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Abstract. β‑catenin expression by tumor cells suppressed 
dendritic cell recruitment to the tumor microenvironment 
in a melanoma model, resulting in fewer tumor‑infiltrating 
lymphocytes. Immunohistochemistry was used in the present 
study to examine the association between the expression of 
β‑catenin and tumor infiltrating lymphocytes and CD11c+ cells 
in 122 patients with non‑small cell lung cancer (NSCLC), 
who underwent radical surgery. β‑catenin was positive in 
24% of NSCLC tumors compared with 59% of squamous 
cell carcinomas and 11% of adenocarcinomas. There was no 
significant association between the expression of β‑catenin 
and the frequency of CD8+ cell infiltration into tumor tissues, 
including the stroma. Conversely, the infiltration of CD8+ cells 
into tumor nests was significantly lower in β‑catenin‑positive 
cases compared with that in negative β‑catenin cases. 
Similarly, CD11c+ cell infiltration was significantly lower in 
the β‑catenin‑positive group. The β‑catenin‑positive group 
had shorter overall survival and recurrence‑free survival 
times compared with that in the negative group. Furthermore, 
β‑catenin‑positive NSCLC had a high tumor mutation 
burden, but tended to have a low expression of programmed 
death‑ligand 1. In conclusion, the expression of β‑catenin in 
NSCLC was negatively associated with CD11c+ cells and cyto‑
toxic T cell infiltration at the tumor site and had a tendency 
towards a poor prognosis.

Introduction

Immunotherapy in cancer, particularly non‑small cell lung 
cancer (NSCLC), has undergone remarkable advances in 
recent years. Immune checkpoints including programmed 
death (PD)‑1/L1 are involved in immune escape in patients 
with cancer. Immune checkpoint inhibitors are effective 
in certain proportions of patients and are now a standard 
primary treatment for NSCLC  (1,2). However, the effect 
of a single agent is limited to ~20% of patients. Therefore, 
basic research studies have been initiated to clarify the initial 
tolerance and acquired resistance to immune checkpoint 
inhibitors and various combination therapies in clinical 
use. The combination of immune checkpoint inhibitors 
with chemotherapy has already been added to the standard 
treatment (3‑5), and numerous other clinical trials, including 
combination therapy with other immunotherapy agents, are 
in progress.

The PD‑L1 tumor proportion score (TPS) have been 
used as a predictive biomarker for immune checkpoint 
inhibitors (6); however, this is not adequate as some patients 
respond to immune checkpoint inhibitors, even though the 
PD‑L1 TPS of their tumor is 0% and vice versa. In addition, 
the tumor mutation burden (TMB) (7) and tumor infiltrating 
lymphocytes (TILs) (8) were previously used to determine the 
effects of immune checkpoint inhibitors. TMB reflects the 
number of neo‑antigens in a tumor, and therefore, in cancer 
with high TMB, immune checkpoint inhibitors are likely to 
have a positive effect (9). Conversely, PD‑L1 TPS is thought 
to reflect the production of interferon‑γ (IFN‑γ) in the tumor 
microenvironment (10), as well as being a biomarker for the 
tumor expression of PD‑L1. It reflects the cytolytic activity of 
cytotoxic T cells and natural killer T cells in the tumor micro‑
environment. The cancer immune cycle starts with neo‑antigen 
expression (TMB) followed by the infiltration of lymphocytes 
into the tumor (TILs) and finally cytolytic activity (PD‑L1 
expression). The associations of TMB and PD‑L1 expression 
with antitumor immune responses are well‑known, but factors 
associated with TILs are poorly understood. However, a high 
number of TILs in NSCLC is a good prognostic factor (11).
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Spranger  et al  (12,13) reported that tumors expressing 
β‑catenin in a melanoma model suppressed dendritic cell 
recruitment via decreased chemokine production, which conse‑
quently decreased the numbers of TILs. β‑catenin is involved 
in cell proliferation  (14) and the epithelial‑mesenchymal 
transition (EMT) of cancer cells (15). β‑catenin expression 
was also reported to be associated with a poor prognosis, even 
in NSCLC (16), and resistance to chemotherapy (17) or tyro‑
sine kinase inhibitors (18). Spranger et al (12) suggested that 
β‑catenin might also be involved in tumor immune evasion, 
thereby promoting the development of cancer.

However, whether β‑catenin is involved in tumor immune 
escape mechanisms in lung cancer is unclear. Although NSCLC 
cases with abnormal β‑catenin expression had low numbers 
of TILs (19), it was unclear whether this was associated with 
dendritic cells. Therefore, the present study investigated 
the association between β‑catenin expression, TILs, and 
CD11c+ cells in NSCLC. CD11c is a marker of mononuclear 
phagocytes (20) and is expressed on antigen presenting cells 
(APCs) (21). CD11c, also known as integrin α X, is a trans‑
membrane protein. CD11c mediates phagocytosis  (22) and 
binds to cell adhesion molecules (23‑25), components of the 
bacterial wall (26), complement proteins (22,27) and matrix 
proteins (28,29). TMB and PD‑L1 TPS were examined for 
evaluable cases and their association with β‑catenin expression 
was clarified. Furthermore, the association between overall 
survival and relapse‑free survival was examined.

Materials and methods

Patients. A total of 122 patients with NSCLC, who underwent 
complete resection between January 2013 and December 2015 
at the Hospital of Fukushima Medical University, were 
enrolled. No chemotherapy or immunotherapy was adminis‑
tered before surgery. Disease staging was evaluated according 
to the International Staging System for Lung Tumors, 
7th edition (30).

Immunohistochemistry. Paraffin‑embedded NSCLC speci‑
mens were cut into 3‑µm microtome sections. The sections were 
deparaffinized in xylene and dehydrated in a desending alcohol 
series (99% for 2 min, 90% for 1 min, then 70% for 1 min). 
Endogenous peroxidase activity was blocked by a 20‑min incu‑
bation with 0.3% (v/v) solution of hydrogen peroxidase (Wako 
Pure Chemical Industries Ltd.) in 100% methanol. Following 
incubation with 5% skimmed milk in PBS for 30 min at room 
temperature, the sections were incubated overnight at 4˚C with 
primary monoclonal antibodies against β‑catenin (1:100; cat. 
no. UMAB15; OriGene Technologies, Inc.), CD8 (1:50; cat. 
no. C8/144B; Agilent Technologies, Inc.), or CD11c (1:200; cat. 
no. 2F1C10; ProteinTech Group, Inc.). The primary antibody 
was then detected using biotinylated secondary anti‑mouse 
IgG (1:400; cat. no.  E0413) or anti‑rabbit IgG antibodies 
(1:400; cat. no. E0431) (both from Dako; Agilent Technologies, 
Inc.) using the avidin‑biotin complex method. The sections 
were counterstained with Mayer's haematoxylin (Muto Pure 
Chemicals Co., Ltd.), dehydrated using 99% alcohol for three 
min, and mounted on glass slides.

For each specimen, micrographs of high‑power fields 
(HPF; magnification, x400) were captured using a light 

microscope (IX73; Olympus Corporation) with a CCD 
camera (DP73; Olympus Corporation). Then, micrographs 
were analyzed by two investigators without knowledge on the 
corresponding clinicopathological data. Specimens containing 
tumor cells with only membranous staining were defined as 
negative (normal) β‑catenin expression. Specimens containing 
tumor cells with cytoplasmic staining were defined as positive 
(abnormal) β‑catenin expression. Evaluation of tumor infil‑
trating CD8+ cells and CD11c+ cells was performed according 
to the visual estimation of these cells in each visual field. 
The number of CD8+ cells was evaluated into one of three 
groups: Small (<30%), medium (30‑60%) and large (>60%), 
as previously reported (31). Furthermore, CD8+ and CD11c+ 

cell infiltrations into tumor nests were evaluated as positive 
or negative.

PD‑L1 TPS was evaluated in 68 patients using a PD‑L1 
IHC 22C3 pharmDx immunohistochemistry assay on the Dako 
Autostainer Link 48 at SRL, Inc. PD‑L1 TPS was defined as 
the percentage of viable tumor cells with partial or complete 
membrane staining (32). These 68 patients were randomly 
selected in clinical practice from a total of 122 patients.

Sequencing analysis. Whole exome sequencing was conducted 
in accordance with the Ethical Guidelines for Human Genome 
and Genetic Analysis Research. In 122 patients with NSCLC, 
whole exome sequencing of 79  tumors and paired normal 
samples was performed using Ion Amplise Exome tech‑
nology and the Ion Proto platform (Thermo Fisher Scientific, 
Inc.). Tumor volume was insufficient for the analysis of the 
remaining 43 patients. The obtained DNA sequences were 
aligned to hg19 of the human genome. The mean coverage 
depth was 123X and 90.4% of target bases had a coverage 
of 20X. Sequence variants in the tumors were named using 
Ion Reporter v5.0 (Thermo Fisher Scientific, Inc.) and CLC 
Genomics Workbench v8.0 software (Qiagen, Inc.), and the 
number of non‑synonymous coding variants was counted. The 
obtained value was designated the TMB. In addition, gene 
mutation analysis was conducted for catenin β1 (CTNNB1) 
and three associated genes: APC regulator of WNT signaling 
pathway (APC), axin 1 (AXIN1), and transcription factor 7 
(TCF7).

Flow cytometry. Tumor infiltrating CD45+ cells in two patients 
with NSCLC were analyzed using flow cytometry. There was 
one patient with squamous cell carcinoma and the other had 
adenocarcinoma of the lung. Tumor specimens from both 
patients were β‑catenin negative by immunohistochemistry. 
CD8+ and CD11c+ cell infiltrations into tumor nests were 
positive in both cases. A 7‑mm square of tissue was obtained 
from each patient's tumor at surgical resection. The tissue was 
dissociated into a single‑cell suspension using a gentleMACS 
Dissociator (Miltenyi Biotec GmBH). Blood cells were sepa‑
rated and collected by CD45 MicroBeads and autoMACS 
separator (Miltenyi Biotec) and then stained with the following 
antibodies: PE anti‑human CD11c (1:20; cat. no.  301605; 
BioLegend, Inc.), PE/Cy7 anti‑human HLA‑DR (1:20; cat. 
no. 307615; BioLegend, Inc.), PerCP/Cy5.5 anti‑human CD163 
(1:20; cat. no. 326511; BioLegend, Inc.), APC/Cy7 anti‑human 
CD14 (1:20; cat. no.  301819; BioLegend, Inc.), APC 
anti‑human CD86 (1:20; cat. no. 305411; BioLegend, Inc.), and 
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FITC anti‑human CD20 (1:20; cat. no. 130‑113‑373; Miltenyi 
Biotec GmBH). Samples were acquired with a FACSCanto II 
(BD Biosciences) and analysed using FlowJo software v10.0 
(FlowJo LLC). The samples were gated on single cells, then 
the lymphocytes and monocytes were selected and analyzed.

Statistical analysis. T‑test, Fisher's exact test, χ2  test, and 
log‑rank test were performed using GraphPad Prism soft‑
ware v8.4.3 (GraphPad Software, Inc.). Continuous variables 
are presented as the mean ± SEM. P<0.05 was considered to 
indicate a statistically significant difference. Survival curves 
were drawn using the Kaplan‑Meier method, and differences 
in survival were evaluated using the log‑rank test. The Cox 
proportional regression model using the forward stepwise like‑
lihood ratio method was performed to select prognostic factors 
of survival using SPSS software v27 (IBM Corp.).

Results

β‑catenin expression and patient characteristics. Patient char‑
acteristics are presented in Table I. Tumor β‑catenin expression 
was positive in 29  patients (24%). The β‑catenin‑positive 
group had higher smoking status and larger tumor size 
compared with the β‑catenin‑negative group. β‑catenin was 
more commonly found in squamous cell carcinoma (16%) 
compared with adenocarcinoma (8%). There was no difference 
in age, sex, or pathological stage between β‑catenin‑positive 
and ‑negative groups.

β‑catenin expression in tumors, and tumor infiltrating 
lymphocytes and CD11c+ cells. β‑catenin positive NSCLC 
patients had low CD8+ and CD11c+ cell infiltration into tumors 
(Fig. 1). There were two types of tumor infiltrating lympho‑

cytes: Those present in the stroma; and those that directly 
infiltrated into the tumor nests (Fig. 1E). β‑catenin expression 
was associated with CD8+ and CD11c+ cell infiltration into 
tumor nests regardless of the total number of CD8+ cells in 

Table I. Patient characteristics (n=122).

	 β‑catenin
	 ---------------------------------------------------------------------------------------------------
Characteristics	 Positive	 Negative	 P‑value

Total, n (%)	 29 (24)	 93 (76)	
Age, years	 69.6±10.3	 68.9±9.4	   0.7469
Sex, n (%)			     0.2643
  Male	 22 (76)	 59 (63)	
  Female	   7 (24)	 34 (37)	
Smoking, pack years	 47.3±36.9	   27.0±29.5	   0.0098
p‑Stage, n (%)			     0.0785
  1	 18 (62)	 75 (81)	
  2	   5 (17)	 11 (12)	
  3	   6 (20)	 7 (8)	
Tumor size, mm	 37±21	   29±16	   0.0472
Histology, n (%)			   <0.0001
  Ad	 10 (34)	 80 (86)	
  Sq	 19 (66)	 13 (14)	

Data show component size, number or mean ± standard deviation. Ad; adenocarcinoma, Sq; squamous cell carcinoma.

Figure 1. Representative immunohistochemistry images of NSCLC. 
(A‑C) β‑catenin‑positive and (D‑F) β‑catenin‑negative NSCLC. Staining 
for (A  and  D)  β‑catenin, (B  and  E)  CD8, and (C  and  F) CD11c. In 
β‑catenin‑positive NSCLC, lower numbers of CD8 and CD11c positive cells 
were present compared with β‑catenin‑negative NSCLC. NSCLC, non‑small 
cell lung cancer.
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the tumor sites (Table II). There was a significant association 
between CD8+ and CD11c+ cell infiltration (P<0.0001). The 
infiltrations of CD8+ and CD11c+ cells into tumor nests were 
good prognostic factors. The group without CD8+ cell infiltra‑
tion into tumor nests had a significantly shorter overall survival 
time (P=0.0234) and tended to have a shorter recurrence‑free 
survival time compared with the CD8+ cell infiltration group 
(P=0.1362; Fig. 2A and B). The group without CD11c+ cell 

infiltration into the tumor nests also tended to have short 
overall survival time (P=0.0932) and recurrence‑free survival 
time (P=0.1619; Fig. 2C and D). Conversely, the total number 
of CD8+ cells in tumor sites did not have a clear association 
with overall survival (P=0.4065) or recurrence‑free survival 
(P=0.5851; Fig. 2E and F). The median overall and recur‑
rence‑free survival was not reached in all groups. NSCLC 
with β‑catenin expression tended to have short overall survival 

Table II. Number of patients associated with β‑catenin expression, tumor‑infiltrating CD8+ cells, and tumor infiltrating 
CD11c+ cells (n=122).

	 β‑catenin
	 --------------------------------------------------------------------------
Characteristics	 Positive	 Negative	 P‑value

CD8+ cell infiltration into tumor nests, n (%)	 10 (8)	 80 (66)	 <0.0001
  +	   19 (16)	 13 (11)	
  ‑			 
CD11c+ cell infiltration into tumor nests, n (%)			     0.0788
  +	   15 (12)	 65 (53)	
  ‑	   14 (11)	 28 (23)	
Total number of CD8+ cells in tumor sites, n (%)			     0.8781
  Large	   9 (7)	 30 (25)	
  Medium	   18 (15)	 54 (44)	
  Small	   2 (2)	 9 (7)	

Figure 2. Survival and tumor infiltrating immune cells. Analysis between OS and RFS, and (A and B) tumor epithelial infiltration of CD8+ lymphocytes, 
(C and D) CD11c+ cells, and (E and F) total number of CD8+ cells in the tumor tissues, including the stroma, respectively. Infiltration into the tumor epithelium, 
but not numbers of tumor infiltrating lymphocytes, was associated with prognosis. Infiltration of CD11c+ cells into the tumor epithelium tended to be similar 
to that of CD8+ lymphocytes. +, cases with tumor epithelial infiltration of cells; ‑, cases without tumor epithelial infiltration of cells; L, large; M, medium; S, 
small; OS, overall survival; RFS, relapse‑free survival.
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(P=0.0003) and recurrence‑free survival (P=0.0593; Fig. 3). 
Multivariate analysis indicated that tumor size, β‑catenin, and 
sex were poor prognosis factors for overall survival although 
tumor size, histology, and pathological stage were associated 
with recurrence‑free survival (Tables III and IV).

Subsets of tumor infiltrating CD11c+ cells. Flow cytometry 
revealed that most tumor infiltrating CD45+ cells were 
HLA‑DR positive. Numerous CD11c+ cells were CD163 posi‑
tive and CD20 negative. The CD11c+ subset also contained 

cells that were positive and negative for CD14 and CD86 
(Fig. S1).

Association of β‑catenin expression with tumor mutation 
burden and PD‑L1 expression. The median TMB was 
142  (range, 32‑502; n=17) in the β‑catenin‑positive group 
and 53 (range, 10‑453; n=62) in the β‑catenin‑negative group. 
NSCLC‑expressing β‑catenin had a significantly higher 
TMB than non‑β‑catenin‑expressing lung cancer (Fig. 4A). 
Conversely, NSCLC‑expressing β‑catenin tended to have a 

Table III. Univariate and Cox regression multivariable stepwise procedure of overall survival.

	 Univariate analysis	 Multivariate analysis
	 -------------------------------------------------------------------------------------	 ---------------------------------------------------------------------------------
Characteristics	 Number	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age (<69 years)	 56	 0.925	 0.383‑2.232	 0.862			 
Sex (female)	 41	 0.297	 0.087‑1.016	 0.053	 0.289	 0.081‑1.030	 0.055
Smoking (<32.5)	 61	 0.467	 0.186‑1.171	 0.104			 
p‑Stage (1)	 93	 0.282	 0.117‑0.679	 0.005			 
Tumor size (<28 mm)	 59	 0.108	 0.025‑0.467	 0.003	 0.121	 0.028‑0.522	 0.005
Histology (Ad)	 90	 0.324	 0.134‑0.786	 0.013			 
β‑catenin (‑)	 93	 0.229	 0.095‑0.551	 0.001	 0.264	 0.109‑0.640	 0.001

HR, hazard ratio; CI, confidence interval; Ad, adenocarcinoma.

Table IV. Univariate and Cox regression multivariable stepwise procedure of recurrence‑free survival.

	 Univariate analysis	 Multivariate analysis
	 -----------------------------------------------------------------------------------	 ----------------------------------------------------------------------------------
Characteristics	 Number	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age (<69 years)	 56	 0.933	 0.403‑2.160	   0.872			 
Sex (female)	 41	 0.871	 0.355‑2.137	   0.763			 
Smoking (<32.5)	 61	 0.633	 0.270‑1.479	   0.291			 
p‑Stage (1)	 93	 0.127	 0.053‑0.303	 <0.001	 0.204	 0.081‑0.513	 0.001
Tumor size (<28 mm)	 59	 0.086	 0.020‑0.369	   0.001	 0.132	 0.028‑0.608	 0.009
Histology (Ad)	 90	 1.543	 0.522‑4.566	   0.433	 3.460	 1.149‑10.42	 0.027
β‑catenin (‑)	 93	 0.443	 0.184‑1.063	   0.068			 

HR, hazard ratio; CI, confidence interval; Ad, adenocarcinoma.

Figure 3. Impact of β‑catenin on prognosis. In β‑catenin‑positive NSCLC, (A) the OS was predominantly worse and (B) the RFS tended to be worse. OS, 
overall survival; RFS, relapse‑free survival.
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lower PD‑L1 TPS compared with β‑catenin‑negative NSCLC 
(Fig. 4B). The median PD‑L1 TPS was 0% (range, 0‑20; n=7) 
in the β‑catenin‑positive group and 0% (range, 0‑70; n=61) in 
the β‑catenin‑negative group.

Whole exome sequencing of CTNNB1 and related genes. 
Whole exome sequencing showed that three β‑catenin‑negative 
tumors (assessed using immunohistochemistry) had a 
CTNNB1 mutation. An APC mutation and an AXIN1 muta‑
tion were found in one β‑catenin positive tumor each (assessed 
using immunohistochemistry). No tumors had a TCF7 muta‑
tion.

Discussion

The present study investigated how β‑catenin expression in 
NSCLC tumors influenced antitumor immune responses. It 
was found that β‑catenin expression in tumors was negatively 
associated with TILs in NSCLC, which were associated with 
the suppression of CD11c+ cell recruitment. This result supports 
the findings of previous reports (12,13). Furthermore, to the best 
of our knowledge, the present study is the first to reveal that 
NSCLC‑expressing β‑catenin had high TMB, whereas PD‑L1 
TPS tended to be low. This suggests that NSCLC‑expressing 
β‑catenin might express numerous neo‑antigens; however, 
there were few TILs, and IFN‑γ production was low in the 
tumor microenvironment. The MYSTIC trial reported that 
history of smoking and squamous histology was associated 
with high TMB; however, PD‑L1 expression status was not 
associated with TMB (33). This data also supports the result 
in the present study. Lung squamous cell carcinoma was 
reported to have a high TMB (34) and has a greater association 
with smoking history compared with lung adenocarcinoma. 
Therefore, it is likely that smoking history and squamous 
histology are associated with a high TMB. The present results 
suggest that IFN‑γ produced by TILs is associated with PD‑L1 
expression in NSCLC. This indicates that NSCLC‑expressing 

β‑catenin prevents the cancer immune cycle from progressing, 
possibly by suppressing lymphocyte infiltration into tumor 
sites. Furthermore, an immune evasion mechanism might 
suppress antigen presentation by decreasing APC recruitment 
(Fig. 5).

Previously, tumors with low immunogenicity, or ‘cold’ 
tumors, were thought to have low levels of neo‑antigens or have 
lost the expression of HLA class I. However, Spranger et al (12) 
used a melanoma model to show that β‑catenin signaling 
induced the expression of activating transcription factor 3 
(ATF3), which suppressed the C‑C motif chemokine ligand 4 
(CCL4) gene (Ccl4), resulting in the decreased recruitment 
of CD103+ dendritic cells. Although the production of ATF3 
or CCL4 was not examined, tumor evasion might occur by a 
similar mechanism in NSCLC.

Another finding of the present study was that the expression 
of β‑catenin was associated with lymphocyte infiltration into 
tumor nests, but not the total number of TILs in tumor nests or 
the tumor stroma. In contrast to the present findings, a previous 
study reported that the number of TILs was associated with 
the abnormal expression of β‑catenin in NSCLC (19). Even if 
CD8+ cells are present in the tumor stroma, they may not be 
able to attack tumor cells, suggesting immune exclusion.

A high number of TILs in NSCLC was reported to be a 
good prognostic factor (11,31). Although studies have inves‑
tigated the association between TILs and NSCLC prognosis, 
whether TILs are present in tumor nests, tumor stroma, or 
a combination thereof differs between studies. A previous 
meta‑analysis did not determine the site at which TILs can 
affect the prognosis (35). However, in the current study, TILs 
in tumor nests were associated with NSCLC prognosis. In a 
study of colorectal cancer, TILs in the tumor nest, but not the 
stroma, were associated with prognosis (36), similar to the 
present findings.

According to the model of Spranger and Gajewski (37), 
decreased CCL4 secretion in β‑catenin‑activated-NSCLC 
suppressed dendritic cell recruitment, which in turn decreased 

Figure 4. Association between β‑catenin expression and TMB and PD‑L1. (A) β‑catenin‑positive NSCLC had high levels of TMB (t‑test performed on 
log‑transformed data). (B) β‑catenin‑positive NSCLC tended to have a low expression of PD‑L1 (no significant difference by Fisher’s exact test between 
PD‑L1‑positive and ‑negative samples). Mean ± SEM. TMB, tumor mutation burden; PD‑L1, programmed death‑ligand1; NSCLC, non‑small cell lung cancer; 
TPS, tumor proportion score.
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the production of C‑X‑C motif chemokine ligand (CXCL) 9/10 
from dendritic cells, preventing lymphocyte infiltration 
into the tumor microenvironment. The present results are 
consistent with these findings. It was found that lymphocyte 
infiltration into tumor epithelium, but not the total number of 
TILs, was associated with the expression of β‑catenin. This 
type of lymphocyte infiltration has been termed an “excluded” 
phenotype (38). Although cytotoxic T lymphocytes are thought 
to undergo antigen presentation in tertiary lymphoid structures 
or regional lymph nodes, a second round of T cell‑dendritic 
cell crosstalk is necessary for T cells to attack tumor cells (39). 
The activation of β‑catenin and suppression of APC infiltra‑
tion might suppress this crosstalk. Tumor β‑catenin activation 
blocks antigen presentation and crosstalk, creating a state of 
low antigenicity, which explains the remaining low PD‑L1 
TPS. Therefore, the activation of tumor β‑catenin might be a 
resistance mechanism of immune checkpoint blockers (37).

Tumor Wnt/β‑catenin signaling is involved in immune 
evasion and various carcinogenic and cancer developmental 
mechanisms including: i) maintenance of a stem cell‑like 
state; ii) activation of EMT; iii) tumor vascularization; and 
iv) treatment resistance (40). During immune evasion, Wnt 
ligands released by cancer cells induced canonical and 
non‑canonical Wnt signaling in dendritic cells, resulting in the 
secretion of the anti‑inflammatory cytokine interleukin‑10 and 
indoleamine 2,3‑dioxygenase 1 (IDO1), which impaired the 

ability of dendritic cells to cross‑prime cytotoxic T lympho‑
cytes via regulatory T cells (41,42). A previous study revealed 
that increased regulatory T cells were associated with a poor 
prognosis in NSCLC (43,44).

The role of β‑catenin has been studied in settings other 
than immune evasion, and β‑catenin has been a drug discovery 
target for several decades (45). However, in recent years, the acti‑
vation of β‑catenin has been considered a tumor‑cell‑intrinsic 
mechanism of primary and adaptive resistance to immu‑
notherapy via T cell exclusion, and has therefore attracted 
increasing attention as a target for drug discovery  (40). If 
β‑catenin inhibitors can turn a ‘cold’ tumor into a ‘hot’ tumor 
(with numerous tumor infiltrating lymphocytes), the effect of 
immunotherapy might be further enhanced.

In addition to these β‑catenin inhibitors, stimulator of 
interferon genes (STING) agonists are also attracting attention. 
STING is a receptor in the endoplasmic reticulum that propa‑
gates the innate immune sensing of cytosolic pathogen‑derived 
and self DNA. The STING pathway is critical for IFN‑β 
production and dendritic cell cross‑presentation  (13,46). 
Therefore, STING agonists provide a therapeutic strategy to 
initiate endogenous T cell priming.

The main limitation of the present study was that APCs were 
not detected by multiple colour immunohistochemistry. CD11c 
is expressed by dendritic cells and other APCs. The flow cytom‑
etry analysis of tumor infiltrating cells revealed that most tumor 

Figure 5. Immune evasion model of β‑catenin‑active NSCLC. The infiltration of APCs is suppressed; therefore, lymphocyte infiltration and PD‑L1 expression 
are low, even if the TMB and neo‑antigen expression are high. TMB, tumor mutation burden; PD‑L1, programmed death‑ligand1; NSCLC, non‑small cell lung 
cancer; APC, antigen presenting cells.
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infiltrating blood cells were HLA‑DR positive. Most CD11c+ 
cells were CD163‑positive M2 macrophages, but there were 
a few CD11c‑positive and CD163‑negative cells. The CD11c+ 
subset contained cells positive and negative for CD14 and CD86. 
These results indicate that CD11c was expressed by various type 
of APCs (20,21). Since only two patients were used for these 
analyses, the results can only be assumed in this instance.

A second study limitation was that the gene expressions 
of β‑catenin and ATF3, or CCL4 chemokine production were 
not examined. The whole exome data indicated mutations in 
CTNNB1 and other associated genes. However, these did not 
seem to be associated with β‑catenin expression, as assessed 
by immunohistochemistry. Therefore, the cause of β‑catenin 
expression was not determined. In addition, other mechanisms 
associated with β‑catenin‑associated cancer types, such as cell 
proliferation and EMT, were not investigated. Despite these 
limitations, the present results indicate that β‑catenin activa‑
tion influences immune evasion by decreasing the recruitment 
of CD11c+ cells and TILs in NSCLC. The development of 
novel therapeutic approaches targeting β‑catenin is likely to 
enhance the immunotherapy of NSCLC.
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