Open access

Original research

Xudong Zhu,1 Rongpu Liang,1 Tianyun Lan,2 Dongbing Ding,1 Shengxin Huang,1
Jun Shao,1 Zongheng Zheng,1 Tufeng Chen,1 Yong Huang,1 Jianpei Liu,1
Janak L Pathak,3 Hongbo Wei,1 Bo Wei   1

To cite: Zhu X, Liang R, Lan T,
et al. Tumor-a ssociated
macrophage-specific CD155
contributes to M2-phenotype
transition, immunosuppression,
and tumor progression in
colorectal cancer. Journal for
ImmunoTherapy of Cancer
2022;10:e004219. doi:10.1136/
jitc-2021-004219
► Additional supplemental
material is published online only.
To view, please visit the journal
online (http://dx.d oi.org/10.
1136/jitc-2021-0 04219).

XZ and RL contributed equally.
XZ and RL are joint first authors.
Accepted 23 August 2022

© Author(s) (or their
employer(s)) 2022. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published by
BMJ.
For numbered affiliations see
end of article.
Correspondence to
Dr Bo Wei;
weibo3@mail.s ysu.edu.cn
Dr Hongbo Wei;
drweihb@mail.s ysu.edu.cn
Dr Janak L Pathak;
j.pathak@g zhmu.edu.cn

ABSTRACT
Background Onco-immunogenic molecule CD155 is
overexpressed in various tumor microenvironments (TME)
including in colorectal cancer (CRC). Tumor-associated
macrophages (TAMs) are the most abundant immune cells
in CRC TME and play a vital role in CRC progression and
metastasis. Most studies have focused on investigating the
role of CRC cell-specific CD155 on CRC progression, while
the contribution of TAMs-specific CD155 is still unknown.
Here, we sought to investigate the expression pattern of
CD155 in CRC TAMs and its role in tumor immunity and
progression.
Methods CD155 expression patterns in CRC TAMs and
macrophages in paratumor or adjacent normal tissue were
analyzed in 50 patients with CRC using flow cytometry and
in 141 patients with CRC using immunohistochemistry.
The correlation of CD155 expression level in TAMs with
M1 and M2 phenotypic transition was analyzed. The role
of macrophage-specific CD155 in CRC progression and
tumor immune response was investigated in vitro and in
vivo. We further analyzed the effect of CRC cells on the
regulation of CD155 expression in macrophages.
Results CRC TAMs from clinical samples showed
robustly higher expression of CD155 than macrophages
from paratumor and adjacent normal tissues. The CD155
expression level was higher in TAMs of CRC at III/IV
stages compared with the I/II stages and was negatively
associated with the survival of patients with CRC. CD155+
TAMs showed an M2 phenotype and higher expression of
interleukin (IL)-10 and transforming growth factor (TGF)-β.
CD155+ macrophages promoted CRC cell migration,
invasion, and tumor growth supporting the findings
from the clinical tissue analysis. This effect was mainly
regulated by TGF-β-induced STAT3 activation-mediated
release of matrix metalloproteinases (MMP)2 and MMP9 in
CRC cells. CD155–⁄– bone marrow transplantation in wild-
type mice, as well as CD155– macrophages treatment,
promoted the antitumor immune response in the mice
ectopic CRC model. Additionally, CRC cells released IL-4 to
trigger CD155 expression in macrophages indicating the
regulatory role of CRC cells in the development of CD155+
TAMs.
Conclusions These findings indicated that CD155+
TAMs are responsible for the M2-phenotype transition,
immunosuppression, and tumor progression in CRC. The

specific localization of CD155+ TAMs in CRC tissue could
turn into a potential therapeutic target for CRC treatment.

BACKGROUND
Colorectal cancer (CRC) is the third most
diagnosed cancer (10.0%) and the second
leading cause of cancer death (9.4%) worldwide.1 2 Data from 2020 showed >1.9 million
new CRC cases and 935,000 deaths, representing approximately 1 in 10 cancer deaths.
In recent years, the development of effective
cancer screening and preventive measures
has successfully improved the outcome of
localized CRC treatment. However, distant
metastasis to vital organs and postoperative
recurrence are the major causes of CRC-
related death.3 The tumor microenvironment
(TME) consisting of various non-cancerous
cells, such as regulatory T cells, tumor-
associated macrophages (TAMs), endothelial cells, etc, plays an important role in the
antitumor immune response, angiogenesis,
cancer progression, and metastasis.4 5 Recent
studies have revealed that CD155 is overexpressed in the TME of various cancers, such as
lung cancer, melanoma, and colon cancer.6–8
CD155 was originally identified as a poliovirus
receptor expressed on the surface of hematopoietic and non-hematopoietic cells.9 The
CD155 expression level is associated with the
pathophysiology and therapeutic efficacy in
various cancers, including CRC.10 11 However,
the cell types expressing CD155 in the CRC
TME and their role in the pathophysiology of
CRC are still unknown.
TAMs are the most abundant immune
cells in the TME and play a vital role in the
progression and immunogenicity of various
cancers including CRC.12 13 The functional
heterogeneities of TAMs are associated with
phenotypic subsets, that is, tumor-inhibiting
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Tumor-associated macrophage-specific
CD155 contributes to M2-phenotype
transition, immunosuppression, and
tumor progression in colorectal cancer
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METHODS
Patients with CRC and tissues
This study recruited 50 patients with histologically proven
CRC who underwent surgery at the Third Affiliated
Hospital of Sun Yat-
sen University between 2019 and
2021. CRC tissue, paratumor intestinal tissue (within 2 cm
from the tumor edge), and adjacent normal intestinal
tissue (2 cm away from the tumor edge) were collected.
A blood sample (8 mL) from each patient was collected
in an EDTA vial. Patients’ demographic, clinical information, and histopathological data were presented in online
supplemental table 1. Patients with preoperative antitumor treatments (neoadjuvant radiotherapy or chemotherapy) were excluded. All patient specimens were
obtained with written informed consent. In addition,
paraffin sections of samples from a total of 141 patients
with complete clinical data who were diagnosed with
CRC at Third Affiliated Hospital of Sun Yat-sen University between 2009 and 2012 were used to detect CD155
expression on TAMs with immunohistochemistry, and the
clinicopathological parameters were presented in online
supplemental table 1.

for 5 min. To isolate tumor-infiltrating mononuclear cells,
30% and 70% Percoll (Cytiva, USA) was utilized during
centrifugation at 2500 rpm for 20 min. Next, the tumor-
infiltrating mononuclear cells were washed with PBS and
resuspended in RPMI 1640 medium to obtain a single-cell
suspension. The remaining methods can be seen in the
online supplemental material.
Statistical analysis
Data were presented as means±SD. Quantitative data
were analyzed using t-test or one-way analysis of variance.
For flow cytometry data, FlowJo software (Tree Star) was
utilized for every individual sample. The cut-off value
of CD155 integrated optical density was determined by
the median value of CD155 density in macrophages, and
Kaplan-Meier survival curves were plotted using patient
survival data and tested by log-
rank test. SPSS V.22.0
(Chicago, USA) and Prism V.7.0 (California, USA) software were adopted for data analysis. *p<0.05; **p<0.01;
***p<0.001; ****p<0.0001 and ns, not significant. P value
<0.05 was considered to indicate a statistically significant
difference.

Processing of human samples
A standard Ficoll (Biosharp, China) procedure was
utilized to obtain peripheral blood mononuclear cells
infiltrating mononuclear cells were
(PBMCs).22 Tumor-
isolated as described previously.23 Briefly, freshly resected
human colorectal tissue samples (within 2 hours) were
minced by scissors into 2–4 mm diameter pieces and
digested in 2.5 mg/mL collagenase IV and 2.5 mg/mL
DNase containing RPMI 1640 (Gibco) media at 37°C for
1 hour. The enzymatic reaction was stopped by adding
phosphate buffered saline (PBS) to a double volume
of the sample. Afterward, the homogenate was filtered
through a 70 µm cell strainer and centrifuged at 1500 rpm

RESULTS
TAMs in CRC tissues showed higher expression of CD155 and
exhibited an M2-phenotype
The CD155 expression in macrophages was determined
with flow cytometry in paired blood samples, normal
tissues, paratumor tissues, and tumor tissues from 50
patients with CRC. Gating strategies to investigate the
proportion of various immune cells in samples were
presented in online supplemental figure S1. The results
showed that intratumoral macrophages expressed a
higher level of CD155 than non-
tumor tissue macrophages and peripheral macrophages (figure 1A–C, online
supplemental figure S2A). Tumor tissue showed a higher
number of CD155+ TAMs than the paratumor tissue.
Similarly, paratumor tissues showed a higher number of
CD155+ TAMs than the adjacent normal intestinal tissue.
In addition, immunofluorescence and immunohistochemistry staining exhibited higher numbers of CD155+
TAMs in CRC tissue than paired adjacent normal intestinal tissue (online supplemental figure S2B–G). The
number of macrophages (CD68+ cells) in the TME was
robustly higher than in adjacent normal tissue (online
supplemental figure S2C-G). The percentage of CD155+
TAMs in tumor tissue was higher in patients with CRC
with disease stages III/IV than in those with disease stages
I/II, indicating the clinical relevance of intratumoral
CD155+ TAMs in CRC (figure 1D). The phenotype of
CD155+ TAMs was further analyzed based on the levels
of cell surface inhibitory receptors, cytokines, and macrophage polarization markers. CD155+ TAMs from CRC
tissue showed higher expression of cell surface inhibitory receptors T-cell immunoglobulin and mucin domain
3 (TIM-3), lymphocyte-activation gene 3 (LAG-3), and
programmed cell death protein- 1 (PD-1) (figure 1E).
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M1-like and tumor-promoting M2-like macrophages.14 15
Under normal circumstances, the biological function of
M2 macrophages is to inhibit inflammation and promote
tissue repair.16 M2 TAMs enhance cancer cell invasion,
regulate T cell function, and promote tumor progression.17 Moreover, M2 macrophages present in TAMs
suppress the antitumor immune response of T cells and
disrupt immune cell interactions resulting in an immunosuppressive CRC TME.18 19 A recent study has confirmed
higher CD155 messenger RNA expression in TAMs.20
Similarly, CD155 is overexpressed in CRC tissue and
prevents the apoptosis of cancer cells.21 However, the
CD155 expression pattern in CRC TAMs and its role in
CRC pathophysiology should still be unraveled.
In this study, we aimed to investigate: (1) the protein
expression pattern of CD155 in CRC TAMs using clinical
tissue samples from CRC patients, (2) the role of CD155
expression levels in macrophages on M1 and M2 polarization in the TME, and (3) the role of CD155 expression
levels in macrophages on the pathophysiology of CRC.

Open access

The expression of the M2 phenotype markers interleukin (IL)-10 and transforming growth factor (TGF)-β
were elevated and the M1 phenotype marker IL-12 was
reduced in CD155+ TAMs compared with CD155– TAMs

in human CRC tissues (figure 1F, online supplemental
figure S2E,H). However, the inflammatory marker tumor
necrosis factor-α expression pattern was similar in CD155+
TAMs and CD155– TAMs (figure 1F). We further analyzed
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Figure 1 CD155+ TAMs were predominant in CRC tissue and showed an M2 macrophage phenotype. (A) Representative
FACS images showed the expression patterns of CD155 on macrophages from the paired blood samples, normal tissues,
paratumor tissues, and tumor tissues of patients with CRC (gated on CD68+ cells). (B) Quantitative analysis of CD155+
macrophages from the FACS analysis (n=50). (C) Percentage of CD155+ macrophages presented in paired blood samples
and tumors, paired normal tissues and tumors, paired paratumor tissues and tumor tissues, and paired normal tissues and
paratumor tissues of patients with CRC (n=50). (D) Percentage of CD155+ TAMs in CRC tissue of patients with tumor stages I/
II and III/IV. (E) Expression pattern of TIM-3, LAG-3, and PD-1 on CD155– and CD155+ TAMs presented in CRC tissues (n=15).
(F) Expression pattern of IL-10, TNF-α, and IL-12 in CD155– and CD155+ TAMs presented in CRC tissues (n=15). (G) Expression
pattern of the M1 phenotype marker CD86 and the M2 phenotype marker CD206 in CD155+ TAMs (n=50). (H) Kaplan-Meier
analysis of overall survival according to low and high CD155 expression in 141 patients with CRC. Data were presented as
mean±SD. A significant difference between the groups, **p<0.01, ***p<0.001, and ****p<0.0001. CRC, colorectal cancer; FACS,
fluorescence activated cell sorter; IL, interleukin; LAG-3, lymphocyte-activation gene 3; ns, no significant difference; PD-1,
programmed cell death protein-1; TAM, tumor-associated macrophages; TIM-3, T-cell immunoglobulin and mucin domain 3;
TNF, tumor necrosis factor.
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CD155+ TAMs were negatively associated with the survival of
patients with CRC
CD8+ T cells are the most powerful effectors in the anticancer immune response. The percentage of CD155+
TAMs was negatively correlated with CD8+ T cells in
CRC tissues (online supplemental figure S3). Among the
50 patients with CRC, 3 patients diagnosed with lymph
node metastasis were used for further study. Metastasized
lymph nodes showed a higher number of CD155+ TAMs
than the primary tumor (online supplemental figure S4).
These results indicated that CD155+ TAMs selectively
accumulate in the CRC tissues and lymph node metastasized tumors with a protumor M2-like phenotype creating
favorable conditions for cancer progression. According to
the median value of CD155 density in TAMs, patients with
up
CRC who underwent surgery with complete follow-
data were divided into a CD155+ TAMs high group (n=48,
online supplemental table 1) and a CD155+ TAMs low
group (n=93, online supplemental table 1), and the readouts showed a negative association between the frequency
of CD155+ TAMs and the prognosis of patients with CRC
(figure 1H, online supplemental figure S5).
CD155 level in macrophages regulates their phenotypic and
functional transition
We analyzed the biological function of M2 polarized
CD155+ macrophages in vitro using the human monocyte cell line THP-
1 and the mouse macrophage cell
line RAW264.7. The THP-1 cells were differentiated into
macrophages by incubation with 100 ng/mL 12-myristate
13-acetate (PMA, Sigma, USA) in RPMI 1640 medium for
24 hours, and the CD68 expression was determined by
fluorescence activated cell sorter (FACS) (online supplemental figure S6A,B). THP-
1 and RAW264.7-
derived
macrophages showed higher expression of CD155 than
the human PBMCs-
derived and mouse bone marrow-
derived macrophages, respectively (online supplemental
figure S6C,D). This could be due to the tumor origin
of THP-1 and RAW264.7 cells. Therefore, in this study,
we used THP1 and RAW264.7-derived macrophages as
models of CD155 overexpressing macrophages (CD155+)
for in vitro studies. To create CD155 knockdown macrophages (CD155−), THP-
1 and RAW264.7 cells were
transfected with the sh-CD155 expression virus (online
supplemental figure S6E,F). Then, puromycin was
utilized to select resistant colonies, that is, 2 µg/mL for
THP-
1 cells and 6 µg/mL for RAW264.7 cells (online
supplemental figure S6G,H). The expression of CD155
was downregulated in stable transformants of THP1
(figure 2A–D) and RAW264.7 cells (online supplemental
figure S7A–D) as confirmed by flow cytometry, real time
quantitative PCR (RT-qPCR), and Western blot analysis.
4

After treatment with lipopolysaccharide (LPS)+interferon (IFN)-γ, CD155– human macrophages showed
a higher M1 polarization concomitant with increased
CD86 expression compared with CD155+ macrophages
(figure 2E–G). After treatment with IL-4+IL-13, CD155–
human macrophages showed a reduced M2 polarization commitment with reduced CD206 expression
(figure 2H–J). A similar trend of CD86 and CD206 expression was observed in M1 and M2-induced CD155– mouse
macrophages compared with CD155+ macrophages
(online supplemental figure S7E,F). The M1 marker
IL-
12 was enhanced in M1-
induced CD155– human
macrophages compared with CD155+ human macrophages (figure 2K). The protein expression levels of M2
markers IL-10 and TGF-β were reduced in M2-induced
CD155– human macrophages compared with CD155+
human macrophages (figure 2L). These results suggested
the role of CD155 levels in the phenotypic transition and
function of macrophages.
CD155+ macrophages promoted the migration and invasion of
CRC cells
Macrophages and CRC cells co-
culture showed that
CD155– human and mouse macrophages inhibited CRC
cell migration and invasion compared with the respective
CD155+ macrophages (figure 3A,B, online supplemental
figure S8A,B). The CD155– macrophages did not affect
the CRC cell cycle and apoptosis compared with CD155+
macrophages (figure 3C,D, online supplemental figure
S8C,D). CD155+ macrophages did not affect the CRC cell
proliferation rate (figure 3E, online supplemental figures
S8E and 9A,B). These results indicated the regulatory
role of the CD155 expression level in macrophages on
CRC cell migration and invasion.
CD155+ macrophages induced MMPs expression and
activated pSTAT3 signaling in CRC cells
The migratory and invasive potential of CRC cells is dependent on matrix metalloproteinases (MMPs) anchored on
the cell surface.24 Thus, we speculated that MMPs may
play a role in macrophage-mediated CRC invasion and
migration. CRC cells co-
cultured with CD155– macrophages showed reduced expression of MMP2 and MMP9
compared with the CRC cells co-cultured with CD155+
macrophages (figure 3F,G, online supplemental figure
S8F,G).
STAT3 signaling mediated CRC cell migration and
invasion.25 26 CRC cells co-cultured with CD155– macrophages showed reduced expression of pSTAT3 compared
with the CRC cells co-cultured with CD155+ macrophages.
Inhibition of STAT3 signaling by tofacitinib in CRC cells
during co-culture with CD155+ macrophages reduced the
expression of p-STAT3, MMP2, and MMP9 in CRC cells
(figure 3H, online supplemental figures S8H and S9C,D).
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the typical M1 and M2 cell surface markers in TAMs,
and the M2 marker CD206 was more highly expressed
on CD155+ TAMs compared with the M1 marker CD86
(figure 1G).

Open access

CD155+ macrophage-produced TGF-β promoted the migration
and invasion of CRC cells possibly via activation of the STAT3/
MMPs signaling cascade
TGF-β was overexpressed in M2-induced CD155+ macrophages compared with CD155– macrophages (figure 2L).
TGF-β, an M2 macrophage phenotype marker, induces
cancer cell invasion.27 28 We further analyzed the possible
role of CD155+ M2 macrophage-produced TGF-β on CRC
cell migration and invasion. Inhibition of TGF-β signaling
by galunisertib in CRC cells during co-culture with CD155+
macrophages reduced the expression of pSTAT3, MMP2,
and MMP9 in CRC cells (figure 3H, online supplemental

figures S8H and S9C,D), as well as the migration and invasion of CRC cells (online supplemental figure S10). Interestingly, the inhibition of STAT3 signaling during CRC
cells and CD155+ macrophage co-
culture dramatically
reduced the migration and invasion of CRC cells (online
supplemental figure S10). Taken together, we speculated
that CD155+ macrophages participated in CRC progression via TGF-β-mediated activation of the STAT3/MMPs
cascade in CRC cells.
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Figure 2 CD155 level in macrophages determined phenotypic transition and function. Expression pattern of CD155 in THP-1
cells, NC-CD155 transfected THP-1 (hCD155+), and sh-CD155 transfected THP-1 (hCD155–) cells analyzed by FACS (A), RT-
qPCR (B), and Western blot analysis (C and D). (E–G) CD86 expression patterns in LPS+IFN-γ-treated hCD155+ and hCD155–
macrophages. (H–J) CD206 expression patterns in IL-4+IL-13-treated hCD155+ and hCD155– macrophages (gated on CD68+
cells). (K) IL-12 and TNF-α protein expression patterns in LPS/IFN-γ-treated hCD155+ and hCD155– macrophages. (L) IL-10
and TGF-β protein expression patterns in IL-4/IL-13-treated hCD155+ and hCD155– macrophages. Data were presented as
mean±SD, n=3. A significant difference between the groups, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001. FACS, fluorescence
activated cell sorter; IL, interleukin; IFN, interferon; LPS, lipopolysaccharide; mRNA, messenger RNA; ns, no significant
difference; RT-qPCR, real time quantitative PCR; TGF, transforming growth factor; TNF, tumor necrosis factor.
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CD155+ macrophages suppressed CD8+ T-cell proliferation
and function
CD8+ T cells are the most powerful effectors in the

antitumor immune response. To investigate whether
CD155+ macrophages regulated CD8+ T-
cell function in the TME, CD8+ T cells were isolated using
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Figure 3 CD155+ macrophages (THP-1-derived) enhanced the migration and invasion of human CRC cells. The migration
(A), invasion (B), cell cycle status (C), apoptosis (D), and proliferation rate (E) of CRC cells (HTC116) during co-cultured with
hCD155+ or hCD155– macrophages. Scale bar: 100 µm. (F and G) MMPs expression in CRC cells during co-cultured with
hCD155+ or hCD155– macrophages. (H) Expression pattern of MMPs and pSTAT3/STAT3 in CRC cells during co-cultured with
hCD155+ or hCD155– macrophages with or without inhibition of STAT3 or TGF-β signaling. Data were presented as mean±SD,
n=3. A significant difference between the groups, **p<0.01, ***p<0.001, and ****p<0.0001. ns, no significant difference.
Tofacitinib (2.5 µM): JAK/STAT3 signaling inhibitor, galunisertib (10 µM): TGF-β signaling inhibitor. CRC, colorectal cancer; MMP,
matrix metalloproteinases; TGF, transforming growth factor.
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CRC cells induced CD155 expression in macrophages
The phenotypic transition of macrophages was analyzed
during co-
culture with CRC cells. CD14+ monocytes

from human peripheral blood and mouse bone marrow
cells were induced to differentiate into macrophages
(figure 5A,B, online supplemental figure S11E,F and
S13A,B). CD155 expression on human and mouse primary
macrophages was relatively low and was not affected
during the period of macrophage transition (online
supplemental figure S14). The expression patterns of
CD155, CD206, and CD86 were analyzed in macrophages
co-
cultured with CRC cells, M1-
induced macrophages,
and M2-induced macrophages. Macrophages co-cultured
with CRC and M2-induced macrophages alone showed
higher expression of CD155 than M1-
induced macrophages (figure 5C,F, online supplemental figure S13C,F).
M2-induced macrophages showed the highest expression
of CD206 compared with macrophages co-cultured with
CRC cells and M1-induced macrophages (figure 5D,G,
online supplemental figure S13D,G). Macrophages
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immunomagnetic beads from healthy subjects or normal
mice (online supplemental figure S11A–D). CD155+ or
CD155– macrophages were co-cultured with anti-CD3/
CD28-stimulated CD8+ T cells for 3 days. CD155+ macrophages inhibited and CD155– macrophages enhanced
the proliferation of cytotoxic CD8+ T cells (figure 4A,B,
online supplemental figure S12A,B). IFN-γ and granzyme
B (GZMB) are polyfunctional phenotype markers of CD8+
T cells. CD155+ macrophages inhibited the expression of
IFN-γ and GZMB in cytotoxic CD8+ T cells compared with
CD155– macrophages (figure 4C–F, online supplemental
figure S12C–F). The high and low levels of CD155 in
macrophages were not related to CD8+ T-cell apoptosis
(figure 4G,H, online supplemental figure S12G,H).
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Figure 4 CD155 level in human macrophages regulated CD8+ T-cell proliferation and function. (A and B) The proliferation
rate of CD8+ T cells during co-cultured with hCD155+ or hCD155– macrophages. Expression pattern of IFN-γ (C and D), and
GZMB (E and F), in CD8+ T cells during co-cultured with hCD155+ or hCD155– macrophages (gated on CD8+ cells). (G and
H) Apoptosis rate of CD8+ T cells during co-cultured with hCD155+ or hCD155– macrophages. Data were presented as
mean±SD, n=3. A significant difference between the groups, *p<0.05, **p<0.01, and ****p<0.0001. GZMB, granzyme B; IFN,
interferon; ns, no significant difference.
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Figure 5 CRC cells triggered CD155 expression in human macrophages. (A) Microscopic images of differentiating
macrophages from human PBMC-derived monocytes. Scale bar: 50 µm. (B) CD68 expression pattern during macrophagic
differentiation of monocytes. CD155 expression (C), CD206 expression (D), and CD86 expression (E), in macrophages
during co-cultured with CRC cells, M1 (LPS+IFN-γ-treated) and M2 (IL-4+IL-13-treated) polarization (gated on CD68+ cells).
(F–H) Statistical analysis of CD155 expression, CD206 expression, and the ratio of CD206 to CD86 in macrophages during co-
cultured with CRC cells, M1 (LPS+IFN-γ-treated) and M2 (IL-4+IL-13-treated) polarization. Data were presented as mean±SD,
n=3. A significant difference between the groups, ##p<0.01 and ###p<0.001, and compared with M0 group ***p<0.001 and
****p<0.0001. CRC, colorectal cancer; IFN, interferon; IL, interleukin; LPS, lipopolysaccharide; ns, no significant difference;
PBMC, peripheral blood mononuclear cell.
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Bone marrow transplantation from CD155–⁄– mice inhibited
ectopic CRC tumor growth in wild-type mice
To explore the protumor effect of CD155+ macrophages
in vivo, two subcutaneous CRC models (CT26 cells in
BALB/c and MC-38 cells in C57BL/6 mice) were established. Cd155–⁄– mice were purchased from Shanghai
Model Organisms (Shanghai, China), and a bone marrow
transplantation (BMT) from these null mice into irradiated wild-type mice (C57BL/6) was performed to populate a BM with CD155 null monocytes (figure 6A–C,
online supplemental figure S16A,B). Then, the subcutaneous tumor model was established with MC-38 CRC
cells. online supplemental figures S17,18a Cd155–⁄– BMT
mice inhibited tumor growth compared with the wild-type
mice as indicated by the tumor size, weight, and volume
(figure 6D–F). Tumor cells from the Cd155–⁄– BMT group
showed lower tumor vessels and proliferation, and a
higher cell apoptosis rate than those from the wild-type
group as indicated by CD31, Ki-67, and Tunel staining
(figure 6G–J). These results indicated the direct role of
CD155+ macrophages on CRC progression.
To better understand the tumor growth-
promoting
effect of CD155+ macrophages, we analyzed the T-cell
subpopulations in tumor tissues. CD155+ TAMs expression was relatively low in the tumor tissue from the Cd155–
⁄–
BMT group compared with the wild-type group (online
supplemental figure S16A,B). The Cd155–⁄– BMT group
showed a higher percentage of CD8+ T cells than the wild-
type group (figure 7A,B). However, there was no obvious
difference in the percentage of CD4+ T cells (figure 7C).
Interestingly, the CD8+/CD4+ ratio was increased in the
Cd155–⁄– BMT group compared with the wild-type group
(figure 7D). Immunofluorescence staining of tumor
sections showed increased infiltration of CD8+ T cells
in tumor tissues of the Cd155–⁄– BMT group compared
with that of the wild-type group (figure 7E,F). IFN-γ and
GZMB expression was higher in the Cd155–⁄– BMT group
Zhu X, et al. J Immunother Cancer 2022;10:e004219. doi:10.1136/jitc-2021-004219

than wild-type group (figure 7G–J). Taken together, these
results indicated that the increased infiltration of CD8+ T
cells could be a factor for tumor growth inhibition in the
Cd155–⁄– BMT group.
In addition, the proportion of M1-
like TAMs
(CD11b+F4/80+CD86+) was increased in the Cd155–⁄– BMT
group (figure 7K,L), and the proportion of M2-like TAMs
(CD11b+F4/80+CD206+) was decreased in the Cd155–⁄–
BMT group (figure 7M,N) compared with the wild-type
group. Besides, the MMPs, TGF-β, and p-STAT3/STAT3
expression levels were decreased in the Cd155–⁄– BMT
group compared with the wild-type group (figure 7O,P,
online supplemental figure S16C–F). The original macrophages in BALB/c mice were depleted by clodronate liposome injection intraperitoneally two times a week (online
supplemental figures S17,18a). Similar trends in the
results from Cd155–⁄– BMT mice group were observed in
macrophage ablated BALB/c mice treated with CD155–
macrophage (online supplemental figures S18 and S19).
Collectively, our results suggested that CD155+ TAMs
are responsible for tumor cell progression possibly via
suppression of the adaptive anticancer immune response.
DISCUSSION
CD155 is an onco-immunogenic molecule associated with
tumor growth, progression, and metastasis.7 Previous
studies have reported the overexpression of CD155 in the
CRC TME.11 21 TAMs are the most abundant immune cells
in the CRC TME and play a vital role in CRC progression and metastasis.30 However, the CD155 expression
levels in CRC TAMs and the role of CRC TAMs-specific
CD155 in cancer progression and the anticancer immune
response have not been reported yet. We found overexpression of CD155 in CRC TAMs compared with macrophages in paratumor and adjacent normal tissues. The
CD155 level was higher in TAMs of CRC at III/IV stages
than that at I/II stages, and the CD155+ TAMs were negatively associated with the survival of patients which indicates a positive correlation of CD155 expression levels in
TAMs with CRC progression. In addition, CD155+ TAMs
showed an M2 phenotype and enhanced CRC cell migration, invasion, and tumor growth. Moreover, CD155+
TAMs inhibited CD8+ T-cell proliferation and function
as well as the CD8+/CD4+ T-cell ratio indicating its role
in cancer-
induced immunosuppression. On the other
hand, CRC cells enhanced CD155 expression in macrophages indicating the stimulatory role of CRC cells in
the development of CD155+ TAMs. Taken together, our
results indicate that CD155+ TAMs are responsible for
the M2-phenotype transition, immunosuppression, and
tumor progression in CRC.
CD155 expression was robustly higher in RAW264.7
and THP-
1-
derived macrophages than in primary
macrophages derived from mouse BM cells and human
monocytes, respectively. Therefore, CD155 was knocked
down in THP-1 and RAW264.7 cells by using a set of
distinct CD155 shRNAs. TIM3, LAG3, and PD-1 are the
9
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co-cultured with CRC cells and M2-induced macrophages
alone showed a similar pattern of CD206:CD86 expression ratio (figure 5E,H, online supplemental figure
S13E,H). These results indicated that CRC cells increased
the expression of CD155 in macrophages and the M2:M1
ratio creating a favorable TME for cancer growth. IL-4
and IL-13 are the key inducers of M2-like TAM polarization in the TME.29 30 Our results showed higher
expression of IL-4 in CRC cells than in normal intestinal
epithelial cells (online supplemental figure S15A,C).
There was no obvious difference in IL-13 expression in
CRC cells and normal intestinal epithelial cells (online
supplemental figure S15B,D). Moreover, CD155 expression decreased in primary macrophages co-cultured with
CRC cells with anti-IL-4 antibody treatment compared
with the macrophages co-cultured with CRC cells without
anti-IL-4 antibody treatment (online supplemental figure
S15E–H). These results suggested that IL-4 secreted by
CRC cells may trigger CD155+ macrophage expansion
with a protumor M2-like phenotype.

Open access

key immune checkpoint molecules in immune cells of
various cancers including CRC.31 CD155+ CRC TAMs
showed higher expression of TIM3, LAG3, and PD-
1

than CD155– CRC TAMs. A previous study has reported
the TAMs-specific overexpression of PD-1 and its inhibitory role in phagocytosis and tumor immunity.32 This is
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Figure 6 CD155–⁄– BMT inhibited tumor growth in the mouse ectopic CRC model. (A) Schematic illustration of CD155
knockout. (B) Cd155–⁄– BM cells were transplanted into irradiated wild-type mice to populate a BM with CD155 null monocytes.
(C) Mouse blood genotypes were verified by agarose gel electrophoresis. (D) Macroscopic images of tumor tissues from wide
type and CD155–⁄– BMT groups. Quantitative analysis of tumor weight (E), and tumor volume (F). (G) Representative microscopic
images of tumor tissue sections showed tumor morphology (H&E staining), blood vessels (CD31 IHC), cell proliferation (Ki-
67 IHC), and apoptosis (TUNEL). Scale bar: 50 µm. (H–J) Quantitation of blood vessels, proliferation rate, and apoptosis rate
in tumor tissue sections. Data were presented as mean±SD, n=5. A significant difference between the groups, **p<0.01 and
***p<0.001. BM, bone marrow; BMT, bone marrow transplantation; CRC, colorectal cancer; IHC, immunohistochemistry; WT,
wild-type.
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Figure 7 CD155–⁄– BMT promoted the antitumor immune response in the mouse ectopic CRC model. Number of CD8+ and
CD4+ T cells (A–C), and CD8+/CD4+ T-cell ratio (D), in mouse tumor tissues examined by flow cytometry (gated on CD3+ cells).
(E and F) Representative immunofluorescence images of CD4 and CD8 expressing cells in tumor tissues. Scale bar: 50 µm.
(G–J) Expression pattern of IFN-γ and GZMB in CD8+ T cells of tumor tissue. CD86 (K and L) and CD206 expression patterns
(M and N) of TAMs in tumor tissues (gated on F4/80+ cells). (O) Representative microscopic images of MMP2 (IHC), MMP9
(IHC), and TGF-β (IHC) in tumor tissues. Scale bar: 50 µm. (P) Expression pattern of pSTAT3/STAT3 in tumor tissues. Data
were presented as mean±SD, n=5. A significant difference between the groups, *p<0.05, **p<0.01, and ***p<0.001. BMT, bone
marrow transplantation; CRC, colorectal cancer; GZMB, granzyme B; IFN, interferon; IHC, immunohistochemistry; MMP, matrix
metalloproteinases; ns, no significant difference; TAM, tumor-associated macrophages.
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The number of CD155+ TAMs inversely correlated with
the CD8+/CD4+ T-cell ratio in the CRC TME. In co-culture, CD155+ macrophages inhibited CD8+ T cells’ proliferation and the expression of IFN-γ and GZMB compared
with CD155– macrophages. Similarly, Cd155–⁄– BMT
increased the CD8+ T-cell level, and CD8+/CD4+ T cells’
ratio in the CRC ectopic model compared with wild-
type mice. In addition, IFN-γ and GZMB levels were also
increased in the Cd155–⁄– BMT group compared with the
wild-type group. Our results indicated the possible inhibitory role of CD155+ TAM-released higher levels of IL-10
and TGF-β, and reduced level of IL-12 on CD8+ T-cell
proliferation and function causing anti-
CRC immune
suppression.
Cancer cells created a favorable TME for their growth
and progression by modulating the function of immune
cells.45 CRC cells have been reported to promote exosome-
mediated M2 macrophage polarization.46 In this study,
CD155 expression was relatively low and stable during the
monocyte–macrophage transition. Macrophages co-cultured with CRC cells showed higher CD155 expression
and CD206/CD86 expression ratio. CRC cell-produced
IL-4 increased the M2/M1 TAMs ratio.47 When primary
macrophages are co-cultured with CRC cells with anti-
IL-4 antibody treatment, the increased CD155 expression
can be neutralized. Thus, increased M2/M1 ratio and
CD155 expression in macrophages co-cultured with CRC
cells might be the effect of CRC-released IL-4. Further in
vivo studies blocking IL-4 signaling is necessary to validate
this hypothesis.
This study extensively analyzed the expression pattern
of CD155 in CRC TAMs and investigated its role in CRC
progression and immunosuppression using clinical
samples, in vitro studies, and mouse ectopic CRC models.
However, we did not investigate the molecular mechanism
of CD155-mediated macrophage polarization, which is
the key limitation of this study.
In conclusion, CD155+ TAMs were robustly higher in the
TME than in the peripheral blood and adjacent normal
tissue of patients with CRC. CD155 overexpression in
TAMs correlated with M2 macrophage polarization, CD8+
T-cell proliferation and function, and tumor progression.
In vitro and in vivo studies showed the stimulatory role
of CD155+ macrophages in CRC cell migration/invasion and tumor growth but an inhibitory role in tumor
immunity. CRC cells seemed to stimulate CD155 expression in macrophages and M2 polarization, indicating the
possible role of CD155 in the crosstalk of macrophages
and cancer cells within the CRC TME. Taken together,
CD155+ TAMs are responsible for M2-phenotype transition, immunosuppression, and tumor progression in
CRC. The specific localization of CD155+ TAMs in CRC
tissue and paratumor tissue could turn into a potential
therapeutic target for CRC treatment.

the first study to report the expression pattern of TIM3,
LAG3, and PD-1 in CD155+ TAMs indicating the possible
role of CD155+ TAMs in CRC immunity.
In vitro, LPS+IFN-γ treatment in CD155+ macrophages
resulted in a reduced expression of CD86 and IL-
12
compared with that of CD155– macrophages. In contrast,
IL-4+IL-13 treatment in CD155+ macrophages resulted
in a higher expression of CD206, IL-
10, and TGF-β
compared with that of CD155– macrophages. The results
from clinical CRC tissues also indicated higher expression
of the M2-specific cytokine TGF-β in CRC tissues. Taken
together, CD155+ macrophages showed a higher tendency
to polarize toward M2 macrophages. M2 macrophages
in the TME trigger CRC progression and metastasis.33
However, the role of CD155+ TAMs in CRC progression
and metastasis has not yet been investigated. Our in vitro
study showed that CD155+ macrophages exhibit an M2
phenotype and promote CRC cell migration and invasion. Furthermore, Cd155–⁄– BMT robustly inhibited
tumor growth in the CRC ectopic model compared with
wild-type mice, supporting the findings from the clinical
study.
CRC TME showed higher expression of CD155 and
TGF-β, and CD155+ macrophages showed robustly higher
expression of TGF-β than the CD155– macrophages.
TAMs have been reported to regulate pancreatic ductal
adenocarcinoma progression via TGF-β signaling.34
Moreover, TGF-β signaling activates STAT3 to promote
cancer invasion and metastasis.35 CD155+ macrophages
and CRC cells co-culture activated STAT3 in CRC cells.
STAT3 activation regulated MMP2 and MMP9 expression,
tumor invasion, and metastasis.36 Overexpressed MMPs
in the TME regulated matrix remodeling, angiogenesis,
cell signaling, and migration.37 MMP2 and MMP9 overexpressed in the serum and TME of CRC and promoted
CRC progression, angiogenesis, and metastasis.38 39 In this
study, CD155+ macrophages induced MMP2 and MMP9
production in CRC cells. Inhibition of STAT3 signaling
prevented CD155+ macrophage-
induced MMP2/MMP9
production, migration, and invasion of CRC cells. Moreover, inhibition of TGF-β signaling inhibited STAT3
activation, MMP2/MMP9 expression, migration, and
invasion of CRC cells. Taken together, CD155+ macrophages promoted CRC progression and invasion via the
TGF-β-mediated STAT3/MMPs axis.
CD8+ T cells are the most powerful effectors in the
anticancer immune response. TAMs promoted CD8+
T-cell dysfunction and tumor growth.40 M2 macrophage-
released IL-
10 in the TME inhibits the CD8+ T cell-
dependent response to chemotherapy.41 In contrast, M1
macrophages release IL-12 which enhances the proliferation and cytotoxic activity of CD8+ T cells.42 In the current
study, CD155+ TAMs showed robustly higher expression
of IL-
10 and lower expression of IL-
12 than CD155–
TAMs. The CD155 expression level in TAMs is inversely
correlated with the number of CD8+ T cells in the CRC
TME. A high CD8+/CD4+ T-cell ratio is associated with a
favorable prognosis in various cancers including CRC.43 44
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Table S1 Clinicopathological characteristics of CRC patients
Factors

Cohort 1 (n=50)

CD155 low (n=93)

CD155 high (n=48)

Age

61.5; 21-85

56.9; (14-88)

61.2; (24-86)

Male

31 (62.0%)

54 (58.1%)

28 (58.3%)

Female

19 (38.0%)

39 (41.9%)

20 (41.7%)

Colon

41 (82.0%)

43 (46.2%)

30 (62.5%)

Rectum

9 (18.0%)

50 (53.8%)

18 (37.5%)

5 cm

30 (60.0%)

52 (55.9%)

20 (41.7%)

≥5 cm

20 (40.0%)

41 (44.1%)

28 (58.3%)

T1-2

8 (16.0%)

7 (7.5%)

4 (8.3%)

T3-4

42 (84.0%)

86 (92.5%)

44 (91.7%)

N0

35 (70.0%)

37 (39.7%)

16(33.3%)

N1-2

15 (30.0%)

56 (60.3%)

32 (66.7%)

Gender

Tumor location

Tumor diameter

T stage

N stage

M stage
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M0

47 (94.0%)

92 (98.9%)

45 (93.7%)

M1

3 (6.0%)

1 (1.1%)

3 (6.3%)

Ⅰ/Ⅱ

34 (68.0%)

36 (38.7%)

14 (29.1%)

Ⅲ/Ⅳ

16 (32.0%)

57 (61.3%)

34 (70.9%)

5

34 (68.0%)

66 (70.9%)

29 (60.4%)

≥5

16 (32.0%)

27 (29.1%)

19 (39.6%)

Well

2 (4.0%)

4 (4.3%)

1 (2.1%)

Moderate

48 (96.0%)

74 (79.5%)

36 (75.0%)

Poor

0 (0.0%)

15 (16.2%)

11 (22.9%)

N

N/A

73 (78.4%)

27 (56.2%)

Y

N/A

20 (21.6%)

21 (43.8%)

N

N/A

11 (11.8%)

17 (35.4%)

Y

N/A

82 (88.2%)

31 (64.6)
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TNM stage

CEA

Differentiation

Relapse

Survival
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Table S2 PCR primers, shRNAs, and the primers for genotyping used in this study.
Gene name

Forward primer (5'-3')

Reverse primer (3'-5')

Hu CD155

CCGTCCAGGTCAAAGGTACAG

GGGGTCTTCATCCATTGGGG

Mu CD155

TGTTAAGCGCCAGGGCAATA

CAGACCCTAGGGCATTGGTG

Hu CD206

ACCTGCGACAGTAAACGAGG

TGTCTCCGCTTCATGCCATT

Hu CD86

TCTACCGTCAGTCCTGGCAT

AGCAGCATTCCCAAGGAACA

Hu GAPDH

GGATTTGGTCGTATTGGGCG

TCCCGTTCTCAGCCATGTAG

Mu GAPDH

GCATCTTCTTGTGCAGTGCC

TACGGCCAAATCCGTTCACA

Hu CD155 (sh)

CCAATCAACACAACTTTAATCTGCA

Mu CD155 (sh)

CGTCCAGTATTCATCTGTGAA

CD155-ko (p1)

TCGACCCTCCCAAGACG

CD155-ko (p2)

GGGGGTGGGATGCAGATGTAAA

CD155-ko (p3)

GCCCTGGCTGTCCTGTAACTCG
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Materials and methods in detail
Processing of human samples
Flow cytometry: The cells from human samples were then stained with
fluorochrome-conjugated anti-CD45, CD11b, CD86, CD206, CD155, TIM-3, LAG-3,
PD-1, CD3, CD4, CD8, and goat anti-mouse PE-labelled secondary antibodies for 30
min at 4C. Intracellular cytokines were detected after 4 h of stimulation with
Leukocyte Activation Cocktail (BD Pharmingen, USA). Then, cells were
permeabilized using fixation and permeabilization solution (BD Cytofix/Cytoperm,
USA) according to the manufacturer’s instructions. Subsequently, the sample was
incubated with antibody (fluorochrome-conjugated anti-IL-10, IL-12, and TNF-) in
Perm/Wash buffer for 30 min at 4C. Finally, the samples were washed three times in
PBS and analyzed with flow cytometry (FACSymphony, BD Bioscience, USA). Data
were collected as FCS files. Each treatment condition included at least 10,000 cells
for analysis. The abovementioned antibodies for flow cytometric analysis were
purchased from BioLegend (San Diego, CA, USA).
Immunohistochemistry and immunofluorescence staining: Consecutive tissue
sections (5-m-thick) were obtained from formalin-fixed and paraffin-embedded
tissues. Briefly, after deparaffinization and rehydration, antigen retrieval was
performed by heat treatment using EDTA buffer (0.25 mM, pH 8) in a water bath at
98C for 15 min. Then, 10% bovine serum albumin (BSA) was used to block
nonspecific binding by incubation for 30 min. Then, the sections were stained with
anti-CD155 (Abcam, USA), anti-CD68 (Abcam), and anti-TGF- (Servicebio, China)
antibodies. To assess the staining of each antibody, a standard setting was applied for
all slides. Finally, the sections were observed by an optical microscope or confocal
laser scanning microscope (CLSM) (Nikon, Tokyo, Japan), and 5 regions of interest
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were randomly selected for each group.
Cell lines and cell culture
The human CRC cell line HCT116, mouse CRC cell lines CT26 and MC-38, human
monocyte cell line THP-1, and mouse macrophage cell line RAW264.7 were
purchased from the Cell Bank of the Chinese Academy of Science (Shanghai, China)
and all cells were tested and authenticated for their genotypes by DNA fingerprinting.
The cell lines used in the experiments were passaged for fewer than 6 months after
reconstitution. The THP-1 cells were differentiated into macrophages by incubation
with 100 ng/ml 12-myristate 13-acetate (PMA, Sigma, USA) in RPMI 1640 medium
for 24 h. Macrophages were further polarized to M1 macrophages by incubation with
100 ng/ml lipopolysaccharide (LPS, Sigma, USA) and 20 ng/ml IFN- (Pepro Tech
Inc, Rocky Hill, NJ, USA), and M2 macrophages were obtained by incubation with
20 ng/ml IL-4 (Pepro Tech Inc) and 20 ng/ml IL-13 (Pepro Tech Inc). All
experimental cells were cultured in RPMI 1640 medium supplemented with 10% FBS
(Gibco) and 1% penicillin/streptomycin at 37C in 5% CO2.
Knockdown of CD155 in CD155+ macrophages
Prior evidence has documented that the human monocyte cell line THP-1 and mouse
macrophage cell line RAW264.7 were extensively employed to simulate models of
human and mouse TAMs in vitro.1,2 FACS analysis was performed to analyze the
expression pattern of CD155 in human PBMCs-derived, THP-1-derived, mouse bone
marrow-derived, and RAW264.7-derived macrophages. CD155 knockdown in THP-1
and RAW264.7 cells was performed by using a set of distinct CD155 shRNAs
designed by HANBIO (Shanghai, China). The sh-CD155 sequences were listed in
Supplementary Table 2. These non-overlapping shRNAs were packed into the
lentiviral vector and added to THP-1 and RAW264.7 cells for 24 h. The medium was
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replaced with fresh RPMI 1640 medium, and continued to culture for 72 h.
Puromycin was utilized to select resistant colonies. The expression of CD155 in the
stable cells was tested by RT-qPCR, Western blot assay, and flow cytometry. Among
the tested CD155 shRNAs, the shRNA with the highest CD155 knockdown efficiency
was used for the following experiments and named sh-CD155. The negative control
lentiviral shRNA was named NC-CD155.
Stable colony testing: mRNAs from NC-CD155 THP-1, sh-CD155 THP-1,
NC-CD155 RAW264.7, and sh-CD155 RAW264.7 cells were extracted, and cDNA
was generated. The CD155 primers used were synthesized by Ruibio Tech
(Guangzhou, China), and the primers were listed in Supplementary Table 2. Samples
were run in duplicate, and all qPCR results were normalized to the levels of GAPDH.
The mRNA extracted from THP-1 and RAW264.7 cells were used as a positive
control. Western blot analysis was conducted to assess the expression of CD155 in
NC-CD155 THP-1, sh-CD155 THP-1, NC-CD155 RAW264.7, and sh-CD155
RAW264.7 cells. Total protein was extracted, and the protein concentration was
detected by a BCA kit. After separation on 10% SDS-PAGE gel, proteins were
transferred to polyvinylidene difluoride (PVDF) membranes and incubated with an
anti-CD155 antibody (CST, USA) and subsequently a secondary antibody. Then,
CD155 proteins were visualized using an ECL kit. Proteins extracted from THP1 and
RAW264.7 cells were used as positive controls. For flow cytometry, cells were
harvested and stained with anti-human CD155-PE (BioLegend) or anti-mouse
CD155-PE (BioLegend). The expression of CD155 was determined using flow
cytometry.
Macrophage differentiation: THP-1 cells were differentiated into macrophages by
24 h of incubation with 100 ng/ml PMA in RPMI 1640 medium. NC-CD155
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macrophages and sh-CD155 macrophages were further polarized to M1 macrophages
by incubation with LPS and IFN-, and M2 macrophages were obtained by incubation
with IL-4 and IL-13. After 48 h, the harvested macrophages were stained with
fluorochrome-conjugated

anti-CD86,

CD206,

CD68,

and

F4/80

antibodies.

Antibodies for flow cytometric analysis in this part were purchased from BioLegend.
RT-qPCR was conducted to evaluate CD86 and CD206 mRNA expression in each
group. The CD86 and CD206 primers were synthesized by Ruibio Tech, and the
primers were listed in Supplementary Table 2.
Enzyme-linked immunosorbent assay (ELISA): NC-CD155 macrophages and
sh-CD155 macrophages were cultured in RPMI 1640 medium. To measure the
concentrations of IL-10, TNF-, IL-12, and TGF-, macrophages were cultured at a
density of 106/ml. After being cultured for 48 h, the culture media were collected for
ELISA analysis. The concentrations of IL-10, TNF-, IL-12, and TGF- were
detected by ELISA kits (MEIMIAN, China) according to the manufacturer’s
instruction.
Macrophages-CRC cell coculture
Migration and invasion assays: Transwells with 8 m pore size and Matrigel (both
from Corning Inc, New York, USA) were utilized. CRC cells were serum-starved for
24 h to avoid possible serum effects. NC-CD155 macrophages or sh-CD155
macrophages were resuspended in a 10% FBS growth medium and seeded in the
lower chamber, CRC cells were resuspended in an FBS-free medium and seeded on
the top chamber with or without Matrigel (ratio 3:1). Chamber with Matrigel was used
for the invasion assay and a chamber without Matrigel was used for the migration
assay. After 24 h of incubation at 37C in 5% CO2, the non-invaded and non-migrated
CRC cells were removed with a cotton swab. Cells on the bottom of the membrane
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were fixed with 4% formalin and stained with 0.1% crystal violet. The cells were
counted in five randomized fields under an optical microscope (Nikon, Tokyo, Japan)
at 100 magnification. The transwell invasion and migration assays were repeated
three times with technical duplicates. CRC cell-monoculture was used as a negative
control.
Apoptosis analysis: A 24-well culture plate with transwell chambers (0.4 m pore
size; Corning) was used. NC-CD155 macrophages or sh-CD155 macrophages were
resuspended in RPMI 1640 media and seeded on the top of the chamber, and CRC
cells were seeded on the lower chamber (ratio 3:1). After 24 h, CRC cells were
washed with PBS and harvested, and then stained with Annexin-V/propidium iodide
(KeyGEN BioTECH, China) for flow cytometry analysis. CRC cell-monoculture was
used as a negative control.
Cell cycle analysis: A 24-well plate with transwell chambers (0.4 m pore size;
Corning) was used. NC-CD155 macrophages or sh-CD155 macrophages were
resuspended in RPMI 1640 media and seeded on the top of the chamber, and CRC
cells were seeded on the lower chamber (ratio 3:1). After 24 h, these CRC cells were
washed with PBS, and then fixed in ice-cold 70% ethanol for 24 h. After
centrifugation to remove ethanol, the cells were stained with RNase A and propidium
iodide (PI) (KeyGEN BioTECH) for 30 min at room temperature. DNA contents were
then assessed by flow cytometry. CRC cell-monoculture was used as a negative
control.
Cell proliferation analysis: A 24-well plate with transwell chambers (0.4 m pore
size; Corning) was used. NC-CD155 macrophages or sh-CD155 macrophages were
resuspended in RPMI 1640 media and seeded on the top of the chamber, and
CFSE-labeled CRC cells were seeded on the lower chamber (ratio 3:1). After 24 h,
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these CRC cells were washed with PBS, and then assessed by flow cytometry. CRC
cell-monoculture was used as a negative control.
Molecular mechanism of migration and invasion: Western blot analysis was
conducted to investigate the mechanism of CD155+ TAMs-mediated migration and
invasion of CRC cells. Galunisertib (HY-13226, MCE, 10 M), an inhibitor of
TGF-beta receptor I kinase was used to inhibit TGF-beta signaling 3. Tofacitinib
(HY-40354A, MCE, 2.5 M), an inhibitor of Janus kinase, was used to inhibit
JAK/STAT3 signaling.4 CRC cells were pretreated with Tofacitinib or Galunisertib for
1 h. Total protein was extracted from CRC cells cocultured with NC-CD155
macrophages or sh-CD155 macrophages in the transwell culture system. After
separation on 10% SDS-PAGE gel, proteins were transferred to PVDF membranes
and incubated with anti-MMP2 antibody (Abcam, USA), anti-MMP9 antibody
(Affinity, USA), anti-STAT3 antibody (CST), anti-p-STAT3 antibody (CST), and
anti-GAPDH antibody (CST). Then, the membranes were incubated with the
corresponding secondary antibodies, and the proteins were visualized using an ECL
kit. Protein extracted from HCT116 or CT26-monoculture was used as a negative
control.
Macrophage-CD8+ T cell coculture
Isolation of CD8+ T cells: Human PBMCs were isolated from healthy subjects via
density gradient centrifugation. Human CD8+ T cells were sorted and purified using
microbeads coated with anti-CD8 (Miltenyi Biotech, Germany). For mouse CD8+ T
cells, normal BALB/c mice (5 weeks, male, bodyweight 20-22 g) were sacrificed, and
spleens were collected to filtered through a 70 m cell strainer to prepare a single-cell
suspension. The use of mice for this experiment was approved by the Ethical
Committee of Third Affiliated Hospital of Sun Yat-Sen University, Guangzhou, China.
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Similarly, mouse mononuclear cells were obtained using lymphocyte separation
medium (DAKEWE, China), and mouse CD8+ T cells were directly isolated using
anti-CD8a microbeads (Miltenyi Biotech) according to the manufacturer’s protocol.
The isolated CD8+ T cells were identified by incubating with antibodies against
human CD8-BV510 (BioLegend, USA) or mouse CD8a-APC (BioLegend), and the
purity was measured by flow cytometry analysis.
CD8+ T cell function: The purified T-cell suspension was labeled with CFSE (5 M,
Invitrogen, USA). CD8+ T cells were seeded in a 24-well plate precoated with 1.0
g/ml anti-CD3 antibody (BioLegend, USA). NC-CD155 macrophages or sh-CD155
macrophages were resuspended in RPMI 1640 media and added to the CD8+ T-cell
culture system at a ratio of 1:1. Then, 2 g/ml anti-CD28 antibody (BioLegend, USA)
was added to the macrophage/CD8+ T cell co-culture system. After 72 h, the cells
were harvested and stained with fluorochrome-conjugated anti-CD8, IFN-, and
GZMB antibodies. Cells were sorted for flow cytometry analysis.
CRC cells-primary macrophages coculture
Isolation of monocytes: Human PBMCs were isolated from healthy subjects via
density gradient centrifugation. Human monocytes were sorted and purified using
microbeads coated with anti-CD14 (Miltenyi Biotech). The isolated cells were
cultured in RPMI 1640 medium containing 10% FBS supplemented with macrophage
colony-stimulating factor (M-CSF, 50 ng/mL; PeproTech) at 37C in 5% CO2. The
medium was replaced every 2 days, monocytes were fully differentiated into
macrophages after 7 days, and the macrophages in a stable growth state were
collected for subsequent experiments. Mouse bone marrow cells were harvested from
normal BALB/c mice (5 weeks, male, bodyweight 20-22 g). Bone marrow was
flushed out into cold PBS and then passed through a 70-m cell strainer to remove
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cell clumps and other tissues. Then, the cells were incubated with RBC lysis solution
to remove red blood cells. The harvested cells were cultured in RPMI 1640 medium
containing 10% FBS and supplemented with mouse macrophage colony-stimulating
factor (M-CSF, 50 ng/mL; Pepro Tech) for 7 days to obtain bone marrow-derived
macrophages. The proportion of macrophages was detected using flow cytometry.
CD155+ macrophage proliferation: The primary macrophages were seeded into the
lower chamber (0.4 m pore size; Corning) in a 24-well plate, and CRC cells were
resuspended in RPMI 1640 media seeded on the top of the chamber (ratio 1:1). At the
same time, M1 (100 ng/ml LPS and 20 ng/ml IFN-) and M2 (20 ng/ml IL-4 and 20
ng/ml IL-13) polarization were used as positive controls in this study. After 48 h, the
harvested human macrophages were stained with anti-human CD11b-FITC,
anti-human CD86-PerCP/Cyanine5.5, anti-human CD206-BV421, and anti-human
CD155-PE, and mouse macrophages were stained with anti-mouse F4/80-APC,
anti-mouse CD86-Briliant Violet 605, anti-mouse CD206-Briliant Violet 421, and
anti-mouse CD155-PE. Antibodies for flow cytometric analysis in this part were
purchased from BioLegend.
Cytokines detection by ELISA: CRC cells (HCT116 and CT26) and normal
intestinal epithelial cells (NCM460 and IEC-6) were cultured in RPMI 1640 medium.
To measure the concentrations of IL-4 and IL-13, cells were cultured at a density of
106/ml. After being cultured for 48 h, the culture media were collected for ELISA
analysis. The concentrations of IL-4 and IL-13 were detected by ELISA kits
(MEIMIAN, China) according to the manufacturer’s instructions.
IL-4 neutralized by a monoclonal antibody: The activity of human IL-4 is
neutralized by a mouse anti-human IL-4 monoclonal antibody (69005-1-Ig,
Proteintech, USA), and the half neutralization dose (ND50) is typically 200-500ng/ml
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according to the manufacturer’s instruction (we chose 400ng/ml for the experiments).
The mouse IL-4 is neutralized by monoclonal antibody (MAB404-100, R&D, USA),
and the ND50 is typically 100-600ng/ml according to the manufacturer’s instruction
(we chose 500ng/ml for the experiments). The primary macrophages were seeded into
the lower chamber (0.4 m pore size; Corning) in a 24-well plate, and CRC cells were
resuspended in RPMI 1640 media seeded on the top of the chamber (ratio 1:1).
Primary macrophages were pretreated with these neutralizing antibodies for 2 h and
then cocultured with CRC cells. After 48 h of incubation at 37C in 5% CO2, the
harvested primary macrophages were sorted for flow cytometry analysis.
In vivo study
Animal model: BALB/c mice (5 weeks, male, bodyweight 20-22 g) were purchased
from Yancheng Biotechnology Co., Ltd (Guangzhou, China). CD155 knockout mice
(Cd155-/-) and wild-type C57BL/6J mice (C57, 5 weeks, male, bodyweight 20-21g)
were purchased from Shanghai Model Organisms (Shanghai, China). All mice were
maintained under specific pathogen-free conditions with free access to water and a
chow diet in the animal facility. Animal experiments were performed according to the
Institutional Animal Care and Use Committee of Sun Yat-sen University. This study
was approved by the Ethical Committee of the Third Affiliated Hospital of Sun
Yat-Sen University, Guangzhou, China. To establish the subcutaneous tumor model,
each mouse was inoculated subcutaneously in the right front sub-axillary region with
tumor cells in 0.1 ml of PBS (3105 CT26 cells in BALB/c or MC-38 cells in C57).
Tumor size and mouse weight were recorded every day, and tumor volume was
calculated by the modified ellipsoidal formula as follows. Tumor volume: length 
width20.5.
Bone marrow transplant (BMT): To identify whether CD155 expressed by
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macrophages regulates antitumor immunity, BM chimeric mice were generated. C57
wild-type mice were irradiated twice (RS2000pro-225, 10 Gy), and BM cells from
nonirradiated Cd155-/- mice (2106) were injected i.v. into each irradiated mouse to
generate BM chimeric mice. After 2 weeks of BMT, mouse blood genotypes were
verified by agarose gel electrophoresis. Then, a subcutaneous tumor model was
established in BM chimeric and wild-type mice by MC-38 cells.
Genotype analysis
Total DNA was extracted from PBMCs of Cd155-/- BMT C57 mice and wild-type C57
mice using the Blood Genomic DNA Extraction Kit (Accurate Biotechnology, China)
according to the manufacturer’s instructions. For the analysis of the genotypes, PCR
was performed using a PCR mix (Dongsheng, China), and the specific primers were
listed in Supplementary Table 2. PCR products were separated using 2% agarose gel
electrophoresis.
Tumor growth analysis: After 1 week of CRC cell inoculation, the tumor volume
reached approximately 50 mm3. Then, the original macrophages in the BALB/c mice
were depleted by clodronate liposomes (F70101C-A-10) injected intraperitoneally
twice a week.5 One day after clodronate liposome injection, BALB/c mice were
injected with NC-CD155, or sh-CD155 macrophages via the tail vein (1106
macrophages in 50 l PBS, every 3 days for 7 times). The tumor volume and body
weight were recorded every 3 days. When the average tumor size reached 2,000 mm 3,
tumors were harvested for subsequent immunohistology and tumor immune
microenvironment (TIME) analysis.
Immunohistochemical and immunofluorescence staining: At the end of the
treatment, mice were sacrificed, and tumors were collected for formalin fixation to
prepare

paraffin-embedded

sections.

For

immunohistochemical

and
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immunofluorescence analysis, sections were firstly deparaffinized and rehydrated and
tissue sections were blocked with 10% BSA. Then, the sections were stained with
anti-Ki67

(Servicebio),

anti-CD31

(Servicebio),

anti-TUNEL

(Servicebio),

anti-MMP2 (Abcam), anti-MMP9 (Affinity), and anti-TGF- (Servicebio) antibodies.
Finally, the sections were observed with an optical microscope or CLSM, and 5
regions of interest were randomly selected for each group.
TIME monitoring in a mouse model: To analyze changes in immune cells in TIME,
the harvested tumors were collected, and single-cell suspension was prepared for flow
cytometry analysis. For analysis of TAMs, single-cell suspensions from tumor tissues
were stained with fluorescent-labeled anti-CD11b, CD86, CD206, CD155, and F4/80
antibodies (BioLegend). For T-cell analysis, single-cell suspensions from tumor
tissues were stained with fluorescent-labeled anti-CD3, CD4, CD8, IFN-, and GZMB
antibodies (BioLegend). Cells were sorted for flow cytometry analysis. MMPs and
TGF- from tumor tissues were determined by IHC, and the expression pattern of
pSTAT3/STAT3 in tumor tissue was assessed by western blot assay.
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Figure S1 Gating strategies to investigate percentages of various immune cells in
samples. (A) CD155+, CD86+, and CD206+ cells were gated from CD11b+CD68+
cells in samples, and inhibitory receptors and cytokines were gated from
CD68+CD155+ or CD68+CD155- cells. (B) CD8+ and CD4+ T cells were gated from
CD3+ T cells.
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Figure S2 Human CRC tissues showed a higher number of CD155+ TAMs
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compared to adjacent normal intestinal tissues. (A) quantitative analysis of CD155
expression on macrophages using MFI. Quantification of CD155 (B), and CD68 (C)
positive

cells

from

immunofluorescence

images.

(D)

Representative

immunofluorescence images of the adjacent normal intestine and CRC tissue showed
CD155 and CD68 expression patterns. Scale bar: 50 m. (E) Representative
microscopic images of normal or tumor sections showed morphology (H&E staining),
CD155 (IHC), CD68 (IHC), and TGF- (IHC). Scale bar: 50 m. Quantification of
CD155 (F), CD68 (G), and TGF- (H) positive cells from immunohistochemical
images. Data were presented as mean ± SD, n=3. A significant difference between the
groups, *p<0.05, **p<0.01, ***p<0.001, ****p<0.0001.
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Figure S3 The percentage of CD155+ TAMs negatively correlated with CD8+ T
cells in CRC tissues. Correlation analysis of the percentage of CD155+ TAMs with
CD8+ T cells (A), CD4+ T cells (B), and the CD8+/CD4+ T cell ratio (C) in human
CRC tissues (n=27). (D) Representative immunofluorescence images of the adjacent
normal intestine and CRC tissues showed CD4 and CD8 expression patterns. Scale
bar: 50 m. Quantification of CD4 (E), and CD8 (F) positive cells from
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immunofluorescence images. Data were presented as mean ± SD, n=3. A significant
difference between the groups, **p<0.01, ***p<0.001.

Figure S4 Metastasized lymph nodes showed a higher number of CD155+ TAMs.
(A and B) CD155 expression pattern in TAMs of the primary tumor and metastasized
lymph node. Data were presented as mean ± SD, n=3. A significant difference
between the groups, **p<0.01.

Figure S5 CD155+ TAMs were negatively associated with the survival of patients.
(A and B) Representative microscopic images of CD155 low expression and CD155
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high expression (IHC). Scale bar: 50 m. (C) Statistical analysis of CD155 expression
in CRC patients. (D) Statistical analysis of CD155 expression in relapsed and
non-relapsed CRC patients. (E) Statistical analysis of CD155 expression in survival
and dead CRC patients. (F) Kaplan-Meier analysis of progression-free survival
according to low and high CD155 expression in 141 CRC patients. Data were
presented as mean ± SD. A significant difference between the groups, ****p<0.0001.
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Figure S6 The THP-1 and RAW264.7-derived macrophages showed higher
expression of CD155 compared with human PBMC-derived macrophages and
mouse bone marrow-derived macrophages, respectively. (A) Representative
microscopic images of THP-1 cells and THP-1-derived macrophages. (B) CD68
expression in THP-1-derived macrophages assessed by FACS analysis. (C and D)
CD155 expression pattern in human PBMC-derived macrophages and THP-derived
macrophages, and mouse bone marrow-derived macrophages and RAW264.7-derived
macrophages. (E) FACS analysis showed the transfection success rate of NC-CD155
and sh-CD155 in THP-1 cells. (F) FACS analysis showed the transfection success rate
of NC-CD155 and sh-CD-155 in RAW264.7 cells. (G) Cytotoxicity of puromycin to
THP-1 cells determined by CCK-8 in vitro. (H) Cytotoxicity of puromycin to
RAW264.7 cells determined by CCK-8 in vitro. Date were presented as mean ± SD,
n=3.
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Figure S7 CD155 level in mouse macrophages regulated the phenotypic
transition. Expression pattern of CD155 in RAW264.7, NC-CD155 transfected
RAW264.7 (mCD155+), and sh-CD155 transfected RAW264.7 (mCD155-) cells
analyzed by FACS (A), RT-qPCR (B), and Western blot analysis (C and D). (E) CD86
expression pattern in LPS+INF--treated mCD155+ and mCD155- macrophages. (F)
CD206 expression pattern in IL-4+IL-13-treated mCD155+ and mCD155macrophages (gated on F4/80+ cells). Data were presented as mean ± SD, n=3. A
significant difference between the groups, *p<0.05, and **p<0.01.
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Figure S8 CD155+ macrophages (RAW264.7-derived) promoted the migration
and invasion of CRC cells. The migration (A), invasion (B), cell cycle status (C),
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apoptosis (D), and proliferation rate (E) of CRC cells (CT26) during cocultured with
mCD155+ or mCD155- macrophages. Scale bar: 100m. (F and G) MMPs expression
determined in CRC cells during cocultured with mCD155+ or mCD155- macrophages.
(H) Expression pattern of MMPs and pSTAT3/STAT3 in CRC cells during cocultured
with mCD155+ or mCD155- macrophages with or without inhibition of STAT3 or
TGF- signaling. Data were presented as mean ± SD, n=3. A significant difference
between the groups, *p<0.05, **p<0.01, and ***p<0.001, ****p<0.0001. ns: no
significant difference. Tofacitinib (2.5M): JAK/STAT3 signaling inhibitor,
Galunisertib (10M): TGF- signaling inhibitor.
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Figure S9 Quantification of proliferation or relative protein expression.
Quantification of the proliferation rate in, (A) HCT116 cells from Figure 3E, and (B)
CT26 cells from Figure S8E. Quantification of MMPs and pSTAT3/STAT3 protein
expression in, (C) HCT116 cells from Figure 3H, and (D) CT26 cells from Figure
S8H. Data were presented as mean ± SD, n=3. A significant difference between the
groups, *p<0.05, **p<0.01, ***p<0.001, and ****p<0.000. ns: no significant
difference. Tofacitinib: JAK/STAT3 signaling inhibitor, Galunisertib: TGF- signaling
inhibitor.
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Figure S10 CD155+ macrophage-produced TGF- promoted the migration and
invasion of CRC cells possibly via activation of STAT3/MMPs signaling cascade.
HCT116 cell migration (A), and invasion (B), during cocultured with hCD155+

Zhu X, et al. J Immunother Cancer 2022; 10:e004219. doi: 10.1136/jitc-2021-004219

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

macrophages or hCD155- macrophages with or without inhibition of STAT3 or TGF-
signaling. CT26 cell migration (C), and invasion (D), during cocultured with
mCD155+ macrophages or mCD155- macrophages with or without inhibition of
STAT3 or TGF- signaling. Scale bar: 100 m. Data were presented as mean ± SD,
n=3. A significant difference between the groups, *p<0.05, **p<0.01, ***p<0.001,
and ****p<0.0001. Tofacitinib: JAK/STAT3 signaling inhibitor, Galunisertib: TGF-
signaling inhibitor.
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Figure S11 Purification of CD8+ T cells or CD14+ cells. (A and B) Human CD8+ T
cells were purified from peripheral blood mononuclear cells (PBMCs) using
immunomagnetic beads. (C and D) Mouse CD8+ T cells were purified from the
splenocytes of normal mice using immunomagnetic beads. (E and F) Human CD14+
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cells purified from PBMCs using immunomagnetic beads. Data were presented as
mean ± SD, n=3. A significant difference between the groups, ****p<0.0001.

Figure S12 CD155 level in mouse macrophages regulated CD8+ T cell
proliferation and function. (A and B) The proliferation rate of CD8+ T cells during
cocultured with mCD155+ or mCD155- macrophages. Expression pattern of IFN- (C
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and D), and GZMB (E and F) in CD8+ T cells during cocultured with mCD155+ or
mCD155- macrophages (gated on CD8+ cells). (G and H) Apoptosis rate of CD8+ T
cells during cocultured with mCD155+ or mCD155- macrophages. Data were
presented as mean ± SD, n=3. A significant difference between the groups, *p<0.05,
**p<0.01, ***p<0.001, and ****p<0.0001. ns: no significant difference.
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Figure S13 Mouse CRC cells (CT26) regulated CD155 expression in
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macrophages. (A) Microscopic images of differentiating macrophages from mouse
bone marrow-derived cells. Scale bar: 50 m. (B) F4/80 expression pattern during
macrophagic differentiation of bone marrow cells. CD155 expression (C), CD206
expression (D), and CD86 expression (E), in macrophages during cocultured with
CRC cells or M1 (LPS+IFN--treated) and M2 (IL4+IL13-treated) polarization (gated
on F4/80+ cells). (F-H) Statistical analysis of CD155 expression, CD206 expression,
and the ratio of CD206 to CD86 in macrophages during cocultured with CRC cells or
M1 (LPS+IFN--treated) and M2 (IL4+IL13-treated) polarization. Data were
presented as mean ± SD, n=3. A significant difference between the groups, ##p<0.01
and ###p<0.001, and compared to M0 group *p<0.05, ** p<0.01, and ****p<0.0001.
ns: no significant difference.
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Figure S14 CD155 expression pattern was not altered during macrophagic
differentiation. (A and B) CD155 expression pattern during macrophagic
differentiation of human PBMC-derived monocytes. (C and D) CD155 expression
pattern during macrophagic differentiation of mouse bone marrow-derived cells. Data
were presented as mean ± SD, n=3. ns: no significant difference.
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Figure S15 CRC cells (HCT116 and CT26) overexpressed IL-4 compared with
normal intestinal epithelial cells (NCM460 and IEC-6). Expression pattern of
hIL-4 (A), and hIL-13 (B), in HCT116 and NCM460 cells analyzed in conditioned
culture medium by ELISA. Expression pattern of mIL-4 (C), and mIL-13 (D) in CT26
and IEC-6 cells analyzed in conditioned culture medium by ELISA. (E and F) CD155
expression in human macrophages during cocultured with HCT116 cells with or
without anti-IL-4 antibody treatment (400 ng/ml). (G and H) CD155 expression in
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mouse macrophages during cocultured with CT26 cells with or without anti-IL-4
antibody treatment (500 ng/ml). Data were presented as mean ± SD. **p<0.01, ns: no
significant difference.

Figure S16 CD155-/- BMT inhibited tumor progression in the mouse ectopic CRC
model. (A and B) CD155+ TAMs expression in tumor tissues from wild-type and
CD155-/- BMT groups. (C-E) Statistical analysis of MMP2, MMP9, and TGF- in
tumor tissue from Figure 7O. (F) Statistical analysis of pSTAT3/STAT3 in tumor
tissue from Figure 7P. Data were presented as mean ± SD, n=5. A significant
difference between the groups, ***p<0.001, and ****p<0.0001. ns: no significant
difference.
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Figure S17 Clodronate liposome injections depleted macrophages in the mouse
spleen. (A and B) Percentage of macrophages in the spleen of control and clodronate
liposome injected mice. Data were presented as mean ± SD, n=3. A significant
difference between the groups, ***p<0.001.

Zhu X, et al. J Immunother Cancer 2022; 10:e004219. doi: 10.1136/jitc-2021-004219

Supplemental material

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
placed on this supplemental material which has been supplied by the author(s)

J Immunother Cancer

Figure S18 CD155+ macrophages promoted tumor growth in the mouse ectopic
CRC model. (A) Schematic illustration of in the vivo study. (B) Macroscopic images
of tumor tissues from CD155+ or CD155- macrophage-injected mice. Quantitative
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analysis of tumor volume (C), tumor weight (D), and mouse body weight (E). (F)
Representative microscopic images of tumor tissue sections showed tumor
morphology (H&E staining), cell proliferation (Ki-67 IHC), apoptosis (TUNEL), and
blood vessels (CD31 IHC). Scale bar: 50 m. (G) Quantitation of the proliferation
rate, apoptosis rate, and blood vessels in tumor tissue sections. Data were presented as
mean ± SD, n=6. A significant difference between the groups, **p<0.01 and
***p<0.001.
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Figure S19 CD155+ macrophages suppressed the anti-tumor immune response in
the mouse ectopic CRC model. Number of CD8+ and CD4+ T cells (A-C), and
CD8+/CD4+ T cell ratio (D) in mouse tumor tissues examined by flow cytometry
(gated on CD3+ cells). (E) Representative immunofluorescence images of CD4 and
CD8 expressing cells in tumor tissues. Scale bar: 50 m. Quantification of CD4 (F),
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and CD8 (G) positive cells from immunofluorescence images. Expression pattern of
CD206 (H and I), and CD86 (J and K), in TAMs of CD155+ and CD155macrophage-injected mice. Data were presented as mean ± SD, n=6. A significant
difference between the groups, *p<0.05, **p<0.01, and ***p<0.001. ns: no significant
difference.
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