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 Programmed cell death protein 1 (PD-1) is an immuno-inhibitory cell surface

receptor protein of the myeloid, and lymphoid cell. PD-L1 is the ligand of PD-1, 

which is abundant in different malignant tissue e.g. skin, colon and breast cancer. 

PD-1/PD-L1 interaction helps the tumour cell to escape from the immune 

response by limiting TCR mediated T lymphocytes proliferation. Recently, PD-1 or 

PD-L1 blocking immunotherapy proved their efficacy in the treatment of different

cancers. However, PD-1/PD-L1 interaction is well studied in T lymphocytes, but 

little is known about its function in tumour-associated macrophages (TAMs). In 

the tumour microenvironment, phagocytosis by TAMs plays a vital role in the 

immune response. In this review, the significance of PD-1 expression by TAMs and 

how it influences tumour immunity will be discussed. Recently, it has been found 

that PD-1 can express by TAMs and its expression level is directly related to

duration and stages of colon cancer. TAMs expression of PD-1 was shown to be 

related to significant depletion of cancer cell phagocytosis. Monoclonal antibody 

against either PD-1 or PD-L1 in mice model of colon cancer promotes tumour cell 

phagocytosis by TAMs, thereby limiting the growth of the tumour and increase

life expectancy. Therefore, PD-1 can be a promising target in macrophage-

mediated immune therapy. 
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INTRODUCTION 

Colorectal cancer is the third most common cancer worldwide and responsible for

about 8.5% of all cancer-related death every year (1). There are several factors 

such as increasing age, obesity, high fat diet, alcohol intake, cigarette smoking,

physical inactivity are related to colorectal cancer (2). A positive family history of 

colorectal cancer and pre-existing inflammatory bowel disease or adenomatous 

polyp also make a person prone to develop colorectal cancer (2). The complex 

pathogenesis of colorectal cancer begins with the formation of adenomatous 

polyp of sporadic origin with epithelial dysplasia of intestinal crypts (3). This 

dysplastic change of intestinal epithelium is the result of mutation of several 

oncogenes such as KRas, c-myc, β-catenin and loss of some tumour suppressor 

gene, especially APC (3, 4). Depletion of APC causes a rapid loss of various cellular 

constituent of intestinal epithelial cell and ultimately damage the defensive 

epithelial barrier (5). So intestinal microbiota gets access to invade colonic mucosa
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and established an inflammatory microenvironment by producing IL17, IL23 like pro-inflammatory cytokines (5). So, 

inflammation has a significant contribution to the pathogenesis of colorectal cancer (3, 4). In this inflammatory 

microenvironment, both innate and adaptive immunity are equally responsible to produce an immune response (6). Immune 

response in tumour microenvironment depends on the types of immune cell that involved to develop response as well as 

their location and abundancy (6). Macrophages in the tumour microenvironment, well known as tumour associated 

macrophage (TAMs) are the most abundant innate immune cell (6). They can enhance tumour progression by promoting 

angiogenesis, tumour cell invasion, migration and intravasation (7). They also suppress antitumor immune responses 

through the expression of several different immune-inhibitory checkpoint receptor protein (7). Also, the abundance of TAMs 

in the tumour microenvironment is closely related to the fatal outcome of colorectal cancer in the experimental model (3). 

The Previous study proposed that tumour cell phagocytosis by TAMs had decreased because of interaction between SIRPα 

and CD-47 (8). SIRPα, a receptor protein of macrophages, is activated after binding with transmembrane protein CD-47 of 

tumour cells (8). This interaction initiates a cascade of signal transduction to inhibit phagocytosis of tumour cell by TAMs (8). 

Thus SIRPα/CD-47 interaction is considered as a major inhibitory check-point of the immune response in tumour immunity 

(8). Besides this, TAMs also express PD-1 receptor, which is also considered as an immune-suppressive checkpoint of tumour 

immunity (9). PD-1 is a receptor protein of the CD28 family and performs a vital role in the escape of tumour cells from an 

immune response (9). PD-1 consists of an extracellular region resembles the variable domain of immunoglobulin and a 

cytoplasmic region of a tyrosine-based immune-suppressive receptor motif (10). The extracellular part of PD-1 is structurally 

closely related to CTL-associated antigen 4 (CTLA-4), which performs a significant role in T lymphocytes homeostasis after 

binding with its ligand B7-1 and B7-2 (10). Because of this structural similarity, it has been hypothesized that ligand for PD-1 

also belongs to the B7 protein family (10). Between two subtypes of this ligand, there is higher expression PD-L1 has been 

found in skin, lung, ovarian and several different human cancers (11). Also in squamous cell carcinoma, adenocarcinoma of 

colon and breast, PD-L1 overexpression is reported which helps tumour cells to escape lysis by the cytotoxic T cell (12). On 

the other hand, PD-L2 is highly expressed in different variety of B cell lymphoma (11). PD-1 when binds with its ligand PD-L1 

in tumour cell can restrain T lymphocytes immune function through suppression of proliferation, survival and cytotoxic 

activity of effector T cell (13). This also promotes apoptosis of tumour-specific T cell and differentiation of CD4
+
 T cells into 

Foxp3
+
 regulatory T cells (9). Monoclonal antibodies against PD-1 has already shown efficacy in the treatment of melanoma, 

refractory Non-Hodgkin’s lymphoma, renal cell carcinoma, colorectal cancer and non-small-cell lung cancer clinically (14). It 

is well studied that how the PD-1/PD-L1 pathway suppresses T lymphocyte activity but little is known about its role in TAMs. 

In gastric adenocarcinoma and NSCLC, TAMs infiltration is associated with the upregulated expression of PD-L1 in both 

tumour cells and immune cells (15, 16). A recent study reported that PD-1 can be expressed by tumour-associated 

macrophages in colon cancer to suppress tumour cells phagocytosis and can play a harmonious role along with SIRPα/CD-47 

as a check-point of the immune response (17). 

EXPRESSION OF PD-1 BY TUMOUR-ASSOCIATED MACROPHAGES IN  
COLON CANCER 

Both PD-1 and its ligand has been overexpressed in some aggressive variety of solid tumours such as Breast, Colon and NSCL 

cancer in human and can suppress immunomodulatory T cell activation (18). Ultimately this PD-1 facilitate cancer 

progression and related to worse prognosis (19). PD-1/PD-L1 pathway also has a significant role in infection and 

autoimmunity (20). Increased expression of PD-1 on the surface of initially activated T lymphocytes can suppress the 

autoimmune response by limiting proliferation and cytokines production of self-reactive T cell (20). During chronic infections, 

there is a higher expression of PD-1 by T lymphocytes, which upon engaging with its ligand suppress proliferation of T cells, 

called exhausted T lymphocytes (20). Blockade of either PD-1 or its ligand helps T lymphocytes to regain their ability to 

proliferate and to perform cytotoxic functions via cytokines production (21). In sepsis, peritoneal macrophages also express 

PD-1 in a large number and contribute in pathogenesis of sepsis (22). But in the tumour microenvironment, PD-1 expression 

by macrophages was not well studied. To study PD-1 expression by macrophages Gordon, et al. introduced CT26 colon 

cancer cell in immunocompetent BALB/c mice (17). FACS analysis of tumour tissue after successful engraftment had shown, 
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around 50% of tumour-associated macrophages were PD-1
+
. But PD-1 expression was insignificant in blood monocytes and 

other tissue macrophages (e.g. spleen). To confirm this high PD-1 expression, immunofluorescence assay of FACS sorted 

TAM had revealed a large number of cells expressed both PD-1 and macrophage marker CD68. Also in human colorectal 

cancer tissue, the number of PD-1
+
 TAMs was much higher compared to PD-1

-
 TAMs. Moreover, PD-1 expression by TAMs 

was not static. In mice model, PD-1 showed time and tumour size-dependent augmentation in its expression. Also in samples 

of human colon cancer, PD-1 expression by TAMs was related to stages of disease (17). 

PD-1
+
 TUMOUR-ASSOCIATED MACROPHAGES ARE MOSTLY  

PRO-TUMOUR M2 SUBTYPE 

Based on tissue microenvironment macrophages can differentiate into the distinct subtype with distinct function (23). M1 

(pro-inflammatory) macrophages can enhance immune response but M2 (anti-inflammatory or pro-tumour) subtype 

suppressed inflammatory response by inhibiting the function of effector T cell (23). FACS analysis of TAMs, obtained from 

CT26 tumour of mice demonstrated that typical markers of TAMs, CD11b and F4/80 was equal in both PD-1
+
 cell and their 

counterpart. But PD-1
+
 TAMs were mostly M2 type, as they demonstrate M2 macrophage marker profile (more CD206, 

CD11c and less MHC II). On the other hand PD-1
-
 TAMs had an aptitude to express M1 marker profile (low CD206 and high 

MHC II). Also in the human sample of colon cancer, a large proportion of PD-1
+
 TAMs was M2 or pro-tumour type (17). It is 

evident from the previous study that M2 macrophages influence tumour growth, invasion and metastasis significantly and 

can make worse prognosis (23). M2 macrophages can produce matrix metalloproteinases (MMP), that can breakdown the 

endothelial basement membrane and facilitate tumour cell invasion and metastasis (24). M2 cells also promote angiogenesis 

by producing vascular endothelial growth factors (25). 

 

CD4 is a well-known T cell marker but also found on the myeloid cell e.g. in macrophages (26). Tumour-associated 

macrophages can also express CD4 on their surface which was confirmed by CD68 and CD4 co-expressing TAMs on 

immunofluorescence staining. Also, CD4 expression is significantly higher in PD-1
+
 TAMs in both mice and human colon 

cancer tissue compared to its counterpart (17). 

ORIGIN OF PD-1
+
 TAMs AND THEIR MORPHOLOGY 

Being a part of the mononuclear phagocytic system, macrophage was previously considered as a sole derivative of circulating 

blood monocytes (27). But some recent studies have challenged this concept with a proposal that macrophages arise from its 

embryonic progenitors of yolk sac in homeostatic condition (28). Studies come with the hypothesis that macrophages have 

local self-renewal capacity without contribution from blood monocytes (29). But in the intestine, macrophages are solely 

derived from blood monocytes because of its continual exposure to external stimuli (30). Also when there is infection or 

tissue damage, classical monocytes can readily involve in developing macrophages in all tissues (30). To determine the 

predecessor of TAMs in the inflammatory microenvironment of colon cancer, bone marrow transplantation model had been 

used. RFP
+
 C57BL/6 mice (donor) bone-marrow were transplanted into GFP

+
 C57BL/6 mice (host) after irradiation and later 

successful engraftment were confirmed by chimaerism of the donor myeloid cell, lymphoid cells and granulocyte in host 

blood. Then colon cancer cell, MC38 was introduced into the host mice and FACS analysis of tissue from established colon 

cancer revealed that a large proportion of PD-1
+
 TAMs originated from RFP

+
 donor bone marrow, not from tissue- habitant 

immune cells of host (17). So, they hypothesized that bone-marrow-derived macrophages are liable for the time-dependent 

increment of PD-1
+
 TAMs in the cancer microenvironment, not the tissue-resident macrophages (17). PD-1

+
 TAMs are 

morphologically different from PD-1
-
 TAMs. On Giemsa staining, PD-1

+ 
TAMs look large and foamy due to the presence of 

lysosome and phagosome filled with enormous, uncleaned phagocytic materials (17).  
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PD-1
+
 TAMs INHIBIT PHAGOCYTOSIS OF TUMOUR CELL 

Being a receptor protein of different immune cell, PD-1 has an exclusive role in immune escape of tumour cell (17). Some 

studies demonstrated that PD-1/PD-L1 signaling can suppress TCR-mediated proliferation of T cells and can downregulate 

co-stimulatory CD3/CD28 signal. Also, TCR and CD28 mediated signal strength if strong, it can inhibit the functional 

consequences of the PD-1/PD-L1 interaction (10). Moreover, PD-1 expression by TAMs can influence phagocytosis of tumour 

cell confirmed by both in vitro and in vivo study (17). An ex vivo phagocytosis assay of TAMs obtained from same CT26 

tumour model that we discussed earlier, revealed that phagocytosis of GFP
+
  Staphylococcus aureus bioparticles by PD-1 

expressing TAMs was much less in contrast to its counterpart (17). In vivo study, BALB/c Rag2−/−/Ilrg−/− immunocompromised 

mice had been used, which can express PD-1 on TAMs as like immunocompetent mice. They generated two subsets of CT26 

cell having YFP, one with overexpressed PD-L1 to agonize PD-1 signaling and the other with knockout PD-L1 and engrafted 

into mice. After three weeks total phagocytosis level was evaluated by the percentage of YFP
+
 TAMs. In PD-L1 overexpression 

group, PD-1 expressing TAMs had less phagocytic potency compared to PD-1
-
 TAMs phagocytosis and inversely related to 

total phagocytosis level. But upon removal of PD-L1 (PD-L1 knockout group), PD-1
+
 TAMs had significant improvement in 

phagocytic potency, where there was no change in PD-1
-
 TAMs phagocytic ability. So, removal of PD-L1 can surpass the 

inhibitory impact of PD-1 on phagocytosis by TAMs. Moreover, tumour size was relatively smaller in PD-L1 knockout group 

compared to the opposite group because of improved phagocytosis by TAMs (17). 

IMPROVED PHAGOCYTIC POTENCY OF TAMs UPON PD-1 AXIS BLOCKADE 

PD-L1 or PD-1 (PD) blockade is a highly potential therapeutic strategy and has provided sustainable anti-tumour effect and 

prevent recurrence of different malignancy for a long time in several clinical trials (14). Among them, melanoma, lymphoma 

and bladder cancer were most responsive to PD-1 pathway occlusion therapy (14). This is not only because of overcoming T 

cell-mediated immune suppression (14) but also because of restoring the phagocytic potency of TAMs (17). To inhibit the 

PD-1/PD-L1 interaction, they introduced either antibody to mouse PD-1 or HAC (a tiny protein with PD-L1 blocking property) 

in DLD-1 xenograft NSG mice having PD-1
+
 TAMs. To abstain any anti-tumour effect by the interaction between the cancer 

cell of mouse and antibody to mouse PD-1, here they engrafted human colon cancer cell DLD-1. DLD-1 cell can express both 

PD-L1 and GFP-luciferase. Three weeks later, removed tumour size was significantly small in the experimental group 

compared to control, because of improved phagocytosis by TAMs. Only TAMs PD-1/PD-L1 axis was targeted by these 

inhibitors (anti-PD-1 antibody or HAC) as TAMs depletion with anti-CSF1R treatment abolished the effect of inhibitors. 

Removal of PD-L1 can reduce tumour size by promoting phagocytic potency of PD-1
+
 TAMs (17). This suggests that the 

PD-1/PD-L1 axis is an antagonist of TAMs phagocytic efficacy (17). Therefore, tumour immunity can be intensified with the 

suppression of either PD-1 or its ligand in TAMs (17). Also, PD pathway blockade therapy has less Immune-related toxicities 

compared to other immune blockade strategies such as cytotoxic T lymphocyte antigen-4 (CTLA-4) occlusion therapy. So, 

PD-1 blockade therapy considered as a potential treatment option in cancer immune therapy (14). 

INTERACTION BETWEEN PRE-EXISTING ANTI-CD47 THERAPY AND PD-1 
AXIS BLOCKADE THERAPY 

SIRP-α/CD-47 is considered as a principle immune regulatory checkpoint on macrophage in tumour immunity and CD-47 

targeted therapy is in the clinical trial (8). Moreover, PD-1/PD-L1 targeted therapy can potentiate the efficacy of pre-existing 

anti-CD-47 therapy (17). To demonstrate this, DLD xenograft NSG mice were treated with PBS (control), anti-CD-47, HAC, 

both HAC and anti-CD-47 in four separate groups. Though HAC and anti-CD47 single therapy individually can suppress 

tumour growth, combined therapy was more effective than monotherapy in reducing tumour size and increasing survival of 

mice model (17). 
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CLOSING REMARKS 

In conclusion, PD-1 is not only an immune-inhibitory receptor of T cell but also in tumour- associated macrophages its expre

ssion is high and increases with disease stage. PD-1
+
 TAM has a distinct surface marker profile, morphology and less phagoc

ytic potency compared to its counterpart. Also, inhibition of PD-1/PD-L1 interaction can enhance phagocytosis by PD-1
+
 TA

Ms. Understanding the role of PD-1 expressed by TAMs may facilitate to develop a new therapeutic target in cancer immun

e therapy. 
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