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Introduction

Colorectal cancer (CRC) is the third most diagnosed 
cancer and the second prevalent cause of cancer-
related mortality across the globe.1 Accurate assess-
ment of the prognosis is considered essential for the 
selection of most appropriate and timely treatment of 
patients with CRC. Although the tumor–node–metasta-
sis (TNM) staging system is currently one of the com-
monly used prognostic model by clinicians, it may not 
provide full prognostic information. Against this back-
drop, the identification of new biomarkers is required 
for more precise classification of CRC and to better 
guide the treatment. It is quite obvious that cancer 

progression and metastasis do not depend solely on 
the autonomous defects of cancer cells, but are also 
regulated by the tumor microenvironment (TME).2 The 
components within TME interact with each other, 
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Summary
Tumor-infiltrating immune/inflammatory cells, the important components of the tumor microenvironment (TME), 
remarkably affect the progression of human cancers. To understand the actual conditions within the TME of colorectal 
cancer (CRC), the interrelationship among tumor-infiltrating neutrophils, M2 macrophages, and regulatory T-cells 
(Tregs) was systematically analyzed. The infiltration conditions of CD66b+ neutrophils, CD163+ M2 macrophages, and 
FOXP3+ Tregs in tissue microarrays including 1021 cases of CRC were determined by immunohistochemical analysis. The 
prediction power of these immune cells for CRC prognosis was evaluated by subgroup analysis of the CRC cohort. 
Results revealed the existence pattern of infiltrating neutrophils, and Tregs/M2 macrophages fulfilled a “X-low implies 
Y-high” Boolean relationship, indicative of a mutually exclusive correlation between neutrophils and M2 macrophages, 
and between neutrophils and Tregs in the TME of CRC. What’s more, the tumor-infiltrating M2 macrophages 
and Tregs were associated with adverse prognostic factors, whereas neutrophils were corelated with favorable factors. 
The high infiltration of neutrophils predicted longer survival and better chemotherapeutic response. Nonetheless, high 
infiltration of M2 macrophages and Tregs predicted poor prognosis. The combination of these tumor-infiltrating immune 
cells can serve as an effective predictor for the survival of CRC and for the chemotherapeutic outcomes of stage II–III 
patients. (J Histochem Cytochem 69: 271–286, 2021)

Keywords
colorectal cancer, immune cell infiltration, macrophages, neutrophils, regulatory T-cells

https://us.sagepub.com/en-us/journals-permissions
https://journals.sagepub.com/home/jhc
mailto:weizhang2000cn@163.com
mailto:caofuao@me.com


272	 Xu et al.

recruit outside cells, and act on cancer cells via secre-
tion of cytokines and chemokines and thus establish 
the unique tumor behavior in different cancers.3 
Consistently, illustrating the conditions of TME compo-
nents may prove helpful for the evaluation of disease 
progression and provide potential biomarkers for CRC 
prognosis.

The immune/inflammatory cells are considered as 
the essential components of TME and have received 
tremendous attention as the determinants of cancer 
progression.2,4 Defining the roles of immune/inflamma-
tory cells in the TME of different cancers is important 
for the development and application of cancer therapy, 
especially immunotherapy.5 It is known that selective 
targeting of tumor-associated inflammatory cells 
improves antitumor immunity.6 Tumor-infiltrating 
immune/inflammatory cells are believed to be useful 
biomarkers for the evaluation of tumor prognosis and 
the selection of suitable treatment options. CRC has 
served as a paradigm for the connection between 
inflammation and cancer,7 and has shown great poten-
tial in the exploration of immune microenvironment.8 
Cells of the innate immune system, which include but 
are not limited to neutrophils and macrophages, can 
be easily detected in colorectal tumors at a very early 
stage. Furthermore, the cells of the adaptive immune 
system such as T-cells are subsequently recruited into 
tumors, where they exhibit either protumorigenic or 
antitumorigenic roles.9 Thus, immune/inflammatory 
cells in the TME are considered as prospective predic-
tors of CRC prognosis.10

Tumor-infiltrating neutrophils constitute a signifi-
cant fraction of the inflammatory cells in the TME. 
Nonetheless, the contribution of these cells in the 
inhibition or promotion of tumor development seems 
to differ depending on the tumor context.11,12 Studies 
in murine models of cancer have revealed the ability 
of neutrophils to polarize into two functional antago-
nistic populations via the suppression or activation 
of transforming growth factor-beta, referred to as 
antitumoral (N1) neutrophils and protumoral (N2) 
neutrophils.13,14 Recently, the existence of function-
ally distinct phenotypes of tumor-infiltrating neutrophils 
with interferon-γ (IFN-γ) and granulocyte macrophage 
colony-stimulating factor (GM-CSF) as the requisite 
factors for the development of antitumoral phenotype 
has been demonstrated in human cancer.11 In CRC, 
tumor-associated neutrophils (TANs) tend to be antitu-
moral as revealed by previous studies.7,15 It has been 
reported that the neutrophils play a key role in orches-
trating innate and adaptive immune responses in the 
TME.16 A recent study reported that infiltrating CD66b+ 
neutrophils prevalently colocalize with CD8+ T-cells 
in CRC tissues and that TANs stimulate CD8+ T-cells, 

ultimately causing tumor inhibition.13 Moreover, TANs 
also act on macrophages and regulatory T-cells (Tregs), 
but different subtypes of neutrophils seem to have dif-
ferent effects on macrophages and Tregs.

17–19 Tumor-
infiltrating macrophages have also been found in two 
phenotypically different populations: M1 and M2 mac-
rophages that perform tumor-suppressive and tumor-
supportive functions, respectively.20 Some studies 
have revealed that IFN-γ alone or together with micro-
bial lipopolysaccharide or cytokines such as tumor 
necrosis factor and GM-CSF induces polarization of 
human M1 macrophages and even remodels M2 
macrophages into M1.21,22 The M1 macrophages play 
a classic role in Th1 response and in mediating resis-
tance against tumor cells. The M2 macrophages, 
specifically marked by CD163,23,24 can produce 
some chemokines involved in Tregs, Th2, eosinophil, 
and basophil recruitment.21 And Tregs, characterized 
by their expression of the forkhead box transcription 
factor (FOXP3), are a barrier to antitumor immunity. 
It is now well substantiated that the high frequency 
of tumor-infiltrating FOXP3+ Tregs predicts poor clini-
cal prognosis in the majority of malignancies.22 
Notwithstanding, the role of FOXP3+ T-cells in CRC 
has been the object of conflicting reports.25–27 
Recently, a study showed that a small part of FOXP3+ 
T-cells expresses low level of FOXP3, which are non-
Tregs, and contributes to better prognosis.26 Taken 
together, many studies point toward tumor-infiltrating 
neutrophils, M2 macrophages, and Tregs as potential 
candidates for research. Moreover, they seem to be 
interconnected by some factors (e.g., IFN-γ). As such, 
it is also important to systematically analyze the inter-
actions among these cells to better understand the 
actual conditions within the TME. Unfortunately, very 
few studies have been carried out on CRC in this 
direction. Consistently, this study was designed to 
decipher the correlations among tumor-infiltrating 
neutrophils, macrophages, and Tregs and to evaluate 
their prognostic value in CRC. Herein, we examined 
the infiltrating status of neutrophils, Tregs, and macro-
phages by detecting immunohistochemical CD66b, 
FOXP3, and CD163 expression in 1021 CRC tissue 
microarray (TMA) specimens and systematically ana-
lyzed the correlations between their existence condi-
tions and survival outcomes of CRC. The outline for 
this study is shown in Fig.1.

Methods

Patients and Study Design

Pathologically proven formalin-fixed paraffin-embedded 
(FFPE) tissue specimens of 1021 CRC patients, who 
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received curative surgery in Changhai Hospital of 
Naval Medical University (Shanghai, China) between 
September 2009 and December 2012, were enrolled in 
this study. Patients who received neoadjuvant chemo-
radiotherapy were not included in this cohort due to the 
possible influence of radiotherapy on local immune 
response. According to the National Comprehensive 
Cancer Network clinical practice guideline, all stage 
III CRC patients and a part of stage II CRC patients 
who were diagnosed with adverse prognostic factors, 
such as T3/T4, intestinal obstruction, or nerve inva-
sion, received a standard postoperative chemotherapy 
(FOLFOX/CapeOX regimen). The follow-up examina-
tion of the patients was carried at our outpatient clinics 

or at outpatient clinics of local hospitals every 6–12 
months. At the follow-up examination, the serum levels 
of carcinoembryonic antigen (CEA) and carbohydrate 
antigen 19-9 (CA19-9) were measured. In addition, the 
chest computed tomography scans, abdominal ultra-
sonography, pelvic magnetic resonance imaging, and 
colonoscopy were performed for all patients. Telephone 
interview was conducted every 6–12 months to gain 
information about the condition of the patients. The 
median follow-up time was 58 months (interquartile 
range, 21–117 months). Written informed consent was 
obtained from the patients, and the study was approved 
by the Institutional Review Boards of Changhai 
Hospital of Second Military Medical University.

Immunohistochemistry

TMAs containing the FFPE tumor specimens were 
commercially constructed (Outdo Biotech; Shanghai, 
China). Primary antibodies against CD66b (clone: 
G10F5, no. 555723; dilution 1:400; BD Biosciences, 
San Jose, CA, USA), FOXP3 (clone: 236A/E7, ab20034, 
dilution 1:100; Abcam, Cambridge, UK), and CD163 
(clone: 10D6, MAB-0206, ready-to-use; MXB Bio
technologies, Fuzhou, China) were used, respectively, 
for antibody incubation as per the manufacturers’ 
guidelines. Deparaffinage, epitope retrieval (EDTA for 
CD66b, citrate for FOXP3 and CD163), and immunos-
taining were carried out on the TMA sections by follow-
ing the instructions of the pathological department.

Quantitative Evaluation of Immunostaining

Stained TMA slides were digitally scanned using 
Aperio AT2 (Leica Biosystems) at a resolution of 20× 
by bright-field microscopy. These images were then 
accessible using Spectrum (Leica Biosystems). Once 
slides were scanned, Aperio ImageScope (version 
11.2.0.780) was used to view the images for their anal-
ysis. Images were examined for quality and were 
amended, as necessary. Tumor regions were identified 
and annotated to appropriately represent the hetero-
geneity of staining for image analysis. The quantitative 
evaluation of immunostaining was done separately by 
two independent investigators who were blinded to the 
clinicopathological characteristics and outcome of 
patients. Only intratumoral-infiltrating immune cells 
and not the peritumoral ones were counted in our 
analysis. Five non-contiguous microscopic fields that 
represent the densest immune cells were randomly 
selected from each sample to ensure representative-
ness and homogeneity. Positive-stained cells in the 
five random fields were counted manually, and the 
average count of each sample was recorded. The field 

Figure 1.  Outline diagram of this study. Abbreviations: CRC, 
colorectal cancer; TMA, tissue microarray; TNM, tumor–node–
metastasis; IHC, immunohistochemistry.
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area was 0.046 mm2 (100× magnification) for CD163 
and 0.1836 mm2 (50× magnification) for CD66b and 
FOXP3. The average counts for each sample made by 
the two observers were then compared, and when the 
difference between their counts was <20% of the max-
imum value, the average of the two was used as the 
final count. However, if the difference exceeded 20%, 
disagreements were resolved by consensus.

Identification of Boolean Relationship

The Boolean implication (BooleanNet)28,29 was detected 
by evaluating whether the upper-right quadrant in 
the scatter plot of Fig. 2A is significantly sparsely pop-
ulated with sample points compared with the other 
quadrants. When the false-discovery rate (FDR) of a 

sparsity test was <0.005 in the upper-right quadrant of 
a “X vs Y” two-axis plot, the Boolean relationship was 
identified. StepMiner algorithm28 was chosen to define 
the thresholds of the cell counts, which were used to 
classify the samples as low or high infiltrated ones. 
Briefly, for each of the immune cells, we sorted the 
positive-stained cell counts of all 1021 samples from 
low to high and fitted the ordered data with a rising 
step function. Next, we used the StepMiner algorithm 
to search the step of largest rising jump and identified 
the point as the threshold.

Statistics

All analyses were performed using SPSS 19.0 for 
Windows (SPSS; Chicago, IL). Pearson’s correlation 

Figure 2.  Relationships of the three tumor-infiltrating immune cells and their immunohistochemical staining in CRC specimens. (A) The 
existence pattern of infiltrating CD66b+ neutrophils and FOXP3+ Tregs, and that of CD66b+ neutrophils and CD163+ M2 macrophages 
fulfilled the “X-low implies Y-high” Boolean relationship. (B) IHC staining of CD66b, FOXP3, and CD163 in the CRC samples from the 
same patient: patient 1 with CD66b-high, FOXP3-low, and CD163-low and patient 2 with CD66b-low, FOXP3-high, and CD163-high. 
Scale bars = 100 µm in length. Abbreviations: CRC, colorectal cancer; IHC, immunohistochemistry; FDR, false-discovery rate.
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methods were performed to identify correlations for 
quantitative variables with normal distributions. Chi-
square test, Fisher’s exact test, Student’s t-test, 
and Mann–Whitney U-test were used to determine 
the associations between clinicopathological variables 
and the infiltrating condition (high or low) of each 
sample. Kaplan–Meier analysis with log-rank test was 
performed to estimate disease-free survival (DFS) and 
overall survival (OS). Univariate and multivariate Cox 
regression analyses were used to identify independent 
prognostic factors. The results were considered statis-
tically significant at p<0.05.

Results

Relevance of Tumor-infiltrating Neutrophils, M2 
Macrophages, and Tregs in CRC Tissues

To gain insights on the infiltration of neutrophils, M2 
macrophages, and Tregs in CRC tissues, immunohisto-
chemical analysis was performed to detect the protein 
expression of classical markers of the immune cells, 
CD66b, CD163, and FOXP330–33 The counts of CD66b+ 
neutrophils, CD163+ macrophages, and FOXP3+ Tregs 
within tumor beds represented the infiltration condi-
tions of these immune cells.

In the scatter plots of Fig. 2A, it was found that the 
existence pattern of infiltrating CD66b+ neutrophils 
and FOXP3+ Tregs, and that of CD66b+ neutrophils and 
CD163+ M2 macrophages fulfilled the “X-low implies 
Y-high” Boolean relationship, suggesting their mutual 
exclusivity. FOXP3+ Tregs and CD163+ M2 macro-
phages always were found to be either less or absent 
in tumors with more CD66b+ neutrophil infiltration. 
However, CD66b+ neutrophils always presented less 
in tumors with more infiltration of either FOXP3+ Tregs 
or CD163+ M2 macrophages. This mutual exclusivity 
between neutrophils and Tregs/M2 macrophages, to 
some extent, reflects that TANs may play a role in the 
exclusion of M2 macrophages and Tregs in CRC.

The thresholds were identified as 60 for CD66b, 
20 for FOXP3, and 181 for CD163 by StepMiner 
algorithm. According to these thresholds, the popula-
tion of 1021 patients was stratified into CD66b-high 
(136/1021) and CD66b-low (885/1021) subgroups, 
FOXP3-high (178/1021) and FOXP3-low (843/1021) 
subgroups, and CD163-high (105/1021) and CD163-
low (916/1021) subgroups. Among the 1021 patients, 
only 3 showed CD66bhiFOXP3hi and 2 showed 
CD66bhiCD163hi, which were considered as dis-
crete values. The IHC staining of CD66b, FOXP3, 
and CD163 in the tumor samples from the same 
patient is shown in Fig. 2B.

Associations Between Tumor-infiltrating Immune 
Cells and Clinicopathological Characteristics of 
CRC Patients

The clinicopathological characteristics of the patients 
with different immune cell infiltration were analyzed as 
depicted in Table 1. It was found that more tumor-infil-
trating FOXP3+ Tregs were significantly associated with 
low differentiation grade (p<0.001), high TNM stage 
(p<0.05), high serum CEA (p<0.05), and high serum 
CA199 (p<0.05). In addition, more tumor-infiltrating 
CD163+ macrophages were significantly associated 
with low differentiation grade (p<0.001), high serum 
CEA (p<0.05), and high serum CA199 (p<0.05), 
whereas low infiltration of CD66b+ neutrophils was 
associated with high serum CEA (p<0.001) and high 
serum CA199 (p<0.05). Taken together, the results 
point toward a close correlation between the pres-
ence of these tumor-infiltrating immune cells and the 
prognosis of CRC patients.

Prognostic Impact of the Individual Tumor-
infiltrating Immune Cells

Next, the survival analysis was used to assess 
the impact of CD66b+ neutrophils, FOXP3+ Tregs, and 
CD163+ macrophages, individually, on CRC prognosis. 
Kaplan–Meier curves and log-rank tests revealed that 
higher numbers of tumor-infiltrating CD66b+ neutro-
phils were significantly (p<0.001) associated with both 
longer DFS and OS for CRC patients (Fig. 3A), 
whereas more marked infiltration of CD163+ M2 mac-
rophages or FOXP3+ Tregs into tumor tissues was sig-
nificantly (p<0.001) associated with both shorter DFS 
and OS (Fig. 3B and C).

Moreover, as each of the parameters of tumor-infil-
trating immune cells was subjected to multivariate Cox 
regression analysis, taking other significant factors 
(tumor grade, TNM stage, serum CEA, serum CA199) 
which had been screened by univariate analysis as 
covariates, all tumor-infiltrating immune cells were 
found to be independent predictors of DFS and OS for 
CRC patients. Fewer CD66b+ neutrophil infiltration was 
associated with high risks of recurrence and death, 
and more CD163+ M2 macrophage or FOXP3+ Tregs 
infiltration was associated with high rate of recurrence 
and death (Table 2).

Prognostic Impacts of the Combinations of 
Tumor-infiltrating Immune Cells

The combined existence patterns of the infiltrating 
immune cells demonstrated the emergence of several 
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subgroups: CD66bhiFOXP3lo (133/1021), CD66blo 
FOXP3lo (710/1021) and CD66bloFOXP3hi (175/1021) 
(Fig. 4A); CD66bhiCD163lo (134/1021), CD66bloCD163lo 
(782/1021) and CD66bloCD163hi (103/1021) (Fig. 4B); 
CD66bhiFOXP3loCD163lo (131/1021), CD66bloFOXP3lo 
CD163lo (645/1021), CD66bloFOXP3loCD163hi (65/1021), 
CD66bloFOXP3hiCD163lo (137/1021), and CD66blo 
FOXP3hiCD163hi (38/1021). To further clarify the role 
of tumor-infiltrating immune cells in CRC prognosis, 
Kaplan–Meier analysis and multivariate Cox regression 
analysis were carried out to evaluate the association of 
patient survival outcomes with various combinations 
of tumor-infiltrating cells.

When tumor-infiltrating CD66b+ neutrophils and 
FOXP3+ Tregs were combined as a two-marker classi-
fier, the 5-year DFS and OS rate was the lowest for 
patients with CD66bloFOXP3hi infiltration, higher for 
those with CD66bloFOXP3lo infiltration, and the high-
est for those with CD66bhiFOXP3lo infiltration (DFS: 
22.3% vs 84.4% vs 96.1%, p<0.01; OS: 38.1% vs 
91.2% vs 99.2%, p<0.01). Patients with more FOXP3+ 
Tregs infiltration and concurrently less CD66b+ neutro-
phil infiltration had shorter DFS and OS (Fig. 4C). 
Multivariate Cox regression analysis showed that this 

two-marker classifier was an independent predictor 
for DFS and OS and that CD66bloFOXP3hi infiltration 
was associated with the highest hazard ratio (HR) of 
38.848 (95% confidence interval [CI], 15.532–97.164; 
p<0.001) for recurrence and 108.311 (95% CI, 15.532–
97.164; P < 0.001) for death, together with other sig-
nificant covariates (Table 3).

Similar observations were also made in the combina-
tion of infiltrating CD66b+and CD163+ cells. Patients 
with CD66bloCD163hi had the shortest DFS and OS 
among all three subgroups, whereas patients with 
CD66bhiCD163lo had the longest DFS and OS (Fig. 4D). 
The 5-year DFS and OS rate was 59.1% vs 77.1% vs 
95.4% (p<0.01) and 48.2% vs 87.3% vs 93.5% (p<0.01), 
respectively, among CD66bloCD163hi, CD66bloCD163lo, 
and CD66bhiCD163lo subgroups. When the CD66bhi 
CD163lo subgroup was used as a reference, the com-
bination of infiltrating CD66b+ neutrophils and CD163+ 
macrophages could independently predict the prognosis 
of CRC with gradually increased HR values (Table 3).

Combining the infiltration of three immune cells 
together as a three-marker classifier, the survival out-
comes among CRC patients could be further discrimi-
nated. The most favorable DFS and OS were shown in 

Figure 3.  Kaplan–Meier survival curves showing comparison of DFS and OS between high and low infiltration of immune/inflamma-
tory cells. (A) Comparisons of DFS and OS between high and low infiltration of neutrophils (CD66b+); (B) comparisons of DFS and OS 
between high and low infiltration of Tregs (FOXP3+); (C) comparisons of DFS and OS comparison between high and low infiltration of 
M2 macrophages (CD163+). Abbreviations: DFS, disease-free survival; OS, overall survival.
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patients with CD66bhiFOXP3loCD163lo immune cell infil-
tration, followed by CD66bloFOXP3loCD163lo, CD66blo 
FOXP3loCD163hi, and CD66bloFOXP3hiCD163lo in 
sequence, and patients with CD66bloFOXP3hiCD163hi 
infiltration showed the poorest DFS and OS (Fig. 4E). 
Multivariate Cox regression analysis also revealed this 
three-marker classifier as an independent predictor of 
DFS and OS and that the risks of recurrence and 

death gradually increased when the CD66bhiCD163lo 
FOXP3lo subgroup was used as a reference, followed 
by CD66bloCD163loFOXP3lo (HR = 4.243 for DFS, HR 
= 9.516 for OS), CD66bloCD163loFOXP3hi (HR = 12.156 
for DFS, HR =22.805 for OS), CD66bloCD163hiFOXP3lo 
(HR = 38.257 for DFS, HR = 91.951 for OS), and 
CD66bloCD163hiFOXP3hi (HR = 50.604 for DFS, HR = 
190.152 for OS), all ps<0.05 (Table 4). These results 

Figure 4.  Classification of different subgroups based on the combinations of immune/inflammatory cell infiltration and the survival 
curves of these subgroups showing comparison of DFS and OS. (A) Subgroups classified by the combination of infiltrating CD66b+ neu-
trophils and FOXP3+ Tregs; (B) subgroups classified by the combination of infiltrating CD66b+ neutrophils and CD163+ M2 macrophages; 
(C) comparison of DFS and OS among different subgroups classified by the combination of infiltrating CD66b+ neutrophils and FOXP3+ 
Tregs; (D) comparison of DFS and OS among different subgroups classified by the combination of infiltrating CD66b+ neutrophils and 
CD163+ M2 macrophages; (E) DFS and OS comparison among subgroups classified by the three-marker classifier. Abbreviations: DFS, 
disease-free survival; OS, overall survival.
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above indicate that the survival outcomes of CRC 
patients could be more effectively and specifically pre-
dicted according to the infiltration pattern of the three 
immune cells.

Immune Cell Infiltration and the Prognosis 
of CRC Patients Who Received Adjuvant 
Chemotherapy

Next, the association between immune cell infiltration 
status and DFS was examined among patients 
who either received or did not receive the adjuvant 

chemotherapy. In our cohort, almost all patients with 
stage III CRC (342/360) received postoperative che-
motherapy. Stage III CRC patients with high infiltration 
of CD66b+ neutrophils or low infiltration of FOXP3+ 
Tregs/CD163+ M2 obtained better outcomes after receiv-
ing adjuvant chemotherapy (Fig. 5A). Furthermore, 
combining the infiltration status of CD66b+ neutrophils 
with that of FOXP3+ Tregs or CD163+ M2 could further 
discriminate the prognosis after adjuvant chemotherapy 
(Fig. 5B). The survival curves showed that the immune 
cell infiltration discriminatorily predicted the prognosis 
of stage III CRC patients who received adjuvant 

Table 4.  Multivariate Cox Regression Analysis of Three-marker Infiltrating Immune Cells and Clinicopathological Covariates.

Character

Disease-free Survival Overall Survival

HR (95% CI) P Value HR (95% CI) P Value

CD66b(A), FOXP3(B), and CD163(C)
  AhiBloClo 1 1  
  AloBloClo 4.243 (1.718–10.478) <0.05 9.516 (1.305–69.41) <0.05
  AloBloChi 12.156 (4.261–34.678) <0.001 22.805 (2.335–222.679) <0.05
  AloBhiClo 38.257 (15.194–96.327) <0.001 91.951 (12.377–683.107) <0.001
  AloBhiChi 50.604 (18.634–137.426) <0.001 190.152 (24.364–1484.058) <0.001
TNM (per increase in stage) 1.876 (1.493–2.357) <0.001 1.078 (0.759–1.529) 0.676
Grade (poor vs moderate vs well) 0.33 (0.23–0.473) <0.001 0.305 (0.17–0.55) <0.001
CEA (<5 ng/ml vs ≥5 ng/ml) 0.761 (0.569–1.017) 0.065 0.558 (0.352–0.884) <0.05
CA199 (<37 U/ml vs ≥37 U/ml) 0.781 (0.551–1.108) 0.166 0.986 (0.549–1.774) 0.964

Abbreviations: HR, hazard ratio; CI, confidence interval; TNM, tumor-node-metastasis; CEA, carcinoembryonic antigen; CA199, carbohydrate 
antigen 199.

Table 3.  Multivariate Cox Regression Analysis of Two-marker Infiltrating Immune Cells and Clinicopathological Covariates.

Character

Disease-free Survival Overall Survival

HR (95% CI) P Value HR (95% CI) P Value

CD66b(A) and FOXP3(B)
  AhiBlo 1 1  
  AloBlo 4.601 (1.869–11.329) <0.001 10.038 (1.379–73.089) <0.05
  AloBhi 38.848 (15.532–97.164) <0.001 108.311 (14.726–796.638) <0.001
TNM (per increase in stage) 1.825 (1.457–2.287) <0.001 1.087 (0.769–1.536) 0.637
Grade (poor vs moderate vs well) 0.325 (0.225–0.47) <0.001 0.324 (0.18–0.584) <0.001
CEA (<5 ng/ml vs ≥5 ng/ml) 0.731 (0.549–0.975) <0.05 0.58 (0.367–0.915) <0.05
CA199 (<37 U/ml vs ≥37 U/ml) 0.783 (0.553–1.108) 0.167 0.955 (0.53–1.72) 0.877
CD66b(A) and CD163(B)
  AhiBlo 1 1  
  AloBlo 5.613 (2.478–12.713) <0.001 7.665 (1.874–31.358) <0.05
  AloBhi 14.68 (6.076–35.468) <0.001 34.614 (7.768–154.238) <0.001
TNM (per increase in stage) 1.976 (1.576–2.478) <0.001 1.356 (0.971–1.895) 0.074
Grade (poor vs moderate vs well) 0.277 (0.195–0.395) <0.001 0.232 (0.132–0.41) <0.001
CEA (<5 ng/ml vs ≥5 ng/ml) 0.809 (0.603–1.085) 0.157 0.675 (0.429–1.063) 0.09
CA199(<37 U/ml vs ≥37 U/ml) 0.715 (0.504–1.013) 0.059 0.96 (0.535–1.725) 0.893

Abbreviations: HR, hazard ratio; CI, confidence interval; TNM, tumor–node–metastasis; CEA, carcinoembryonic antigen; CA199, carbohydrate 
antigen 199.
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Figure 5. (continued)
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chemotherapy. And as expected, the patients gained 
the optimum survival outcomes when the favorable 
infiltration status of the three immune cells was com-
bined. The results reveal that the infiltration status of 
the three immune cells could be a predictor for che-
mosensitivity of CRC.

Among the 506 patients with stage II CRC, 414 
patients were diagnosed with adverse prognostic fac-
tors and received postoperative chemotherapy, and 
rest of the 92 did not. Treatment with adjuvant chemo-
therapy was not associated with a higher 5-year DFS 
rate for stage II CRC in our cohort (Fig. 5C). Considering 
the clinicopathological differences between patients 
who received chemotherapy and those who did not, 
the stage II CRC patients were divided into chemo-
group and non-chemo-group, and subsequently the 
contribution of immune cell infiltration to stage II CRC 
survival and chemotherapy outcomes was evaluated. 
Survival analyses showed that high infiltration of 
CD66b+ neutrophils was associated with significantly 
better DFS in stage II CRC patients treated with adju-
vant chemotherapy. However, the association was not 
significant for those who were not treated. The high 
density of FOXP3+ Tregs infiltration indicated poor DFS 
for patients either treated or not treated with adjuvant 
chemotherapy. However, the infiltrating status of 
CD163+ M2 failed to predict survival outcomes of stage 
II CRC patients with or without adjuvant chemotherapy 
(Fig. 5D). Taken together, combining CD66b+ neutro-
phils and FOXP3+ Tregs as a two-marker classifier could 
clearly distinguish the DFS of stage II CRC patients 
with adjuvant chemotherapy (Fig. 5E). This indicates 
that the infiltrating condition of CD66b+ neutrophils 
combined with FOXP3+ Tregs may predict the che-
motherapeutic response of stage II CRC patients, 
which could be used as an assessment factor for the 
selection of postoperative treatment of stage II CRC 
patients.

Discussion

Immunophenotyping (type, density, and location of 
immune cells) of the tumor samples has been found to 
have superior value for the prognosis of CRC. Some 
researchers even consider it as a better predictor than 

the traditional staging method.8,34 This study started 
with the analysis of prognostic roles of tumor-infiltrat-
ing neutrophils, M2 macrophages, and Tregs in a large 
cohort of human CRC. The correlations between these 
cells in CRC tissues and their combined prognostic 
value were examined by immunohistochemistry.

The findings of this study showed that the infiltration 
of M2 macrophages and Tregs was associated with 
adverse prognostic factors, such as poor differentia-
tion, high TNM stage, and high levels of tumor mark-
ers. In contrary, the infiltration with neutrophils was 
related to favorable factors (Table 1). As expected, the 
results of survival analysis suggested the unfavorable 
prognostic roles of tumor-infiltrating M2 macrophages 
and Tregs, and the favorable prognostic role of tumor-
infiltrating neutrophils (Fig. 3), with all of them as inde-
pendent predictors of DFS and OS for CRC (Table 2). 
Although the neutrophil infiltration has been associ-
ated with poor prognosis in diverse human tumors,35–38 
our results demonstrate that tumor-infiltrating neutro-
phils in CRC present the antitumoral phenotype, which 
is consistent with several recent studies on CRC.7,15 
The M2 macrophages known to promote tumor growth 
and angiogenesis, and suppress adaptive immunity, 
are associated with poor prognosis in numerous can-
cers including CRC.30,39–43 Such results were further 
validated in our cohort. Tumor-infiltrating FOXP3+ 
T-cells have functionally distinct subpopulations which 
contribute in opposing ways to determine the progno-
sis, but no better marker has been identified to define 
them.25,26,44 As cells with high levels of FOXP3 are 
considered as Tregs and CRCs are commonly infil-
trated by these FOXP3hi Tregs,

26 FOXP3 was used as 
the biomarker of Tregs and only strongly stained cells 
were counted in IHC analysis. Our results showed that 
infiltrating Tregs predict poor prognosis in CRC as they 
do in other cancers.

It is well established that immune cells interact and 
communicate with each other closely.18,45 In CRC, 
there is a positive correlation between the infiltration 
of CD66b+ neutrophils and CD8+ T-cells. The CD66b+ 
neutrophils enhance the responsiveness of CD8+ 
T-cells to T-cell receptor triggering.15 In this study, the 
existence of a mutually exclusive correlation between 
tumor-infiltrating neutrophils and M2 macrophages 

Figure 5. (continued)  Kaplan–Meier survival curves of stage II and stage III CRC patients with or without chemotherapy. (A) Kaplan–
Meier survival curves for comparison of DFS between high and low infiltration of individual immune/inflammatory cells among stage III 
CRC patients with chemotherapy. (B) Kaplan–Meier survival curves of stage III CRC patients with chemotherapy showing the compari-
son of DFS among the subgroups classified by different combinations. (C) Kaplan–Meier survival curves showing the comparison of DFS 
between stage II patients with and without chemotherapy. (D) Kaplan–Meier survival curves showing the comparison of DFS between 
high and low infiltration of individual immune/inflammatory cells among stage II CRC patients with or without chemotherapy. (E) Kaplan–
Meier survival curves showing the comparison of DFS among different subgroups classified by the combination of CD66b+ neutrophils 
and FOXP3+ Tregs among stage II CRC patients with chemotherapy. Abbreviations: CRC, colorectal cancer; DFS, disease-free survival.
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and between neutrophils and Tregs was reported. The 
M2 macrophages and Tregs always showed less in 
tumors with more neutrophil infiltration, and neutro-
phils always showed less in tumors with more infiltra-
tion of either M2 macrophages or Tregs. This study for 
the first time revealed the spatial correlations of neu-
trophils, M2 macrophages, and Tregs in more than 
1000 cases of human CRC tumors, which is indicative 
of a repulsive interaction between these immune cells. 
In some human cancers, the protumoral TANs can 
recruit M2 macrophages and Tregs.

17 However, if anti-
tumoral neutrophils have the contrary action of exclud-
ing M2 macrophages, Tregs remain largely unknown. 
The findings of this study provide important insights 
and prospectus for future research. These immune 
cells should be considered as a whole presenting the 
immunophenotyping of CRC, due to the close rela-
tionships and potential interactions between them. 
However, most of the previous studies focused on only 
one of them, and the results could be biased. This 
study clarified that the combination of tumor-infiltrating 
neutrophils, M2 macrophages, and Tregs is a better pre-
dictor for patient survival, compared with any single 
immune cell infiltration condition. And the infiltration of 
these immune cells also relates to the effects of che-
motherapy. These results of the significant roles of 
immune cells in CRC are in agreement with previous 
studies.10

In the transition from benign lesion to malignant 
invasive cancer, the TME is flooded with chemokines, 
cytokines, and growth factors.21 Under this context, 
immune cells and inflammatory cells are regulated by 
the TME of recruitment, viability, polarization, and dis-
tribution,44,45 and they also interact with each other 
through paracrine pathway. It has been known that 
IFN-γ induces the antitumoral phenotype in human 
neutrophils. Such neutrophils are capable of cross-
presenting antigens and triggering and augmenting 
T-cell responses.11,14 Furthermore, immunosuppressive 
M2 macrophages could be “re-programmed” by some 
immunological stimuli, such as IFN-γ or interferon-α, 
into immunostimulatory M1 macrophages.21,22,46 A 
recent study has reported that IFN-γ could drive Treg 
fragility to promote antitumor immunity.47 It seems that 
IFN-γ plays a dominant role in shaping immune envi-
ronment. Moreover, IFN-γ-dominant immune profiles 
signified an improved prognosis.48 It has been reported 
that genetic variations in IFN-γ and its receptor are 
closely associated with the risk of CRC and survival 
after diagnosis49 and that the deficiency of IFN-γ or its 
receptor promotes the development of CRC. Above 
reports just explain the interrelationship among the 
three immune cells that we observed and exhibit con-
sistency with our results.

With a certain threshold level of IFN-γ in the tumor 
environment, tumor-infiltrating neutrophils tend to be 
induced into an antitumoral phenotype, macrophages 
are reprogrammed from immunosuppressive M2 into 
immunostimulatory M1, and resident Tregs are func-
tionally fragile. In this condition, Treg recruitment is 
restricted, and antitumor immunity is promoted. 
However, we failed to find a clear correlation between 
the mRNA expression of IFN-γ and the expression of 
immune cell markers in TCGA data sets. Insufficient 
sample size and the deviation between mRNA expres-
sion and protein expression could be the reasons. As 
TME is multifactorial, dynamic, and tumor-specific, 
IFN-γ may be just one of the candidates. More research 
endeavors are required to elucidate the function of 
IFN-γ on these immune cells in the TME of CRC. If 
possible, in vivo experiments using neutrophil-recruit-
ing chemokine-overexpressing mouse cell lines could 
be performed to study on the mechanism. More poten-
tial factors need to be unveiled, and inducing those 
factors into tumors could become novel treatment 
options for CRC through optimizing TME and regulat-
ing antitumor immunity.

In conclusion, the combination of tumor-infiltrating 
neutrophils, M2 macrophages, and Tregs can serve as 
an effective predictor for the survival of CRC and for 
the chemotherapeutic outcomes of stage II–III patients. 
There exists a mutually exclusive correlation between 
tumor-infiltrating neutrophils and M2 macrophages, 
and between tumor-infiltrating neutrophils and Tregs. 
Additional studies are required to validate the interac-
tion among tumor-infiltrating neutrophils, M2 macro-
phages, and Tregs.
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