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Infiltration of CD204-overexpressing Macrophages Contributes
to the Progression of Stage II and III Colorectal Cancer
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Abstract. Background/Aim: M1 macrophages have
antitumour effects, while M2 macrophages promote
tumour proliferation and invasion. The clinical
significance of the M2-specific marker CD204 has not
been elucidated in colorectal cancer (CRC). We
investigated the prognostic significance of CD204- and
CDG68-positivity in specimens from patients with CRC and
examined the effects of M2 polarized-macrophages on the
proliferative and invasive potentials of CRC cell lines in
vitro. Materials and Methods: Surgical tumour specimens
from 206 patients with Stage Il and III CRC were
examined by immunohistochemistry. Proliferation and
invasion assays and flow cytometry were used to
investigate CD204 expression in macrophages co-cultured
with three CRC cell lines. Results: Infiltration of CD204-
positive cells was significantly associated with shorter
overall survival and relapse-free survival; no association
was observed for CD68. M2-polarized macrophages
significantly promoted proliferation and invasion of CRC
cells. Conclusion: Higher infiltration of CD204-positive
macrophages into the tumour-microenvironment might be
prognostically important in CRC.

Colorectal cancer (CRC) is the third most common
malignancy in the world, with an increasing burden (1). The
prognosis of CRC has been improved by developments in
operative techniques and discoveries of effective antitumour
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drugs; however, it is still unsatisfactory. Recent research on
the tumour microenvironment (TME) has increased our
understanding of tumour immunity and led to the discovery
of new therapeutic targets (2). The TME consists of
lymphocytes, fibroblasts, endothelial cells and macrophages;
of these, it has become clear that macrophages play
important roles in tumour development. The tumour-
associated macrophages (TAMs) (3) specifically can be
classified into two phenotypes: classically activated M1
macrophages and alternatively activated M2 macrophages.
M1 macrophages have functions that include killing tumour
cells, promoting inflammation and inhibiting tumour growth,
whereas M2 macrophages function in remodelling tissues,
suppressing adaptive immunity, and promoting angiogenesis
and tumour growth (4, 5).

High numbers of M2 macrophages have been correlated
with poor prognosis of multiple cancer types (6-13). A
variety of macrophage surface markers have been applied in
different evaluations; for example, CD163, CD206 and
CD204 are commonly used to identify M2 macrophages.
Reports have shown correlations between high expression of
CD163 or CD206 with poor prognosis of CRC (14, 15);
however, none have found a similar correlation for CD204.
By contrast, high expression of CD68, a pan-macrophage
marker, has been correlated with good prognosis of CRC
(16, 17). Research on the role of CD68 expression in both
M1 and M2 macrophages, which have antagonistic functions,
has yielded inconclusive results.

In the present study, we investigated associations between
the expression of the macrophage markers CD204 and CD68
and prognosis using immunohistochemistry (IHC) of
curatively resected CRC specimens. We then further assessed
whether polarized M2 macrophages contributed to cell
growth and invasive activities of CRC cells using an in vitro
co-culture system.
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Figure 1. Immunohistochemistry of CD68 and CD204 in colorectal cancer. Representative specimens of the 206 subjects, which were classified into
low- and high-expression groups, are shown. Red dotted lines indicate the tumour invasive front. 400x magnification.

Materials and Methods

Patients and tumour specimens. Specimens were obtained from 239
consecutive patients who underwent curative resection of CRC at
the Tottori University Hospital between January 2007 and December
2012. After excluding 10 patients who had undergone emergency
surgery, 6 who were lost to follow-up and 17 who were classified
as Stage I or IV according to the 8t Edition of the Union for
International Cancer Control-TNM classification, 206 CRC patients
were finally enrolled. Patients were followed every 3 months until
death or December 2017 (5 years after the last operation). Overall
survival (OS) and relapse-free survival (RFS) were defined as the
time from the date of surgery to the date of death and the date of
relapse, respectively. We obtained informed consent from all
patients and the study was approved by the institutional review
board of Tottori University (19A052).

IHC staining. Sections (4-pm thickness) were examined using THC.
The sections were deparaffinized, and antigens retrieved by microwave
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oven heating in citrate buffer (pH 6.0) for 15 min. Endogenous
peroxidase activity was blocked by immersing the slides in 3%
hydrogen peroxide in methanol for 30 min and 10% Block-Ace (DS
Pharma Biomedical, Osaka, Japan) for 30 min, followed by incubation
with primary antibodies against CD204 (1:500; SRA-ES; TransGenic,
Kumamoto, Japan) or CD68 (1:100; PG-M1; DAKO, Tokyo, Japan)
overnight at 4°C. The incubated sections were subsequently exposed
to the second antibody, EnVision™ +Dual Link System-HRP (DAKO),
visualized with InmPACT DAB (Vector Laboratories, Burlingame,
CA, USA), and then counterstained with haematoxylin. Two
independent investigators, who were given no information about the
patients, evaluated the expression grades of CD204 and CD68 at the
invasive tumour front. The levels of expression were initially classified
as very low, low, high and very high, and ultimately divided into two
groups: lower (very low and low expression) and higher (high and
very high expression) (Figure 1).

Cell lines. The human CRC cell lines DLD-1 and SW620 were
purchased from the American Type Culture Collection (Rockville,
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MD, USA) and LoVo was purchased from Riken BNL Research
Center (Tsukuba, Japan). All cells were cultured in RPMI 1640
(Invitrogen, Carlsbad, CA, USA) supplemented with 10% fetal bovine
serum (FBS) (Cosmo Bio Co., Ltd, Tokyo, Japan), 100 U/ml penicillin
and 100 U/ml streptomycin (PS) (FUJIFILM Wako Pure Chemical
Co., Japan), at 37°C in a humidified atmosphere with 5% CO,.

M?2 macrophage culture. Human monocytes were isolated from
whole blood of healthy volunteers using the EasySep Direct Human
Monocyte Isolation Kit (STEMCELL Technologies Inc., Vancouver,
BC, Canada). Macrophages were obtained using ImmunoCult-SF
Macrophage medium (STEMCELL Technologies Inc), according to
the manufacturer’s instructions. Briefly, on day O, isolated
monocytes were plated at 4x105 cells/ml in ImmunoCult-SF
Macrophage medium supplemented with 50 ng/ml macrophage
colony stimulating factor. On day 4, half of the original medium
volume was added. On day 6, 10 ng/ml interleukin-4 was added
only to cultures used to obtain activated macrophages, which were
harvested after 2 additional days of culture. All cultures were grown
in an incubator at 37°C in a humidified atmosphere with 5% CO,.
All other chemicals were purchased from STEMCELL, unless
otherwise specified.

Invasion assay. Cell invasion was assessed using a 96-well invasion
assay (Cell Biolabs, Inc., San Diego, CA, USA). Medium only
(RPMI containing 10% FBS and 1% PS), inactivated macrophages
(1.0x10% cells/well) or activated macrophages (2.0x10% cells/well)
were added to the feeder tray, followed by seeding with DLD-1,
SW620, or LoVo cells suspended in serum-free medium into the
membrane chamber. After a 24-h incubation, the invasive cells were
dissociated from the underside of the membrane using a cell
detachment buffer, and the dye+lysis buffer solution (Cell Biolabs)
was added. The fluorescence intensity was measured with an
Infinite F500 plate reader (TECAN, Kawasaki, Japan) at 485
nm/535 nm, and the cell invasive potential was assessed.

Proliferation assay. Cell proliferation assay was carried out using
insert-integrated 96-well plates (Corning, NY, USA) and assessed
using the Cell Counting Kit-8 (CCK-8; DOJINDO, Kumamoto,
Japan). DLD-1, SW620 and LoVo cells were each seeded at 1.0x104
cells/well into the feeder tray, followed by the addition of medium
only (RPMI with 10% FBS and 1% PS), or a suspension of
inactivated macrophages or activated macrophages seeded at
2.0x10% cells/well, into the membrane chamber. After 3 days of
incubation, the CCK-8 diluted to 10% in RPMI was added to all
feeder wells and incubated for 1 h. Absorbance was measured using
an Infinite F50 microplate reader (TECAN) at 450 nm/620 nm, and
the cell proliferative capacity was assessed.

Flow cytometry. Staining was carried out in the presence of Fc-
receptor blocking solution (Biolegend, San Diego, CA, USA). We
used the following antibodies and isotype controls: APC anti-human
CD14 antibody (M5E2) (Biolegend), V500 mouse anti-human CD45
antibody (HI30) (BD PharMingen, San Jose, CA, USA), PE mouse
anti-human MSR1 (CD204) (U23-56) (BD PharMingen), APC mouse
1gG2a, k isotype control antibody (MOPC-173) (Biolegend), V500
mouse IgG1, x isotype control antibody (X40) (BD PharMingen), and
PE mouse IgG2a, x isotype control antibody (MOPC-21) (BD
PharMingen). Cells (5.0x105) were suspended in 500 pl phosphate-
buffered saline containing DAPI (DOJINDO). The expression of

CD204 was examined to confirm that monocytes were differentiated
into M2 macrophages. Flow cytometry was performed by a BD
LSRFortessa— X-20 (BD Bioscience, San Jose, CA, USA) and data
were analysed using FlowJo (Tree Star, Oregon City, OR, USA).

Statistical methods. All statistical analyses were carried out by EZR
version 3.6.0 [Saitama Medical Center, Jichi Medical University,
Saitama, Japan; (18)] and Excel 2021 (Microsoft) software. Two-
sided p-values <0.05 were considered statistically significant.
Student’s t-tests, or x? or Fisher’s exact tests, were used for the
comparison of means. The Kaplan-Meier method was used to
evaluate OS and RFS, and the differences were determined using
the Cox proportional hazards model. Significant variables in the
univariate analysis (p<0.1) were also analysed using the multivariate
statistical method.

Results

Expression of CD204 and CD68 and clinicopathological
variables. Of the 206 patients, 95 (46.1%) showed high
expression of CD204 and 109 (52.9%) showed high
expression of CD68. Table I shows associations between the
expression of these markers and the following
clinicopathological characteristics at presentation: age, sex,
tumour location and size, depth of invasion, lymph node
metastasis, lymph vessel invasion, vascular invasion,
chemoradiation, carcinoembryonic antigen (CEA) and
carbohydrate antigen (CA19-9) levels. Clinically, CD204
positivity was significantly associated with tumour location
(p<0.0225) and tumour size (p<0.0331), whereas CD68
positivity was significantly associated with tumour size
(p<0.0228) and lymph node metastases (p<0.008).

Expression of CD204 and CD68 and survival. Next, we
investigated the correlations between CD204 and CD68
expression and patient prognosis. At the end of follow-up, 74
patients had relapsed and 71 were dead. Kaplan-Meier
analysis showed that the patients with high CD204 expression
had significantly shorter rates of OS (log lank p=0.00648)
and RFS (p=0.00673) compared with those with low CD204
expression (Figure 2A and C). The difference in OS did not
appear until the third year following surgery, while the
difference in RFS apparent from the beginning. There were
no significant relationships between CD68 expression and OS
(p=0.843) or RFS (p=0.297) (Figure 2B and D).

To evaluate the prognostic significance of CD204 in CRC,
univariate and multivariate analysis were performed using a
Cox proportional hazard model (Table II). Univariate analysis
revealed that CEA [hazard ratio (HR)=1.933, 95% confidence
interval (CI)=1.160-3.222, p=0.011] and CD204 (HR=2.291,
95%Cl=1.374-3.820, p=0.001) were prognostic factors for OS,
and that lymph vessel invasion (HR=3.19, 95%CI=1.231-
8.266, p=0.017), CEA (HR=1.546, 95%CI=0.930-2.569,
p=0.093) and CD204 (HR=2.347, 95%CI=1.431-3.848,
p=0.001) were prognostic factors for RFS. Finally,
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Table 1. Associations of CD68 and CD204 expression with clinicopathological variables in 206 patients with stage 1I and 111 CRC.

Clinicopathological Total CD68 p-Value CD204 p-Value
features
N Low High Low High

All cases 206 97 109 111 95

Age (years) 0.762 0.45
<65 62 28 34 36 26
>65 144 69 75 75 69

Gender 0.675 0.162
Male 96 47 49 57 39
Female 110 50 60 54 56

Tumour location 0.292 0.0225
Colon 143 71 72 85 58
Rectum 63 26 37 26 37

Tumour size (cm) 0.0228 0.0331
<4 84 48 36 53 31
=4 122 49 73 58 64

Depth of invasion 0.624 1.000
Tl 4 1 3 2 2
T2-4 202 96 106 109 93

Lymph node metastases 0.008 0.262
Absent 112 43 69 56 56
Present 94 54 40 55 39

Lymph vessel invasion 1.000 0.735
Not severe 197 93 104 107 90
Severe 9 4 5 4 5

Vascular invasion 0.223 0.352
Not severe 195 94 101 107 88
Severe 11 3 8 4 7

Chemoradiation 0.709 0.706
Absent 197 93 104 108 91
Present 9 4 5 3 4

CEA (ng/ml) 0.105 0.767
<5 138 63 75 73 65
=5 68 34 34 38 30

CA19-9 (U/ml) 0.656 0.45
<37 178 88 90 98 80
=37 28 9 19 13 15

CEA: Carcinoembryonic antigen; CA19-9: Carbohydrate antigen 19-9.

multivariate analysis revealed that CEA (HR=1.997,
95%CI=1.250-3.190, p=0.004) and CD204 (HR=2.090,
95%Cl=1.296-3.368, p=0.002) were prognostic factors for OS,
and that lymph vessel invasion (HR=3.429, 95%CI=1.473-
7.980, p=0.004), CEA (HR=1.678, 95%CI=1.050-2.682,
p=0.031) and CD204 (HR=1.997, 95%CI=1.251-3.187,
p=0.004) were prognostic factors for RFS.

Influence of M2 macrophages on CRC cell proliferation and
invasion. To investigate how M2 macrophages contribute to
worsening the prognosis of CRC patients, we co-cultured
SW620, DLD-1 or LoVo cells with activated macrophages,
inactivated macrophages, or medium only. Co-culturing with
activated macrophages promoted both the proliferative and
invasive abilities of all three CRC cell lines that were
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significantly greater than those of cells cocultured with
inactivated macrophages or medium only (Figure 3). Flow
cytometry showed that the expression of CD204 tended to
be increased in activated macrophages compared with
inactivated macrophages (Figure 4). These results suggested
that the presence of M2 macrophages in the TME enhanced
the proliferative and invasive abilities of CRC cells.

Discussion

In this study, we investigated whether high expression of
CD204, a marker of M2 macrophages, and CD68, a pan-
macrophage marker, were correlated with the prognosis of
Stage II and III CRC and confirmed the effects of macrophages
on CRC cell lines with in vitro assays. IHC of pathological
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Figure 2. Kaplan-Meier curves of overall survival (OS) and recurrence free survival (RFS) in patients with colorectal cancer (CRC). Higher
expression of CD204 was significantly associated with shorter OS (A) and RFS (C). The expression levels of CD68 were not associated with OS

(B) or RFS (D).

specimens demonstrated that the rates of OS and RFS in CRC
patients with high CD204 tumour expression were significantly
shorter than those with low CD204 expression.

Kaplan-Meier curves for CD204 expression showed no
effect on OS until the third year following surgery, but there
was a significant difference in RFS from the beginning (Figure
2A and C). Though previous studies did not show this tendency
(14, 15), the 2020 guidelines from the Japanese Society for
Cancer of the Colon and Rectum revealed that 85% of
postoperative recurrences occurred within 3 years (19).
Multivariate analysis of the present study data showed that
RFS was significantly correlated with lymph vessel invasion
and CD204 expression. Furthermore, in vitro experiments
demonstrated that activated macrophages with high expression
of CD204 enhanced tumour invasion to a significantly greater

degree than inactivated macrophages, suggesting that CD204
may be related with postoperative recurrence.

We used CD204 as a marker for M2 macrophages because
of its established involvement in M2 polarization, which occurs
via inhibition of Toll-like receptor signalling, as well as its
significant correlation with poor prognosis of various cancers
(20). To our knowledge, this is the first report of a correlation
between CD204 expression and worse prognosis of CRC.

The previously reported correlation between high CD68
expression and improved survival (16, 17) was not found in the
CRC patients in this study, either in OS or RFS. This may be
explained by CD68 being a pan-macrophage marker present in
both M1 and M2 macrophages. However, our in vitro
experiments demonstrated that inactivated macrophages also
promoted proliferative and invasive abilities compared with the
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Figure 4. Flow cytometry demonstrated that CD204 expression tended
to be higher in activated macrophages than in inactivated macrophages.

-
101 102

medium-only control. Generally, macrophages differentiate into
M1 or M2 type depending on the microenvironment, however,
they coexist and the roles of each macrophage type are poorly
understood. Yang et al. showed that M1 macrophages did not
promote proliferative or invasive abilities of CRC cells, and
that a high CD163/CD68 expression ratio was correlated with
poor prognosis in CRC (14). These results indicated that the
ratio of M1 and M2 macrophages in the TME might have an
important role in tumour malignancy.

This study has several limitations. First, patients
undergoing preoperative chemotherapy, radiotherapy or
chemoradiotherapy were included. Previous studies revealed
that several chemotherapy drugs (cyclophosphamide,
docetaxel, doxorubicin, 5-fluorouracil) increased macrophage
infiltration, resulting in tumour resistance and recurrence
(21). Radiotherapy is often used as part of the treatment for
various cancers. Wan et al. showed that irradiated tumour
cell-released microparticles have antitumour effects by
inducing ferroptosis and polarizing macrophages from M2 to
M1, enriching the Janus kinase/signal transducers and
activators of transcription signaling pathways and the
mitogen-activated protein kinase signaling pathway (22). In
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this study, chemoradiation was not correlated with CD204
expression. Further research is needed to confirm the effects
of chemotherapy, radiotherapy and chemoradiotherapy on the
polarization status of macrophages. Second, there are several
M2-specific markers, including CD163, CD206, CD204 and
Arginase 1 (ARG1). Previous studies on the association
between M2 macrophages and CRC used CD163 or CD206
(14, 15), but not ARG1; marker selection can be complicated
by the presence of various M2 subtypes. To clarify the impact
of M2 macrophages on CRC more comprehensively, the
potential association between ARGI1 expression and CRC
should be investigated. Third, all of the clinical specimens
used in this study were obtained from Japanese patients. In a
previous study, the number of M2 macrophages tended to be
higher in black patients, who also had more breast cancer-
related deaths compared with white patients (23). Further
studies are needed to investigate the commonality of our
results across racial/ethnic groups.

In conclusion, we demonstrated that high expression of
the M2-specific marker CD204 was significantly correlated
with the poor prognosis of Stage II and III CRC patients,
whereas the pan-macrophage marker CD68 was not.
Additionally, co-culturing of CRC cell lines with M2
macrophages expressing CD204 affected their proliferative
capacity and invasive potential. These results indicated that
CD204 might be an important prognostic marker and a new
therapeutic target for CRC patients.
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