
Letter to the Editor

TO THE EDITOR
Immune checkpoint blockade (ICB) targeting pro-

grammed death 1 (PD-1)/programmed death ligand 1 (PD-
L1) and cytotoxic T-lymphocyte-associated antigen 4 
(CTLA-4) has become a promising approach as anti-cancer 
immunotherapy.1   At first, anti-PD-1 therapy and anti-
CTLA-4 therapy were approved for patients with advanced 
melanoma; since then, anti-PD-1 therapy has been shown to 
be effective for several solid tumors, such as non-small-cell 
lung cancer (NSCLC), renal cell carcinoma, urothelial carci-
noma, head and neck squamous cell carcinoma (SCC), 
esophageal SCC, gastric adenocarcinoma, and triple-negative 
breast carcinoma.2,3   In terms of hematological malignancies, 
anti-PD-1 therapy showed a high clinical response rate in 
Hodgkin lymphoma patients, and ICB became a standard 
therapy for Hodgkin lymphoma.4   The potential clinical ben-
efit of anti-PD-1 therapy has also been reported in Richter 
transformation of chronic lymphocytic leukemia and diffuse 
large B-cell lymphoma.5,6   CTLA-4 is expressed on 
T-lymphocytes and competitively inhibits the binding of 
CD28 to costimulatory molecules, such as CD80 and CD86.   
Alternatively, PD-1 ligands are expressed not only on cancer 
cells, but also on immune cells.   Among immune cells, anti-
gen-presenting cells, such as macrophages and dendritic 
cells, express high levels of PD-1 ligands.7,8   Regarding the 
sites where immune checkpoint molecules work, it is now 
considered that CTLA-4 acts as a negative regulator of the 
initial activation of T cells in regional lymph nodes, i.e., inhi-
bition at the induction phase, and PD-1 ligands suppress 
T-cell activation in the tumor microenvironment, i.e., inhibi-
tion at the effector phase.2   However, some studies using ani-
mal cancer models have revealed that anti-PD-1/PD-L1 ther-
apy exerts effects at regional lymph nodes.   In 2003, Curiel 
et al. showed that PD-L1 was overexpressed in myeloid den-
dritic cells (CD11c+ and MHC-class II+) in cancer-bearing 
mice, and blockade of the PD-1/PD-L1 interaction enhanced 
dendritic cell-mediated T-cell activation.9   Recently, Fransen 
et al. showed that PD-L1 expression was significantly ele-
vated in myeloid cells (CD11b+) in lymph nodes, and anti-
PD-1 therapy induced T-cell activation and proliferation in 
lymph nodes using an animal model.10   They also demon-
strated that the resection of draining lymph nodes completely 
abrogated anti-tumor immune responses induced by PD-1/
PD-L1 blockade therapy.   These data indicated that not only 

CTLA-4 but also PD-1/PD-L1 works as a negative regulator 
at regional lymph nodes, main sites for the induction of anti-
tumor T cells.

Despite laborious search using PubMed, we have never 
been able to find an image on PD-L1 expressi in human 
lymph nodes.   However, we recently reported that macro-
phages detected in the tumor microenvironment and regional 
lymph nodes of human samples were positive for PD-L1.11,12   
Therefore, in the present letter, we would like to introduce our 
data on PD-L1-positive cells in lymph nodes resected from 
patients with colon cancer.   PD-L1 expression was seen in 4 
of 4 cases, and images from a case in which the strongest pos-
itive signals were detected are presented (Figure 1).   High 
PD-L1 expression was seen on dendritic cells (Iba1+, CD163-, 
CD169-), whereas weak to moderate expression was seen on 
sinus macrophages (Iba1+, CD163+, CD169+).   Sinus macro-
phages are divided into capsular sinus macrophages and med-
ullary sinus macrophages, and PD-L1 expression was seen on 
both cell types (Figure 1).   Lymphocytes in lymph nodes 
were negative for PD-L1.   CD8-positive lymphocytes were 
detected in both follicle areas and sinus areas, suggesting a 
direct interaction between T-lymphocytes and antigen-pre-
senting cells (Figure 1).   These observations suggest that the 
efficacy of anti-PD-1/PD-L1 blockade therapy is, at least par-
tially, ascribed to T-lymphocyte activation in regional lymph 
nodes in cancer patients, as seen in mice models.

Many researchers are now trying to identify markers and 
factors that can be used for prediction of the responsiveness 
to ICB therapy.   In NSCLC and head and neck SCC, higher 
response rates were seen in cases with PD-L1-positive cancer 
cells.14-16   In urothelial cancer and breast cancer, higher 
response rates were seen in cases with PD-L1-positive cancer 
cells and immune cells in the cancer tissue.17,18   In contrast, 
the PD-L1 expression status was not associated with the clin-
ical response to anti-PD-1/PD-L1 therapy in some other can-
cers, including lung SCC, melanoma, and renal cell carci-
noma.17,18   Given that there is no study on the correlation 
between immune activation status in lymph nodes and the 
efficacy of ICB therapy so far, it would be of great interest to 
assess the immune activation status or PD-L1 expression in 
the regional lymph nodes of cancer patients.

Although dendritic cells, macrophages and B cells can 
work as antigen-presenting cells, their roles are somewhat 
different.   Dendritic cells primarily present antigen to naïve 
T cells as an induction phase of immune response, whereas 

PD-L1 expression in regional lymph nodes and predictable 
roles in anti-cancer immune responses
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macrophages and B cells present it to antigen-primed T cells 
as an initiation of the effector phase.19   In terms of their roles 
in lymph nodes, dendritic cells play a central role in the prim-
ing of naïve T cells to tumor antigens,20 whereas it has not 
been fully elucidated regarding roles of macrophages and B 
cells as antigen-presenting cells.   However, several studies 
revealed that macrophages in lymph nodes can work as anti-
gen-presenting cells in animal studies.   In 2011, Asano et al. 
found that CD169-positive subcapsular sinus macrophages 
were involved in antigen presentation and the induction of 
cytotoxic T-lymphocytes.21   In 2015, Benhard et al. demon-
strated that not only dendritic cells, but also CD169-positive 
sinus macrophages induced anti-cancer immune responses.22   
Strömvall et al. reported that the reduction of CD169 in pre-
metastatic regional lymph nodes was associated with lymph 
node metastasis in a rat model, and they additionally showed 
that a high expression level of CD169 was a favorable prog-
nostic factor in patients with prostatic cancer.23   The correla-
tion between a high CD169 expression level in sinus macro-
phages and a better clinical course has been reported in 
several solid tumors, including melanoma, colorectal cancer, 
endometrial cancer, esophageal cancer, and bladder 

cancer.13,24-26   A correlation between anti-cancer immune 
responses and high CD169 expression has been suggested in 
these tumors.   In addition to dendritic cells, sinus macro-
phages in regional lymph nodes are closely associated with 
anti-cancer immune responses since they engulf dead cells 
and debris from tumor tissues (Figure 2).   These antigen-pre-
senting cells express PD-L1 (and potentially PD-L2), which 
negatively regulates activation of T-lymphocyte.   Therefore, 
their expression of PD-L1 in regional lymph nodes would be 
worthy of attention in patients who will receive the ICB ther-
apy targeting the interaction of PD-1/PD-L1 interaction, as is 
the case with tumor tissues.
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Fig. 1. Histology of the lymph node. Hematoxylin and eosin (H.E.) staining and immunohistochemistry of PD-L1 (clone 22C3, DAKO, 
Glostrup, Denmark), CD8 (clone C8/144B, Nichirei, Tokyo, Japan), Iba1 (clone NCNP27, WAKO, Tokyo, Japan), CD163 (clone 10D6, 
Abcam, Cambridge, UK), and CD169 (clone SP216, Abcam Cambridge, UK) are shown. The immunohistochemistry procedures were 
described in a previous report.13   Subcapsular and medullary sinus macrophages that were positive for Iba1, CD163, and CD169 were also 
positive for PD-L1. Dendritic cells that were positive for Iba1 and negative for CD163 and CD169 strongly expressed PD-L1. CD8-positive 
T-cells were more commonly detected in areas in which antigen-presenting cells were seen.
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Fig. 2. Schema of the anti-cancer immune response associated with regional lymph nodes. Dead cells and debris, including 
tumor-specific antigens, drain into the lymph node sinus via lymphatic vessels (LVs). Antigen-presenting cells, such as macro-
phages and dendritic cells, capture and engulf these antigens, then activate the antigen-reactive T-lymphocytes. PD-L1 (and 
potentially PD-L2 as well) expressed on antigen-presenting cells might negatively regulate T-lymphocyte activation.
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