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Abstract

infiltration in colorectal cancer (CRC) patients.

0.191, 95% Cl 0.078-0.470, P = 0.000).

Background: This study aimed to explore the prognostic significance of tumor-associated macrophage (TAM)

Methods: Tissue microarray and immunohistochemistry were used to detect the infiltration of CD163+ TAMs in 209
CRC samples, and the Kaplan—Meier method was used for survival analysis. Cox proportional hazards analysis was
used for univariate analysis and multivariate analysis of clinically relevant confounders.

Results: The samples were divided into low-level (n = 105) and high-level infiltration groups (n = 104) by the
median number of CD163+ TAMs detected. The overall survival (OS) and disease-free survival (DFS) of CRC patients
in the low-level CD163+ TAM infiltration group were longer than those in the high-level CD163+ TAM infiltration
group (P < 0.001). Infiltration of CD163+ TAMs in CRC tissues was a negative prognostic factor for CRC patients.
Risks of death and disease recurrence for CRC patients in the low-level CD163+ TAM infiltration group were lower
than those in the high-level CD163+ TAM infiltration group (HRos = 0.183, 95% Cl 0.052-0.647, P = 0.008; HRprs =

Conclusions: The infiltration of CD163+ TAMs in CRC tissue is an independent adverse factor for the prognosis of
CRC patients. High-level infiltration of CD163+ TAMs is associated with shorter OS and DFS.
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Background

There are a variety of immune cells in the tumor micro-
environment, including innate immune cells and adap-
tive immune cells. Numerous studies have shown that
these immune cells interact with cancer cells in complex
ways [1]. In cancer involving tissues of the digestive sys-
tem, the levels of macrophages, activated mast cells, and
CD4+ memory activated T cells may be higher than in
normal tissues [2]. Mast cell infiltration is associated
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with increased Annexin Al expression in triple-negative
breast cancer [3]. Programmed cell death 1 (PD-1)
blockade is effective in immunotherapy of various tu-
mors, but may cause hyperprogressive disease in im-
munotherapy of advanced gastric cancer [4]. In addition,
several studies have been published examining the appli-
cation of immunotherapy based on the function of im-
mune cells in the tumor microenvironment [5].

Studies have also focused on the relationship between
the clinical features, prognosis, and immune therapy of
colorectal cancer (CRC) patients and immune cell infil-
tration of T lymphocytes [6, 7], Programmed death-
ligand 1(PD-L1) [8], and CD20+ B lymphocytes [9]. It
has also been shown that the infiltration of tumor-
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associated macrophages (TAMs) is associated with me-
tastasis of CRC [10], and macrophage-derived IL-6 is as-
sociated with drug resistance of CRC [11].

Macrophages in the tumor microenvironment are di-
vided into M1 and M2 macrophages [12]. Activated M1
macrophages promote anti-tumor immune responses by
regulating antigen presentation and secreting pro-
inflammatory cytokines [13]. M2 macrophages promote
tumor development by producing anti-inflammatory cy-
tokines [14]. The purpose of this study was to evaluate
the relationship between the infiltration of CD163+
TAMs and the clinical features and prognosis of CRC
patients.

Materials and methods

Patients

For this study, 209 primary CRC surgical specimens
from the Second Affiliated Hospital, Wenzhou Medical
University, were retrospectively collected from 2001 to
2009. All samples were confirmed to be CRC adenocar-
cinomas by two pathologists and none of the enrolled
patients had received postoperative chemotherapy or
other treatments. The clinicopathological features of pa-
tients were also collected. TNM stages were classified
according to the American Joint Committee on Cancer
guideline (7™ Edition). Ethical approval for the study
was obtained from the ethics committee of the Second
Affiliated Hospital, Wenzhou Medical University, and in-
formed consent was also obtained from all patients.

Tissue microarray and immunohistochemistry

The morphologically representative areas with a diam-
eter of 1 mm were selected following hematoxylin and
eosin-staining and were punched from formalin-fixed
and paraffin-embedded tissues. All samples were
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included into one ngTMA block to produce the tissue
array using an automated tissue microarrayer (Grand-
master, 3DHistech, Hungary). Each tissue spot included
at least 50% tumor cells and used for immunohisto-
chemistry study as previously described [15]. Tissue ar-
rays were incubated with primary antibody for CD163
(ab182422, Abcam) at a dilution of 1:500 at 4°C over-
night after dewaxing, rehydration, and elimination of en-
dogenous peroxidase. Next, the tissues were incubated
with the secondary antibody (ab97080, Abcam; at a dilu-
tion of 1:2000) at room temperature for 10 min and
stained with diaminobenzidine for 1.5 min and counter-
stained with hematoxylin for 30s. Positive staining was
calculated in three different high-power fields (40x ob-
jective) (Fig. 1A). The number of infiltrated CD163+
TAMs was recorded as the mean number of these three
values. Two independent pathologists who were blinded
to the clinical data evaluated the immunostaining and
the results were averaged.

Clinical parameters of outcomes and statistical basis

The age distribution was transformed as categorical vari-
able, with 60 years as the cut-off value for comparisons.
The CEA and CA199 values were also divided into two
groups with normal values of 5.0 ng/mL and 37 U/mL as
the cut-off values, respectively [16]. The median of the
positive numbers of CD163+ TAMs was selected as the
cut-off value. Patients were divided into two groups
based on the number of examined lymph nodes with a
cut-off value of 12 [17]. These data are reported as n
(%), and the comparison of clinical characteristics be-
tween the low-level TAM group and high-level TAM
group was performed by chi-square test. The Kaplan—
Meier method was used for survival analysis and the log-
rank test for comparison of overall survival (OS) and

A

levels in 209 CRC patients based on a median value of 115

Fig. 1 Representative images of staining of CD163+ TAMs. Tumor tissue with high TAM infiltration are shown at 200x (A) and 400x (B)
magnification, and tumor tissue with low TAM infiltration are shown at 200x (C) and 400x (D). E Graphs stratifying patients by CD163+ TAM
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disease-free survival (DFS) curves. Cox proportional haz-
ard analysis was used for univariate and multivariate
analysis for clinically relevant confounders. All statistical
analyses were performed using statistical package SPSS
(version 22.0 for Windows, IBM SPSS statistics) and P-
values < 0.05 were considered statistically significant.

Results

Association between CD163+ TAM infiltration and clinical
characteristics

According to the median value of CD163+ TAM infiltra-
tion, patients were divided into high-level TAMs (> 115)
and low-level TAMs (< 115) groups (Fig. 1). We ana-
lyzed the correlation between CD163+ TAM infiltration
in CRC tissues and various clinical characteristics. There
were no significant differences in terms of age, sex,
TNM stage, location, differentiation, and CEA and
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CA199 levels between the two groups, with the excep-
tion of the number of examined lymph nodes (Table 1).

Association between CD163+ TAM infiltration, clinical
characteristics, and overall survival

We first performed Kaplan—Meier survival analysis to
explore the prognostic value of TAM infiltration in CRC
tissues. The results showed that the low-level TAM infil-
tration group (P < 0.001) had a prolonged OS (Fig. 2A),
which was confirmed by the results of the univariate
Cox regression analysis (Fig. 2C). The results of survival
curves for each variable showed that only TAM infiltra-
tion and serum level of CA199 were available for Cox
regression analysis (Fig. 2A, B). Furthermore, Cox re-
gression analysis showed that TAM infiltration was an
independent prognostic predictor of OS (Fig. 2C, D),
and CRC patients with low-level TAM infiltration had a
lower risk of death than patients with high-level TAM

Table 1 Demographic and baseline characteristics in CRC patients with low and high TAM infiltration groups

Characteristics? CD163+ TAMs <115 (n = 105) CD163+ TAMs > 115 (n = 104) P value®

Age (years) 0.607
<60 42 (40.0%) 38 (36.5%)
> 60 63 (60.0%) 66 (63.5%)

Sex 0216
Male 62 (59.0%) 70 (67.3%)
Female 43 (41.0%) 34 (32.7%)

Location 0427
Rectum 75 (71.4%) 69 (66.3%)
Colon 30 (28.6%) 35 (33.7%)

TNM stage 0.599
I 71 (67.6%) 68 (65.4%)
Il 27 (25.7%) 25 (24.0%)
Il 7 (6.7%) 11 (10.6%)

Differentiation 0.081
Poorly 0 (0.0%) 3 (2.9%)
Moderately 103 (98.1%) 101 (97.1%)
Well 2 (1.9%) 0 (0.0%)

Examined lymph nodes 0.020
<12 18 (17.1%) 7 (6.7%)
> 12 87 (82.9%) 97 (93.3%)

CEA 0.721
<5 79 (75.2%) 76 (73.1%)
25 26 (24.8%) 28 (26.9%)

CA199 0.300
<37 102 (97.1%) 98 (94.2%)
>37 3 (2.9%) 6 (5.8%)

TAMs, tumor-associated macrophages; TNM, tumor node metastasis; CEA, carcinoembryonic antigen; CA, carbohydrate antigen

“n (%)
bChi-square test
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infiltration (HR = 0.183, 95% CI 0.052-0.647, P = 0.008)
(Table 2).

Association between CD163+ TAM infiltration, clinical
characteristics, and disease-free survival

The results of Kaplan—Meier survival analysis revealed
prolonged DFS in the low-level TAM infiltration group
(P < 0.001) (Fig. 3A), which was confirmed by the results
of the univariate Cox regression analysis (Fig. 3D). The
survival curves for each variable showed that TAM infil-
tration and serum levels of CEA and of CA199 were
suitable for subsequent Cox regression analysis (Fig.
3A-C). TAM infiltration and serum CEA levels revealed
to be independent prognostic predictors of DFS (Fig.

3D-F), and CRC patients with a low-level TAM infiltra-
tion had a lower risk of recurrence than patients with
high-level TAM infiltration (HR = 0.191, 95% CI 0.078-
0.470, P < 0.001), low levels of serum CEA were also re-
lated to a slower risk of recurrence (HR = 0.403, 95% CI
0.195-0.830, P = 0.014) (Table 3).

Discussion

In this study, we evaluated the effects of CD163+ TAM
infiltration in CRC tissues on the prognosis of CRC pa-
tients. The results suggested that CRC patients with
high-level TAM infiltration in CRC tissues had worse
prognosis than patients with low-level TAM infiltration.
COX regression analysis further demonstrated that the

Table 2 Cox univariate and multivariate analysis for overall survival (OS) stratified for different TAM infiltration

Parameters Univariate Cox's regression Multivariate Cox’s regression

P value HR 95% ClI P value HR 95% Cl
TAMs (low vs. high) 0.008 0.183 0.052-0.647 0.008 0.183 0.052-0.647
CA199 (< 37 vs. 2 37) 0.068 0251 0.057-1.109 - - -

HR, hazard ratio; 95% Cl, 95% confidence interval; CA, carbohydrate antigen
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Fig. 3 Kaplan—-Meier analyses and Cox regression analysis of disease-free survival (DFS) stratified by different levels of TAM infiltration and serum
levels of CEA and CA199. A-C Kaplan—Meier analyses of DFS. D-F Cox regression analysis of DFS

infiltration of CD163+ TAMs in CRC tissues was an in-
dependent risk factor for the prognosis of CRC patients,
and high-level TAM infiltration in CRC tissues was asso-
ciated with poorer OS and DFS. In addition, serum
levels of CEA also associated with DFS in CRC patients.
The prognosis and metastasis of cancer are related to
many factors in the tumor microenvironment, including
immune cell infiltration [18], cytokine release [19], pro-
tein expression [20], and the interaction between differ-
ent factors [21, 22]. Experimental studies have shown
that high-density TAMs in tumor tissues are associated
with low survival rates of breast cancer [23], liver cancer
[24], and bladder cancer [25]. However, the relationship
between TAM infiltration and the prognosis of CRC

patients is still uncertain [26]. Our results revealed that
high-level CD163+ TAM infiltration is associated with
poor prognosis of CRC patients, which is consistent with
the results of Herrera et al. [27]. However, a meta-
analysis showed that CD163+ TAM infiltration is inde-
pendent of the 5-year OS in CRC patients [28], which is
inconsistent with the results of this study. This may be
related to the different population and having received
chemotherapy before surgery.

TAMs are distributed in different microanatomical lo-
cations of CRC tissues, such as the center of the tumor
and the invasive front of the tumor. TAMs at different
locations may include variations in different biological
and prognostic characteristics. Wei et al. proposed that

Table 3 Cox univariate and multivariate analysis for disease-free survival (DFS) stratified for different TAM infiltration

Parameters Univariate Cox’s regression Multivariate Cox’s regression

P value HR 95% ClI P value HR 95% Cl
TAMs (low vs. high) 0.000 0.191 0.078-0.470 < 0.001 0.192 0.078-0473
CEA (< 5vs. 2 5) 0.014 0403 0.195-0.830 0.030 0430 0.201-0.920
CA199 (< 37 vs. 2 37) 0.005 0218 0.076-0.625 0.063 0.351 0.116-1.058

HR, hazard ratio; 95% Cl, 95% confidence interval; TAMs, tumor-associated macrophages; CEA, carcinoembryonic antigen; CA, carbohydrate antigen
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an increase in CD163+ TAM infiltration at the invasive
front of the tumor is significantly related to the poor
prognosis of CRC patients and may play a role in pro-
moting the spread and invasion of CRC [10]. Algars
et al. showed that the interstitial infiltration of CD163+
TAMs in CRC tissues was associated with a significant
increase in survival rates and may exert an anti-tumor
role [29]. In contrast, Shabo et al. determined that the
density of macrophages in the tumor stroma was related
to poor survival [30]. Unfortunately, our study could not
distinguish between different areas of the CRC tissue,
which could have contributed to the impact and robust-
ness of our results. In addition, in our study, data rela-
tive to tumor size and tumor deposits were unavailable
and thus we could not perform a relevant analysis.

Furthermore, COX regression analysis showed that the
infiltration of CD163+ TAMs was an independent prog-
nostic factor for CRC patients and a risk factor for death
and recurrence. The surface antigen CD163 is used for
the identification of M2 macrophages, which are consid-
ered “bad” macrophages because they participate in Th2
immune response and can release anti-inflammatory cy-
tokines able to promote tumor development [14], al-
though there is evidence that CD163 is not a M2-
specific marker [31]. Therefore, whether the relationship
between highly infiltrating CD163+ TAMs and poor
prognosis of CRC is due to M2 cells is still uncertain,
and further research is needed to provide more definitive
evidence.

Conclusions

In summary, our study demonstrates that infiltration of
CD163+ TAMs is an independent prognostic factor in
patients with CRC. High levels of CD163+ TAM infiltra-
tion in CRC tissues is predictive of shorter OS and DFS,
which has guiding significance for the prognosis and
postoperative treatment of CRC patients undergoing re-
section surgery.
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