

MO 138 40.00+3.91 32.32-47.67

Ml 40 29.00 £+ 1.57 25.91-32.08 <0.001
Borrmann type

1 22 39.00 +7.62 24.06-53.93

11 55 40.00 £ 3.69 32.76-47.23

111 62 34.00 +3.50 27.14-40.85

v 39 30.00 +1.77 27.51-34.48 0.502
Differentiation

High 12 40.00 £6.06 28.11-51.88

Moderate 57 39.00+6.11 26.97-51.02

Poor 109  32.00%£1.74 28.59-35.41 0.107
Tumor diameter

<3cm 44 46.00£5.20 35.79-56.20

3-5cm 54 34.00+1.83 30.40-37.51

>5cm 80 32.00+0.98 30.06-33.93 0.019

CI = confidence interval.

metastatic potentialunder the influence of TAMs via modulat-
ing EMT-associated signaling pathways, specifically NFkB/
miR488 circuit.'® Liu CY et al reported TAMs promoted EMT
in pancreatic cancer cells partially through TLR4/IL-10 signal-
ing."” It is suggested TAMs may induce invasiveness of GC by
activating the B-catenin pathway.”® The mechanism of how
TAMs affect GC progression by inducing EMT needs
further investigation.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

TABLE 4. Multivariate Cox Proportional Hazards Analysis for
Overall Survival

Overall Survival

Variables HR 95% CI P

Nodal involvement 0.397 0.237-0.664 <0.001
CD68 1.581 1.040-2.403 0.032
E-cadherin 0.533 0.351-0.808 0.003
Vimentin 0.531 0.335-0.841 0.007

In summary, we showed that infiltration of TAMs
was associated with aggressive features of GC and EMT.
Infiltration of TAMs is an independent poor prognostic factor
in GC patients. The level of TAMs infiltration may be used as
a prognostic factor and even a therapeutic target in
gastric cancer.
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