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Abstract
Sinus macrophages in draining lymph nodes (DLNs) are involved in anti-tumor im-
mune reactions. CD169 (Sialoadhesin, Siglec-1) is expressed on sinus macrophages 
and is considered a surrogate marker for the immunostimulatory phenotype of mac-
rophages. In this study, the significance of sinus macrophages in immunotherapy was 
evaluated using mouse models. Treatment with anti-programmed death-ligand 1 (PD-
L1) antibody suppressed the subcutaneous tumor growth of MC38 and E0771 cells but 
was not effective against MB49 and LLC tumors. Decreased cytotoxic T-lymphocyte 
(CTL) infiltration in tumor tissues and CD169 expression in sinus macrophages were 
observed in MB49 and LLC cells compared to corresponding parameters in MC38 and 
E0771 cells. The anti-tumor effects of the anti-PD-L1 antibody on MC38 and E0771 
cells were abolished when sinus macrophages in DLNs were depleted, suggesting that 
sinus macrophages are involved in the therapeutic effect of the anti-PD-L1 antibody. 
Naringin activated sinus macrophages. Naringin inhibited tumor growth in MB49- and 
LLC-bearing mice but did not affect that in MC38- and E0771-bearing mice. The in-
filtration of CTLs in tumor tissues and their activation were increased by naringin, 
and this effect was impaired when sinus macrophages were depleted. Combination 
therapy with naringin and anti-PD-L1 antibody suppressed MB49 tumor growth. In 
conclusion, CD169-positive sinus macrophages in DLNs are critical for anti-tumor im-
mune responses, and naringin suppresses tumor growth by activating CD169-positive 
sinus macrophages and anti-tumor CTL responses. The activation status of sinus mac-
rophages has been suggested to differ among tumor models, and this should be inves-
tigated in future studies.
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1  |  INTRODUC TION

Recently, immune checkpoint inhibitors (ICIs) have revolutionized 
cancer treatment. However, because only a limited number of patients 
benefit from this therapy, the establishment of new treatment strat-
egies, including combination therapy, is desired. It is well known that 
the abundance of infiltrated CD8-positive cytotoxic T-lymphocytes 
(CTLs) is associated with high response rates in patients treated with 
ICIs.1,2 Draining lymph nodes (DLNs) are important organs in the in-
duction of anticancer immunity and are responseble for an early step 
in the cancer-immune cycle.3 In particular, subcapsular and medullary 
sinus macrophages located at the periphery of lymph nodes are in-
volved in the capture of cancer antigens.4

CD169 (Sialoadhesin, Siglec-1) is a receptor expressed on macro-
phages for sialic acid, which regulates cellular functions in the innate 
and acquired immune systems by promoting cell–cell interactions 
through sugar chain recognition.5 CD169 expression is predominantly 
observed in the lymphoid organs, and subcapsular and medullary sinus 
macrophages express CD169. The depletion of CD169-positive macro-
phages in DLNs reduces the activation and proliferation of CTLs and 
attenuates the efficacy of cancer vaccines in a mouse model, suggest-
ing that CD169-positive macrophages in DLNs play an important role in 
cancer immunity.6 However, its role in ICI efficacy remains unclear. In 
addition, the number of CD169-positive macrophages in LNs correlates 
with the number of CD8-positive tumor-infiltrating lymphocytes and is 
associated with a favorable prognosis in several human cancers,7–13 sug-
gesting that CD169-positive macrophages are involved in CTL-mediated 
anti-cancer immunity in humans, as well as in mice. These findings sug-
gest that the induction of CD169-positive macrophages in LNs may be a 
new therapeutic strategy to enhance cancer immunity in cancer immu-
notherapy. We previously identified naringin, a natural compound, as a 
CD169 inducer in human monocyte-derived macrophages.14 Naringin is 
a flavonoid glycoside found in citrus fruits, tomatoes, and legumes and 
has several functional activities, such as anti-oxidative and anti-inflam-
matory activities.15 Therefore, we investigated the effects of naringin in 
murine cancer models and its synergistic effects with ICI therapy.

2  |  MATERIAL S AND METHODS

2.1  |  Preparation of reagents

Anti-programmed death-ligand 1 (PD-L1) antibody and IgG controls 
were purchased from BioLegend. Diphtheria toxin was obtained 
from FUJIFILM Wako Pure Chemical Corporation. Naringin and nar-
ingenin (Tokyo Chemical Industry) were dissolved in dimethyl sulfox-
ide at a concentration of 100 mM.

2.2  |  Cell lines and cell culture

The cell lines used in this study are listed in Table  S1. Cells 
were maintained in RPMI 1640 medium (FUJIFILM Wako Pure 

Chemical Corporation) supplemented with 10% FBS and 1% 
penicillin/streptomycin. Primary murine peritoneal macrophages 
were obtained from the peritoneal exudates of mice. Peritoneal 
macrophages were cultured in low-glucose DMEM supplemented 
with 2% FBS and 1% penicillin/streptomycin.

2.3  |  Cell viability assay

To measure cell viability, 1.0 × 104 cells were seeded in 96-well plates 
containing 100 μL of the medium and treated with the indicated con-
centrations of naringin (30, 50, 100, 150, and 200 μM) for 24 h. After 
incubation, 10 μL of the Cell Counting Kit-8 (Dojindo Laboratories) 
solution was added to the 96-well plates and incubated for 1 h at 
37°C. The number of surviving cells was determined by measuring 
the absorbance at 450 nm. Cell viability was calculated as a percent-
age of the control value.

2.4  |  Animals

C57BL/6 mice and nude mice were obtained from Kyodo. CD169-
DTR mice with a C57BL/6 background were kindly gifted by Kenichi 
Asano (Tokyo University of Pharmacy and Life Sciences). The mice 
were housed in a temperature-controlled room with a 12-h light/
dark cycle.

2.5  |  Murine tumor-bearing model

MC38, a murine colon adenocarcinoma cell line (5 × 105 cells/
mouse), E0771, a murine breast adenocarcinoma cell line 
(1.0 × 106 cells/mouse), MB49 a murine bladder Carcinoma cell 
line (2 × 105 cells/mouse), or lewis lung carcinoma (LLC), a murine 
lung carcinoma cell line (3 × 105 cells/mouse) cells suspended in 
100 μL RPMI 1640 medium were subcutaneously injected into 
mice. Three days later, an anti-PD-L1 antibody (200 μg) was in-
travenously administered, and/or naringin (200 mg/kg per day) 
was mixed with food and administered daily, followed by deter-
mination of subcutaneous tumor weight at the end of the study 
and measurement of the tumor microenvironment in subcutane-
ous tumor tissues using immunohistological analysis and flow 
cytometry.

2.6  |  Flow cytometry

Mouse peritoneal macrophages and disaggregated cells prepared 
from mouse tissues were treated with mouse FcR-blocking reagent 
(Miltenyi Biotec) for 5 min and then incubated with fluorescence-la-
beled antibodies. The antibodies used are described in Table S2. The 
stained cell samples were analyzed on a FACSVerse flow cytometer 
using FACSuite software.
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    |  3ANAMI et al.

2.7  |  Immunohistochemistry

Paraffin-embedded tumor tissue samples were sectioned into 3 μm-
thick specimens for immunostaining. The primary antibodies used are 
described in Table S3. HRP-labeled anti-mouse, anti-rabbit, or anti-
goat immunoglobulin antibodies (Nichirei) were used as secondary 
antibodies. A DAB substrate system (Nichirei) was used to visualize 
the immunoreactions. For lymphocyte counting, eight non-overlap-
ping high-power fields (400× magnification) were randomly selected 
in tumor areas without necrosis or hemorrhage, and cell counting was 
performed using the KEYENCE BZ-X800 software (Keyence).

2.8  |  RNA sequencing analysis

Naringin (200 mg/kg per day) was mixed with food and administered 
daily for 5 days. Lymph nodes were removed and total RNA was iso-
lated by using RNAiso Plus (Takara Bio). RNA sequencing analysis 
was performed by Amelieff. Briefly, sequencing libraries were crafted 
using the NEBNext UltraTM RNA Library Prep Kit for Illumina (NEB, 
Cat. No. 7760), in strict adherence to the manufacturer's guidelines. 
Subsequent to this, index codes were incorporated to allocate se-
quences distinctly to each specimen. Concluding the process, libraries 
underwent purification via the AMPure XP system, and their quality 
was meticulously evaluated using the Agilent Bioanalyzer 2100 sys-
tem. The refined libraries were then sequenced on the Novaseq 6000 
(Illumina), utilizing a 150-base pair-end read configuration.

2.9  |  Statistics

Statistical analyses (Mann–Whitney U-test and one-way ANOVA) 
were performed using GraphPad Prism 7 (GraphPad Software). A p-
value <0.05 was considered statistically significant.

3  |  RESULTS

3.1  |  Dysfunction of sinus macrophages potentially 
contributes to the resistance to anti-programmed 
death-ligand 1 therapy

Using an animal model, we assessed whether CD169-positive sinus 
macrophages in DLNs are involved in the anti-tumor effect of 
anti-PD-L1 therapy. First, four murine subcutaneous tumor mod-
els were established using the MC38, E0771, MB49, and LLC cell 
lines, and the efficacy of anti-PD-L1 therapy was examined. Tumor 
growth was suppressed in MC38- and E0771-bearing mice but not 
in MB49- and LLC-bearing mice (Figure 1A,B and Figure S1). The 
tumor immune microenvironment was then compared between 
MC38, E0771, MB49, and LLC tumors. There were many infiltrat-
ing CD8- and CD4-positive cells in the tumor tissues implanted 
with MC38 and E0771 cells, whereas there were few infiltrating 

CD8- and CD4-positive cells in the tumor tissues implanted with 
MB49 and LLC cells (Figure 1C). Next, the expression of CD169 in 
sinus macrophages of DLNs was evaluated. CD169 expression in 
sinus macrophages was lower in MB49- and LLC-bearing mice than 
in MC38- and E0771-bearing mice, whereas CD169 expression in 
the lymph nodes of MC38- and E0771-bearing mice was unchanged 
compared from that in the non-tumor control model (Figure 1D).

3.2  |  CD169-positive sinus macrophages in 
draining lymph nodes contribute to anti-tumor 
immune responses in anti-programmed death-ligand 
1 therapy

Next, the involvement of CD169-positive sinus macrophages in 
DLNs in the anti-tumor effects of anti-PD-L1 therapy was investi-
gated using CD169-DTR mice. Following deletion of CD169-positive 
sinus macrophages in DLNs by diphtheria toxin (DT) injection, the 
tumor cells were subcutaneously injected (day 0), and anti-PD-L1 
antibody was administered on day 2 (Figure 2A). The depletion of 
macrophages in the DLNs was confirmed by immunohistochemis-
try (IHC) (Figure 2B). When anti-PD-L1 therapy was performed in 
MC38- and E0771-bearing mice, the anti-tumor effect was com-
pletely abolished in DT-treated mice (Figure 2C), suggesting that the 
anti-tumor effect of anti-PD-L1 in these tumor models is highly de-
pendent on CD169-positive macrophages.

3.3  |  Naringin suppresses MB49 and LLC tumor 
growth by T lymphocyte-mediated mechanisms

Some natural compounds have been previously identified to stimu-
late sinus macrophages; therefore, we suggest that these compounds 
recovered dysfunctional sinus macrophages in the DLNs of tumor-
bearing mice. Naringin was selected for use in this study because it 
is commercially available (Figure 3A). Naringin increased the number 
of CD169-positive murine peritoneal macrophages under cell culture 
conditions (Figure 3B). The anti-tumor effects of naringin were tested 
in tumor-bearing mice (Figure 3C). Before conducting the in vivo study, 
we examined the direct anti-tumor effect of naringin under in vitro 
culture conditions. Naringin was not toxic to macrophages or tumor 
cell lines (Figure S2). Animal studies showed that tumor growth was 
significantly suppressed by naringin administration in MB49- and LLC-
bearing mice but not in MC38- and E0771-bearing mice (Figure 3D 
and Figure S3). This anti-tumor effect of naringin on MB49 and LLC 
tumors disappeared in immunodeficient nude mice (Figure 3E).

3.4  |  Naringin activates immune responses in the 
tumor microenvironment and draining lymph nodes

The effect of naringin on T cell infiltration and activation in tumor 
tissues and DLNs was examined using IHC and flow cytometry. 
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4  |    ANAMI et al.

F I G U R E  1  Anti-tumor effect of immune checkpoint inhibitors in mouse tumors. (A) The protocol for administration of anti-programmed 
death-ligand 1 (PD-L1) antibody and implantation of MC38, E0771, MB49, and LLC cells in C57BL/6 mice. (B) Subcutaneous tumor weight 
was measured after administration of anti-programmed death-ligand 1 (PD-L1) antibody in tumor-bearing mice. (C) Infiltration of CD8- and 
CD4-positive lymphocytes in subcutaneous tumor tissues was evaluated via immunostaining. (D) Flow cytometry was performed to evaluate 
CD169 expression levels in macrophages in draining lymph nodes (DLNs). i.v., intravenous injection.
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    |  5ANAMI et al.

Naringin administration enhanced CD8-positive T-cell infiltration 
in tumor tissues (Figure 4A). Naringin administration increased the 
number of GzmB-positive T cells (Figure 4B). Ki-67 and PD-1 expres-
sion in CD8-positive T cells was elevated by naringin; however, this 
was not statistically significant (Figure 4B). Naringin administration 
elevated the number of CD169-positive macrophages in the lymph 
nodes (Figure 4C). CD69, an activation marker of lymphocytes, was 
also upregulated in CD4- and CD8-positive T cells in DLNs follow-
ing naringin administration (Figure  4D). The IHC results showed 
that PD-L1 expression was enhanced by naringin administration 
(Figure 4E), and flow cytometry revealed that PD-L1 expression in 
tumor cells was significantly increased by naringin administration 
(Figure 4F).

3.5  |  CD169-positive sinus macrophages in 
draining lymph nodes contribute to the anti-tumor 
effect of naringin

Next, we tested whether CD169-positive sinus macrophages in 
DLNs were involved in the anti-tumor effect of naringin. After the 
depletion of CD169-positive sinus macrophages in DLNs due to DT 
injection in CD169-DTR mice, tumor cells were subcutaneously in-
jected (Figure 5A). The results showed that the anti-tumor effect of 
naringin was completely abolished by DT treatment (Figure 5B). IHC 
results indicated that the infiltration of CD8-positive T cells was not 

altered by naringin treatment (Figure 5C). Moreover, PD-L1 expres-
sion did not change in the tumor tissues after naringin administration 
(Figure  5D). These data demonstrated that CD169-positive sinus 
macrophages are involved in the anti-tumor effects of naringin in a 
tumor-bearing mouse model.

3.6  |  Naringin administration changes 
immunotherapy-resistant tumors to 
immunotherapy-sensitive tumors

As shown in Figure 1, anti-PD-L1 therapy was ineffective in the 
MB49 and LLC tumor models. Because naringin administration 
induced T cell infiltration and activation in the tumor tissues of 
MB49 and LLC tumors with increased PD-L1 expression, we sug-
gest that naringin administration improves anti-PD-L1 therapy 
against these tumors. Therefore, combined therapy using nar-
ingin and anti-PD-L1 antibodies was performed for MB49 tumors 
(Figure  6A). The results showed that anti-PD-L1 antibody treat-
ment in combination with naringin suppressed tumor growth 
compared to both the control antibody treatment group and the 
naringin alone treatment group (Figure  6B and Figure  S4). IHC 
results indicated that the infiltration of CD8-positive T cells was 
significantly increased by the combined administration of naringin 
and anti-PD-L1 antibodies (Figure 6C). PD-L1 expression was also 
enhanced in the tumor tissues after the combined administration 

F I G U R E  2  Anti-tumor effect of immune checkpoint inhibitors in CD169-DTR mice. (A) The protocol for administration of anti-
programmed death-ligand 1 (PD-L1) antibody and implantation of MC38, E0771, MB49, and LLC cells in CD169-DTR mice. (B) Sinus 
macrophages in diphtheria toxin (DT) (−) and DT (+) mice (no tumor-bearing model) were evaluated by immunostaining of F4/80 and CD169. 
(C) Subcutaneous tumor weight was measured after the administration of anti-PD-L1 antibody. i.v., intravenous injection; s.c., subcutaneous 
injection.
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6  |    ANAMI et al.

(Figure 6D). These data demonstrate that combined therapy with 
naringin and anti-PD-L1 antibody is effective against immunother-
apy-resistant tumors.

4  |  DISCUSSION

CD169-positive sinus macrophages that phagocytose tumor cells in 
LNs present tumor antigens directly to CD8-positive lymphocytes 
and activate them independently of dendritic cells related to anti-
gen presentation.6 In this study, we investigated the role of CD169-
positive sinus macrophages in tumor suppression using ICIs, which 

have shown beneficial effects in various cancer models. MB49 and 
LLC tumors were resistant to anti-PD-L1 therapy, whereas MC38 
and E0771 tumors were sensitive to anti-PD-L1 therapy. The num-
ber of infiltrating lymphocytes was significantly lower in MB49 and 
LLC tumors than in MC38 and E0771 tumors, indicating that MB49/
LLC and MC38/E0771 tumors were immunologically cold and hot 
tumors, respectively. The depletion of CD169-positive macrophages 
also induced tumor progression (Figure S5), indicating that CD169-
positive macrophages play an important role in activating anti-tumor 
immunity and suppressing tumor progression. Furthermore, the 
depletion of CD169-positive macrophages nullified the anti-tumor 
effect of anti-PD-L1 therapy in MC38 and E0771 tumor-bearing 

F I G U R E  3  Effect of naringin on tumor progression in tumor-bearing mice. (A) The chemical structure of naringin. (B) Mouse peritoneal 
macrophages were incubated with naringin (30 μM) for 24 h, followed by determination of CD169 expression using flow cytometry. (C) The 
protocol for administration of naringin and implantation of MC38, E0771, MB49, and LLC cells in C57BL/6 mice. (D) Subcutaneous tumor 
weight was measured after administration of naringin. (E) Subcutaneous tumor weight in nude mice was measured after administration of 
naringin. p.o., per os (oral administration).
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    |  7ANAMI et al.

F I G U R E  4  The effect of naringin on immune responses in the tumor microenvironment and draining lymph nodes (DLNs). (A) Infiltration 
of CD8-positive lymphocytes in MB49 and LLC subcutaneous tumor tissues was determined via immunostaining. (B) The expression levels 
of GzmB, Ki67, and PD-1 in infiltrated CD8+ cells within MB49 tumor tissues were determined via flow cytometry. (C) The expression level 
of CD169 in sinus macrophages in DLNs of MB49-bearing mice was analyzed using flow cytometry. (D) The expression level of CD69 in 
lymphocytes in DLNs was also analyzed using flow cytometry. (E) programmed death-ligand 1 (PD-L1) expression level in MB49 and LLC 
subcutaneous tumors was determined via immunostaining. (F) PD-L1 expression levels in both CD45− and CD45+ cells in MB49 tumor 
tissues were determined using flow cytometry.
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8  |    ANAMI et al.

mouse models that responded to anti-PD-L1 therapy, suggesting 
that CD169-positive sinus macrophages are associated with the 
therapeutic effect of ICIs in the early stage of tumor immunity, and 
inducing CD169-positive macrophages in LNs may enhance the 
therapeutic effect of ICIs. CD169 expression in sinus macrophages 
was downregulated in MB49/LLC tumors, suggesting that sinus 
macrophage dysfunction is involved in immunological responses to 
tumor cells (Figure 6E).

Anti-PD-L1 antibody had no effect in the MB49 and LLC tu-
mor-bearing mouse models, which originally had few infiltrated CD8 
lymphocytes in the tumor tissue, suggesting that the infiltration of 
tumor tissues by CD8-positive T cells is important for the therapeu-
tic effect of ICIs. Similar results have been observed in real-world 
clinical practice for cancer treatment. It has been reported that the 
lack of CD8-positive T cells infiltrating tumor tissues is associated 
with poor response of cancer patients to ICI therapy.16 Combination 

therapy with immunotherapy is known to be effective in improv-
ing efficacy17; however, more therapeutic approaches are needed, 
especially for cold tumors. Targeted therapy to reprogram dysfunc-
tional DLNs may be a new approach for improving immunotherapy 
in immunologically cold tumors.

In this study, we focused on naringin, a natural compound, as 
a candidate agent that induces the infiltration of CD8-positive T 
cells into tumor tissues by enhancing tumor immunity. Naringin, 
a major bioactive polyphenol found in citrus fruits, is beneficial 
to human health and has been consumed for many years.18 It was 
previously identified as an inducer of CD169-expression in sinus 
macrophages.14 The administration of naringin to mice also en-
hanced CD169 expression on macrophages and CD69 expression 
on lymphocytes in DLNs (Figure  4C,D). As shown in Figure  S6, 
differential gene expression (DGE) analysis also revealed that nar-
ingin administration augments the expression of CD169 (Siglec1), a 

F I G U R E  5  Effect of naringin administration on tumor-bearing CD169-DTR mice. (A) The protocol for administration of naringin and 
implantation of MB49 or LLC cells in CD169-DTR mice. (B) Subcutaneous tumor weight was measured after administration of naringin. (C) 
Infiltration of CD8-positive cells in subcutaneous tumor tissues was determined by immunostaining. (D) programmed death-ligand 1 (PD-L1) 
expression level in subcutaneous tumor tissues was determined by immunostaining. p.o., per os (oral administration); s.c., subcutaneous 
injection.
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F I G U R E  6  Combination effect of naringin and immune checkpoint inhibitors on tumor progression in a tumor-bearing mouse model. 
(A) The protocol for administration of naringin with anti-programmed death-ligand 1 (PD-L1) antibodies and implantation of MB49 cells in 
C57BL/6 mice. (B) Subcutaneous tumor weight was measured after administration of naringin and anti-PD-L1 antibodies. (C) The number of 
infiltrated CD8-positive lymphocytes in tumor tissues was measured by immunostaining. (D) The expression level of PD-L1 in tumor tissues 
was measured by immunostaining. (E) Scheme of the hypothesis presented in this article. Immune reactions in draining lymph nodes (DLNs) 
were not affected in MC38/E0771 (hot) tumor models, whereas downregulation of CD169 and decreased immune reaction were observed 
in tumor models with DLNs bearing MB49/LLC (cold) cells. Naringin blocked the downregulation of CD169 expression and potentially 
changed the cold tumor resistance to immunotherapy to hot tumor sensitivity to immunotherapy. i.v., intravenous injection; p.o., per os (oral 
administration).
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molecule typically enhanced by type I interferon activation in mac-
rophages. Moreover, there was a noted increase in the expression 
of Irf7, deemed the central orchestrator of type I interferon. Both 
DGE analysis and enrichment analyses further highlighted that 
naringin amplifies the expression of S100a8 and S100a9, markers 
associated with inflammation in phagocytes, and enhances the ex-
pression of Cxcl10 and Ccl20, markers for activated T cells. These 
findings suggest that naringin may instigate various immune func-
tions, essentially bolstering immunity through the stimulation of 
immunoreactive sinus macrophages. Furthermore, administration 
of naringin significantly reduced tumor progression in both MB49- 
and LLC-bearing tumor models (Figure 3D), whereas it had no ef-
fect on tumor progression in either the MC38- or E0771-bearing 
tumor models (Figure 3D). The number of infiltrated CD8-positive 
cells significantly increased in tumor tissues of cold tumor (MB49 
and LLC)-bearing mice after naringin administration (Figure  4A), 
whereas there were no CD169-positive macrophages in tumor tis-
sues (unpublished data), indicating that naringin enhances tumor 
immunity by inducing CD169-positive macrophages in LNs, fol-
lowed by infiltration of CD8-positive T cells into tumor tissues.

Immunotherapy for cancer has recently received considerable 
attention. For example, ICIs that target the programmed cell death 
1 (PD-1)–PD-L1 pathway have dramatically changed the treatment 
of various types of cancer.19,20 However, because the abundance 
of infiltrated CD8-positive lymphocytes is associated with high re-
sponse rates in patients treated with ICIs,1,2 only a limited number 
of patients benefit from this therapy. However, naringin increased 
the number of infiltrated CD8-positive T cells in tumor tissues from 
cold tumor-bearing mice (Figure 4A), and combination therapy with 
anti-PD-L1 and naringin ameliorated tumor progression (Figure 6), 
demonstrating that ICIs suppress tumor progression via naringin-in-
duced infiltrating CD8 T cell growth and activation in tumor tissues. 
This result holds immense potential for application in treatment of 
cold tumors, for which alternatives involving monotherapy with 
ICIs are limited. However, one limitation of this study is that the de-
tailed mechanism by which naringin induces CD169-positive mac-
rophages in LNs is unknown because the complex structure of the 
natural compound makes it difficult to identify its target molecules 
in macrophages.21

This is the first study to demonstrate naringin-induced activation 
of anti-tumor immunity through the enhancement of CD169-positive 
macrophages in LNs and promotion of CTL infiltration in tumors. The 
mechanisms by which each tumor regulates the activation of sinus 
macrophages should be investigated in future studies. Furthermore, 
our results suggest that CD169-positive macrophages in LNs are a 
prognostic marker for tumors and that naringin is a novel potential 
agent, especially for immune-cold tumors that are refractory to ICI 
monotherapy.
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