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Background: Various immune cells that play a central role in antitumor immunity accumulate in primary
tumors and regional lymph nodes. Such cellular accumulation and the molecular expression were analyzed to
elucidate the immunological tumor microenvironment.

Methods: Fifty squamous cell lung cancer patients with complete resection were included. Resected
specimens from primary lung tumors and regional lymph nodes were immunostained for immune-related
molecules, such as CD8, CD103, major histocompatibility complex (MHC) class I, and programmed cell
death protein ligand-1 (PD-L1), and the relationship between the prognosis and clinicopathological factors
was retrospectively analyzed.

Results: Tumor-infiltrating lymphocytes and CD8+ lymphocytes, intratumoral and intrastromal CD103+
lymphocytes, tumor diameter, pathological T and N factors, and pathological stage were significant
prognostic factors for the disease-specific survival (DSS) in a univariate analysis. In a multivariate analysis,
intratumoral and intrastromal CD103+ lymphocytes and pathological T and N factors were independent
prognostic factors of the DSS. Significant concordance was found between the PD-L1 expression of primary
tumors and metastatic lymph nodes as well as among tumor-infiltrating lymphocytes, CD8+ lymphocytes and
CD103+ lymphocytes. Infiltration of CD103+ lymphocytes into the tumor was significantly correlated with
an increased PD-L1 expression of cancer cells in both primary tumors and reginal lymph node metastases.
Both the intratumoral infiltration of CD103+ lymphocytes and PD-L1 expression of cancer cells were
significantly higher in lymph node metastases than in primary tumors.

Conclusions: CD103+ lymphocyte infiltration in the primary tumor was shown to be strongly involved in
the prognosis.
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Introduction

While immune checkpoint inhibitors (ICIs) have excellent
therapeutic efficacy as a standard treatment for lung cancer
and prolong the survival period, the response rate of a single
agent is about 20-40% (1-4), and the mechanism is often
unclear. To clarify the mechanism underlying the effects of
IClIs, it is essential to elucidate the immune response evoked
locally in the tumor in detail.

We previously focused on the local immune response
of the tumor and reported that cytotoxic T lymphocytes
(CTLs) and B lymphocytes that recognized cancer-specific
mutated p53 in a lung cancer case locally invaded the tumor
and caused a cancer-specific immune response (5). While
cancer-specific CTLs and B lymphocytes accumulate in
the tumor microenvironment and cause a cancer-specific
immune response, immune cells, such as regulatory T
lymphocytes, myeloid-derived suppressive cells (MDSCs),
and macrophages, also exist in the tumor microenvironment
and regional lymph nodes and induce their own cancer-
specific immune response. In addition, the immune-
related molecules that control the functions of immune
cells and cancer cells are diverse in nature and temporally
and spatially changing. Many aspects of how the immune
response evoked in the primary tumor or regional lymph
nodes is regulated and leads to an effective antitumor
immune response are unclear.

Tumor-infiltrating lymphocytes (TILs) are considered
to play a central role in antitumor immune surveillance
(6,7). CD8+ T lymphocytes are the major population of
T lymphocytes that cause an actual antitumor immune
response. CD8+ TILs were reported to be a favorable
independent prognostic factor (8,9). CD103, also known as
integrin aEB7 (I'TGAE), is a transmembrane heterodimer
complex involved in cell-to-cell to matrix interactions (10).
CD103 interacts with E-cadherin expressed in epithelial
cells and mediates cell adhesion, migration, and cell
lymphocyte homing (11). Therefore, CD103 is considered
a specific molecule of immune cells that resides within
the epithelium of mucosal organs, including the genital
tract, stomach, lung, and skin (12-15). CD103+ TILs were
also reported as a favorable prognostic factor (16-19). In
the present study we analyzed the prognostic effects of
molecules expressed on these effector immune cells in
patients undergoing surgery for squamous cell lung cancer.

Programmed cell death protein-1 (PD-1) is expressed
on the cell surface of T lymphocytes and regulates

hyperautoimmune responses . Programmed cell death
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protein ligand-1 (PD-L1), which is an immune-modulating
ligand of PD-1, is expressed on antigen-presenting cells
as well as cancer cells. Recently, ICIs were administered
to patients with non-small-cell lung cancer (NSCLC) and
demonstrated marked efficacy, even for chemotherapy-
resistant patients (1,2). Since ICIs block immune checkpoint
molecules expressed on cancer cells or immune cells, they
can block inhibitory signals from ligands and prolong
T lymphocyte activation (20). Therefore, the PD-L1
expression on cancer cells or immune cells is an important
factor involved in the antitumor immune response.

An elevated neutrophil-to-lymphocyte ratio (NLR) was
reported to be a poor prognostic factor in solid tumors,
including NSCLC, according to a high-quality meta-
analysis (21). An elevated platelet-to-lymphocyte ratio (PLR)
was also shown to be associated with a poor survival in
NSCLC patients (22,23). Diem et al. reported that elevated
NLR and PLR values before treatment were associated
with a poor overall survival (OS), progression-free survival
(PFS), and response rate in patients with metastatic
NSCLC treated with nivolumab (24). The NLR and PLR
are strongly related to the immune status and have been
reported as prognostic factors, so they were included in our
analysis.

In the present study, we investigated the relationship
between clinicopathological factors and the prognosis in
50 squamous cell lung cancer patients undergoing complete
resection, with a particular focus on the following points:

(I) Effect of clinical factors, such as the NLR and
PLR, which are related to the immune status, on
the prognosis;

(I) Effect of effector cell infiltration in primary tumors
and regional lymph nodes and the expression of
CD8 and CD103, which are molecules specific to
effector cells, on the prognosis;

(III) Effect of the PD-L1 expression of cancer and
immune cells in primary tumors and regional
lymph nodes on the prognosis;

(IV) Effect of the downregulation of major
histocompatibility complex (MHC) class I
expression of cancer cells in primary tumors and
regional lymph node metastases, which is known to
be the major escape mechanism of cancer cells, on
the prognosis;

(V) Differences in the immunological tumor
microenvironment between primary tumors and
regional lymph nodes.

We present the following article in accordance with the
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Figure 1 Evaluation of tumor infiltrating lymphocytes. HE-stained specimens of excised sections were used to evaluate TILs (proportion of

lymphocytes in the tumor stroma area), lymphoid follicle formation, and lymphocyte infiltration into tumor nests. The presence of lymphoid

follicles in the tumor and infiltrating lymphocytes in tumor nests was also confirmed. Typical cases are presented. The arrows in the left

panel represent TILs, the arrow in the upper right panel represents lymphoid follicles, and the arrows in the lower right panel represent

Iymphocytes in the tumor nests. The enclosed areas in the left panel show tumor nests. HE, hematoxylin and eosin; TILs, tumor-infiltrating

Iymphocytes.

REMARK reporting checklist (25) (available at https://
dx.doi.org/10.21037/tler-21-479).

Methods
Patients and samples

From August 2009 to June 2019, 50 patients with lung
squamous cell carcinoma who underwent complete
resection by lobectomy in our department were included in
the analysis. The pathological stage (p-stage) was decided
based on the current tumor, node, metastasis (TNM)
classification (26). In addition, the NLR and PLR were
calculated from preoperative blood sampling data. The
relationship between these clinicopathologic factors and the
prognosis was retrospectively analyzed.

This analysis was performed based on the Declaration
of Helsinki (as reviewed in 2013), and the protocol was
approved by Saitama Hospital Ethics Committee (R2019-
01). Written informed consent was obtained from all the
participants for publication of this study.
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Immunobistochemistry (IHC)

Hematoxylin and eosin (HE)-stained specimens of excised
sections were used to evaluate TILs (proportion of
lymphocytes in the tumor stroma area), lymphoid follicle
formation, and lymphocyte infiltration into tumor nests.
TILs were evaluated according to a previous report (6). The
presence of lymphoid follicles in the tumor and infiltrating
lymphocytes in the tumor nests was also confirmed (Figure I).

Serial sections from paraffin-embedded tumors were
stained with anti-CD8 (SP57), anti-CD103 (Abcam,
Cambridge, UK), anti-PD-L1 (SP263), and anti-MHC
class I [human leukocyte antigen (HLA)-A,B,C] (D370-
3H) (EMRS8-5.1) MBL. The Benchmark XT autostainer
(Ventana Medical System, Tucson, AZ, USA) was used
for IHC. For the evaluation of CD8+ and CD103+
lymphocytes, two pathologists used the same method as
for TILs to count the proportion of the tumor stroma area
where IHC-positive lymphocytes were present. The analysis
was then performed using the median value. CD103+
cells were evaluated separately for lymphocytes that
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Table 1 Patient characteristics

Variables Number
Age, years, median [range] 74 [57-88]
Sex

Male 37 (74%)

Female 13 (26%)
Brinkman index, median [range] 1,000 [0-3,480]
Performance status

0 42 (84%)

1 8 (16%)
p-T

1 26 (52%)

2 18 (36%)

3 4 (8%)

4 2 (4%)
p-N

0 41 (82%)

1 8 (16%)

2 1(2%)
p-stage

| 36 (72%)

I 11 (22%)

M 3 (6%)
Tumor size, mm, median [range] 22 [3-75]

NLR, median [range] 2.392 [0.72-7.471]

PLR, median [range] 125.7 [39.6-350.2]

NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte
ratio.

infiltrated the tumor nest (CD103 tumoral), lymphocytes
that infiltrated the tumor stroma (CD103 stromal), and
lymphocytes that infiltrated both the tumor nest and stroma
(CD103 total). Regarding the expression of MHC class I,
the ratio of cancer cells expressing MHC class I among
the viable cancer cells was used. To evaluate the PD-L1
expression in regional lymph nodes, the proportion of
IHC-positive immune cells among the immune cells in the
lymph nodes was calculated. The ratio of the area of IHC-
positive cancer cells to the total area of viable cancer cells

was calculated to evaluate the PD-L1 expression in cancer
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cells. Regarding the expression of CD103 in the regional
lymph nodes, the ratio of IHC-positive lymphocyte cells
among the lymphocytes was examined in the same manner
(LN CD103 stromal). In cases with regional lymph
node metastases, the proportion of CD103+ positive
lymphocytes among lymphocytes infiltrating the tumor
nests was calculated (LN CD103 tumoral). In 9 cases (18%),
metastasis was observed in the regional lymph nodes.

Statistical analyses

The Kaplan-Meier method was used for the survival
analysis, the log-rank test was used for the univariate
analysis, and a Cox proportional hazard model was used for
the multivariate analysis.

A receiver operating characteristics (ROC) curve analysis
was used to determine the cut-off values of the obtained
clinicopathological data. The #-test and Pearson’s product-
moment correlation coefficient were used to compare
the molecular expression. All P values were two-sided.
When the P value was <0.05, we regarded it as a significant
difference. Statistical analyses were performed with EZR
(Saitama Medical Center, Jichi Medical University, Saitama,
Japan), which is a graphical user interface for R (The R
Foundation for Statistical Computing, Vienna, Austria).
More precisely, it is a modified version of R commander
designed to add statistical functions frequently used in
biostatistics (27).

Results
Patient characteristics

The patients’ characteristics are presented in Table 1. The
cohort comprised 37 men (74%) and 13 women (26%)
with a median age at surgery of 74 (range, 57-88) years
old. There were 42 (84%) and 8 (16%) cases of Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) 0 and 1, respectively. There were 36, 11, and 3 cases
of pathological stage I, II, and III, respectively. Seven of
50 patients received adjuvant chemotherapy. There were
2 cases of UFT and 5 cases of cisplatin + vinorelbine. None
of the patients received neoadjuvant chemotherapy. The
observation period was 16-3,643 days (median: 1,218 days).
The 5-year OS rate was 60.0%, and the median survival
was 2,044 days. The 5-year disease-specific and disease-
free survival rates were 82.7% and 70.9%, respectively
(Figure 2).
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Figure 2 The disease-specific survival and disease-free survival. Kaplan-Meier curves of the disease-specific and disease-free survival are

shown. The 5-year disease-specific and disease-free survival rates were 82.7% and 70.9%, respectively.

Table 2 Pathological characteristics

Variables Number
TIL, %, median [range] 40 [7.5-80.0]
Follicule in tumor

Positive 27 (54%)

Negative 23 (46%)
Lymphocyte in tumor nest

Positive 30 (60%)

Negative 20 (40%)
CD8, %, median [range] 6 [0-56]
CD103 (tumoral), %, median [range] 25 [0-79]
CD103 (stromal), %, median [range] 3 [0-28]
CD108 (total), %, median [range] 4 [0-56]
MHC class |, %, median [range] 80 [0-99]
PD-L1 (TCS), %, median [range] 5 [0-97.5]
PD-L1 (ICS), %, median [range] 2.5 [0-50]
LN-PD-L1 (ICS), %, median [range] 30 [0-75]
LN-PD-L1 (TCS), %, median [range] 20 [0-75]
LN-CD1083 (stromal), %, median [range] 0 [0-32.5]
LN-CD103 (tumoral), %, median [range] 70 [7.5-97.5]

TIL, tumor infiltrating lymphocytes; MHC, major histocompatibility
complex; PD-L1, programmed cell death protein ligand-1; TCS,
tumor cell score; ICS, immune cell score; LN, lymph node.

© Translational Lung Cancer Research. All rights reserved.

Pathological analyses

The data obtained by the pathological evaluation are shown
in Table 2. The sensitivity and specificity were calculated
from the ROC curve, and the cut-off was decided (Table 3).

The disease-specific survival (DSS)

The relationship between the DSS and the expression of
each molecule is shown in Figure 34. Tumor-infiltrating
lymphocytes and CD8+ lymphocytes, intratumoral and
intrastromal CD103+ lymphocytes, the tumor diameter,
pathological T (pT), pathological (pN) factor, and the
p-stage were significant prognostic factors in the univariate
analysis (Table 4). In the multivariate analysis, intratumoral
and intrastromal CD103+ lymphocytes and pT and pN
factors were independent prognostic factors (Tuble 4).

The disease-free survival

The relationship between the disease-free survival and the
expression of each molecule is shown in Figure 3B. Tumor-
infiltrating CD8+ lymphocytes, intrastromal CD103+
lymphocytes, PD-L1+ immune cells in the regional lymph
nodes, the tumor diameter, pT, pN factor, and the p-stage
were significant prognostic factors in the univariate analysis
(Table 5). In the multivariate analysis, intratumoral CD103+
lymphocyte infiltration, PD-L1+ immune cells in the
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Disease specific survival

Disease free survival

Variables
Cut off R 95% ClI Sensitivity Specificity Cut off R 95% ClI Sensitivity  Specificity

Age 66 0.59 0.335-0.845 0.5 0.95 77 0.524 0.295-0.752 0.54 0.7
Brinkmann index 940 0.591 0.374-0.809 0.6 0.65 940  0.531 0.331-0.731 0.54 0.65
Performance status 1 0.462 0.348-0.577 0.1 0.825 1 0.496 0.377-0.614 0.15 0.84
NLR 2431 0.435 0.228-0.642 0.6 0.5 1.394 0.559 0.377-0.742 1 0.16
PLR 779 0502 0.273-0.732 0.3 0.85 110  0.518 0.327-0.708 0.77 0.43
pT 2 0.704 0.531-0.876 0.8 0.55 2 0.78 0.637-0.923 0.85 0.59
pN 1 0.694 0.52-0.868 0.5 0.875 1 0.681 0.531-0.832 0.46 0.89
p-stage I 0.8  0.649-0.951 0.8 0.775 I 0.861 0.743-0.978 0.85 0.84
Tumor size 33 0716 0.513-0.92 0.6 0.825 33 0.762 0.596-0.927 0.62 0.86
TIL 75 0.562 0.341-0.784 0.2 0.975 40 0.61  0.425-0.795 0.69 0.54
CD8 7 0.702  0.54-0.865 0.9 0.575 7 0.698 0.549-0.846 0.85 0.59
CD103 (tumoral) 1 0.549 0.332-0.765 0.2 0.975 37 0.588 0.402-0.774 0.77 0.43
CD103 (stromal) 2 0.678 0.502-0.853 0.7 0.7 2 0.656  0.492-0.82 0.62 0.7
CD103 (total) 3 0.611 0.384-0.839 0.7 0.675 3 0.603 0.404-0.802 0.62 0.68
MHC class | 70 0.589 0.403-0.774 0.7 0.575 95 0.583 0.419-0.747 1 0.24
PD-L1 (TCS) 35 0.506 0.287-0.726 0.6 0.55 4 0.479 0.287-0.671 0.69 0.43
PD-L1 (ICS) 25 0.55 0.371-0.729 0.8 0.425 1.5 0.467  0.3-0.634 0.85 0.24
LN PD-L1 (ICS) 20 0.528 0.301-0.754 0.5 0.75 75 0.453 0.255-0.652 0.08 1
LN PD-L1 (TCS) 75 0.45 0.0186-0.881 0.2 1 225 0.611 0.11-1.0 0.83 0.67
LN CD1083 (stromal) 5 0.505 0.297-0.713 0.3 0.875 4 0.562 0.387-0.738 0.31 0.84
LN CD108 (tumoral) 90 0.6 0.133-1.00 0.6 0.75 20 0.5 0-1.0 1 0.33

NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; TIL, tumor infiltrating lymphocytes; MHC, major histocompatibility
complex; PD-L1, programmed cell death protein ligand-1; TCS, tumor cell score; ICS, immune cell score; LN, lymph node.

regional lymph nodes, the tumor diameter, and the p-stage
were independent prognostic factors (Table 5).

Immunological tumor microenvironment in primary
tumors and regional lymph nodes

There was significant concordance among accumulations
in the tumor of TILs, CD8+ lymphocytes, and CD103+
lymphocytes [including CD103 (tumoral), CD103
(stromal), and CD103 (total) lymphocytes] (Figure 4A).
However, CD103+ lymphocytes were the only independent
prognostic factors in this analysis. While PD-L1 is easily
affected by surrounding environmental factors and easily
changes both temporally and spatially, there was also

© Translational Lung Cancer Research. All rights reserved.

significant concordance between the PD-L1 expression of
cancer cells in the primary tumors and that in the lymph
node metastases (Figure 4B). The PD-L1 expression of
cancer cells was also significantly higher in cases in which
lymphocytes or CD103+ lymphocytes had infiltrated the
tumor nest (Figure 4B). The PD-L1 expression of cancer
cells was also significantly higher in cases in which many
CD103+ lymphocytes were present in regional lymph nodes
(Figure 4B).

The comparison of the molecular expression of cancer cells
in primary and metastatic lesions

The intratumoral infiltration of CD103+ lymphocytes
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Figure 3 The relationship between the prognosis and the expression of each molecule. (A) The relationship between the disease-specific
survival and the expression of each molecule is shown. The left panel shows the expression of each molecule in different colors according to
the degree of expression. There were nine cases in which metastasis was found in the regional lymph nodes. The right panel shows the disease-
specific survival for each case. (B) The relationship between the disease-free survival and the expression of each molecule is shown. The left
panel shows the expression of each molecule in different colors according to the degree of expression. There were nine cases in which metastasis
was found in the regional lymph nodes. The right panel shows the disease-free survival for each case. MHC, major histocompatibility complex;
PD-L1, programmed cell death protein ligand-1; T'CS, tumor cell score; ICS, immune cell score; LN, lymph node.
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Table 4 Disease-specific survival
Univariate analysis Multivariate analysis
Variables
Subtypes  3-year survival (%) 5-year survival (%) P HR 95% ClI P
Age (years) <66 100 66.7 0.873
>66 85.4 85.4
Sex Female 84.6 84.6 0.494
Male 87.2 82.4
Brinkmann index <940 75.8 56.8 0.126
>940 92.4 92.4
Performance status <1 86.4 82 0.682
>1 87.5 87.5
NLR <2.431 86.9 80.2 0.726
>2.431 85.8 85.8
PLR <77.9 70 70 0.893
>77.9 89.2 84.5
pT <2 94.7 94.7 0.029 7.685 1.094-53.98 0.04
>2 79 72.4
pN <1 91.2 91.2 0.03 12.26 2.228-67.42 0.004
>1 68.6 54.9
p-stage <l 96.9 96.6 0.002 3.729 0.426-32.640 0.234
>l 68.3 59.7
Tumor size <33.0 93.8 93.8 0.003 0.514 0.0679-3.893 0.519
>33.0 66.6 55.5
TIL <75 33.3 0 0.006 0.4 0.014-11.65 0.593
>7.5 90.6 86.5
Follicule in tumor - 76.5 46.1 0.225
+ 95.2 70.9
Lymphocyte in tumor nest - 70.7 70.7 0.164
+ 96.6 90.9
CD8 <7.0 78 80.2 0.007 0.291 0.021-4.038 0.358
>7.0 94.7 94.7
CD103 (tumoral) <1.0 0 0 < 0.001 0.027 0.001-0.531 0.017
>1.0 88.2 84.4
CD1083 (stromal) <2.0 76.2 76.2 0.026 0.018 0.036-0.875 0.034
>2.0 90.2 85.7
CD103 (total) <3.0 73.3 73.3 0.076
>3.0 90.6 86.3

Table 4 (continued)

© Translational Lung Cancer Research. All rights reserved.
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Table 4 (continued)
Univariate analysis Multivariate analysis
Variables
Subtypes  3-year survival (%) 5-year survival (%) P HR 95% ClI P

MHC class | <70 90.2 81.2 0.36

>70 83.5 83.5
PD-L1 (TCS) <35 85 85 0.808

=35 87 81.2
PD-L1 (ICS) <25 86.6 86.6 0.546

>2.5 86.4 80.6
LN PD-L1 (ICS) <20 90.9 77.9 0.191

>20 85 85
LN PD-L1 (TCS) <75 62.5 46.9 0.927

>75 100 100
LN CD108 (stromal) <5.0 86.2 86.2 0.191

>5.0 87.5 65.6
LN CD108 (tumoral) <90 80 53.3 0.559

>90 50 50

NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; TIL, tumor infiltrating lymphocytes; MHC, major histocompatibility
complex; PD-L1, programmed cell death protein ligand-1; TCS, tumor cell score; ICS, immune cell score; LN, lymph node.

Table 5 Disease-free survival

Univariate analysis Multivariate analysis
Variables
Subtypes 3-year survival (%) 5-year survival (%) P HR 95% ClI P
Age (years) <77 83.8 83.8 0.016 1.767 0.45-6.867 0.411
>78 54.3 36.2
Sex Female 76.9 61.5 0.494
Male 74.3 74.3
Brinkmann index <940 64.5 64.5 0.346
>940 81 76.2
Performance status <1 76.3 72 0.959
>1 65.5 65.5
NLR <1.394 100 100 0.166
>1.394 711 66.9
PLR <110 83.1 83.1 0.118
>110 68.8 60.2
pT <2 95.7 95.7 0.009 2.804 0.275-28.55 0.384
>2 56.5 50.3

Table 5 (continued)
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Table 5 (continued)
Univariate analysis Multivariate analysis
Variables
Subtypes 3-year survival (%) 5-year survival (%) P HR 95% ClI P
pN <1 83.5 78.6 0.03 1.176 0.217-6.388 0.851
>1 43.8 43.8
p-stage <l 96.9 90.4 < 0.001 9.226 1.933-44.04 0.005
>l 38.1 38.1
Tumor size <33.0 87.7 87.7 < 0.001 6.974 1.760-27.64 0.006
>33.0 66.6 55.5
TIL <40 67.5 59.1 0.122
>40 81.2 81.2
Follicule in tumor - 65.7 65.7 0.21
+ 82.1 76.6
Lymphocyte in tumor nest - 68.4 57 0.082
+ 791 79.1
CD8 <7.0 58.7 50.3 0.007 1.039 0.140-7.732 0.971
>7.0 90.2 90.2
CD103 (tumoral) <37 67.6 60.1 0.144 0.167 0.033-0.842 0.03
>37 88.2 84.4
CD103 (stromal) <2.0 68.8 0 0.038 0.392 0.084-1.832 0.234
>2.0 79.2 79.2
CD103 (total) <3.0 73.3 0 0.144
>3.0 76.9 76.9
MHC class | <95 69.6 63.8 0.256
>95 85.7 85.7
PD-L1 (TCS) <4.0 80 80 0.817
>4.0 73.3 68.4
PD-L1 (ICS) <15 81.8 81.8 0.686
>1.5 73.2 68.6
LNL PD-L1 (ICS) <75 76.2 724 0.001 83.57 4.118-1,696.0 0.004
>75 85 85
LN PD-L1 (TCS) <22.5 0 0 0.165
2225 75 75
LN CD1083 (stromal) <4.0 77.9 734 0.474
>4.0 60 60
LN CD103 (tumoral) <20 100 100 0.326
>20 33.3 33.3

NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; TIL, tumor infiltrating lymphocytes; MHC, major histocompatibility
complex; PD-L1, programmed cell death protein ligand-1; TCS, tumor cell score; ICS, immune cell score; LN, lymph node.
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Figure 4 Mutual relationship of immune-related molecular expression (A) Pearson’s product-moment correlation coefficient was analyzed

to confirm the concordance among the tumor-targeted accumulations of TILs, CD8+ lymphocytes, and CD103+ lymphocytes. (B) Pearson’s

product-moment correlation coefficient was analyzed to confirm the concordance between the PD-L1 expression of cancer cells in the

primary tumors and in lymph node metastases. CI, confidence interval.

was significantly higher in lymph node metastases than in
primary tumors, and the PD-L1 expression of cancer cells
was also significantly higher in lymph node metastases than
in primary tumors (Figure 5).

Discussion

Cancer-specific lymphocytes are thought to be activated in

© Translational Lung Cancer Research. All rights reserved.

regional lymph nodes, infiltrate the local cancer, and kill
cancer cells (28). Primary tumors and regional lymph nodes
are central locations in the effector and priming phases,
respectively, and their immunological microenvironment is
thought to directly affect the antitumor immune response.
However, the types of immune cells involved in the
cancer immune response are diverse, and the cancer cells

themselves escape from the immune response and thus
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Figure 5 Comparison of molecular expression of cancer cells in primary and metastatic lesions. The molecular expression of cancer cells in

primary and metastatic lesions was compared by a #-test. The left panel shows the intratumoral infiltration of CD103+ lymphocytes in lymph

node metastases and primary tumors. The right panel shows the PD-L1 expression of cancer cells in lymph node metastases and primary

tumors. PD-L1, programmed cell death protein ligand-1; TCS, tumor cell score; meta, metastatic tumor cells, primary, primary tumor cells.

alter the expression of immune-related molecules. Indeed,
there are many unclear points regarding the relationship
between immune cells and cancer cells in primary tumors
and regional lymph nodes.

The prognosis is reportedly good in cases in which T
lymphocytes locally infiltrate lung cancer (6). Among T
lymphocytes, CD8 T lymphocytes play a central role in
killing cancer cells and thus can be sensitive biomarkers.
CD8, as we have previously reported, is an essential
molecule allowing CTLs to act as effector cells and
eliminate cancer cells (29). CD103 is a ligand of E-cadherin,
which is an adhesion molecule. CD103+ lymphocytes are
cancer-specific lymphocytes, and CD103+ lymphocytes
presenting at the tumor site were reported to be a favorable
prognostic factor in breast cancer (17). CD103 is mostly
expressed in solid tumors but is also expressed by subsets
of CD4+ T lymphocytes, natural killer (NK) cells, and
dendritic cells. CD103 on T lymphocytes is upregulated by
both antigen stimulation and transforming growth factor
(TGF)-B signaling. CD103 may be a marker for antigen-
educated effector T' lymphocytes present in tissues (30,31).
CD103+ T lymphocytes appear to be characterized by a
lower proliferative potential and higher cytokine production
capacity than CD103- T lymphocytes (32), and CD103
is involved in functional interactions between T cells and
epithelial tumor cells (13,33,34). Webb ez /. reported that
CD103+CD8+ TILs have a higher expression of activation
markers HLA-DR, PD-1, and Ki-67 and lower expression

© Translational Lung Cancer Research. All rights reserved.

of the naive T cell marker CD127 than do CD103-
ones (35). In addition, all CD103+ TILs express T-cell
intracytoplasmic antigen-1 (TTA-1), a marker of cytolytic
potential shown to be a strong prognostic factor in epithelial
ovarian cancer (36) and breast cancer (37). There is a
strong association between CD103+ TILs and the patient
survival. CD103+ TILs are a subset of cytotoxic CD8+
TILs that become highly activated by universally expressing
TIA-1. Piet et al. reported that most CD103+ CD8+ T
lymphocytes were able to more quickly upregulate cytotoxic
mediators than CD103- CD8+ T lymphocytes when they
were exposed to their specific antigens upon infection. This
allows for a rapid and adequate immune response (38).

We analyzed how often CD103+ lymphocytes are
present in the primary tumors and regional lymph nodes
of squamous cell lung cancer patients. The effect of the
CD103+ lymphocyte accumulation on the prognosis was
investigated. In this analysis, TILs and CD8 T lymphocytes
were not found to be independent prognostic factors, with
only CD103+ T lymphocytes an independent a prognostic
factor. Our data also showed that the infiltration of CD103+
T lymphocytes significantly improved the prognosis and
increased the PD-L1 expression of cancer cells.

PD-L1, which was known as B7 homolog 1 (B7-H1)
and CD274, was first discovered in 1999 and is located on
chromosome 9p24.1. PD-L1 is a member of the CD28+
cytotoxic T lymphocyte-associated protein 4 (CTLA-4)
receptor subfamily and is an extremely important

Transl Lung Cancer Res 2021;10(8):3520-3537 | https://dx.doi.org/10.21037/tlcr-21-479



3532

costimulatory molecule in the immune response, leading
to the induction of immune tolerance in the tumor
microenvironment (39). PD-L1 is widely expressed on
immune cells as well as various cancer cells (40). PD-1,
which is a PD-L1 receptor, is also widely expressed on
TILs, B lymphocytes, NK cells, monocytes, and dendritic
cells. PD-1/PD-L1 is a representative immune checkpoint
molecule. PD-L1 has been clinically applied as a predictor
of the effect of ICIs but often does not reflect the actual
effect of ICIs. In addition, the PD-L1 expression is
markedly influenced by the environment around the cells,
with strong heterogeneity, so many aspects of its function
are unclear.

Rittmeyer et al. reported that atezolizumab, which is
a humanized anti-PD-L1 antibody, induced a clinically
relevant improvement in the OS in NSCLC patients,
regardless of the PD-L1 expression of the cancer cells. Even
in cases where PD-L1 is low or undetectable, a significant
survival benefit is observed (41). In the present study, as
PD-L1 was thought to be involved in CTL reactivation in
not only primary tumors but also regional lymph nodes,
we confirmed the PD-L1 expression in cancer cells and
immune cells in both primary tumors and regional lymph
nodes. Since the expression of PD-L1 is heterogeneous and
susceptible to the effects of inflammatory cytokines, the
expression of PD-L1 of cancer cells in the primary tumors
and regional lymph nodes was expected to differ even
within the same patient. Surprisingly, however, this analysis
showed a positive correlation between the expression of
PD-L1 of cancer cells in the primary tumors and regional
lymph nodes. If the lymph nodes are not resected, the PD-
L1 expression of the primary cancer cells may reflect to
some extent the expression of lymph node metastases. In
addition, the PD-L1 expression of cancer cells was elevated
in cases where many lymphocytes and CD103+ lymphocytes
had infiltrated the tumor in both primary tumors and
regional lymph nodes. Therefore, in cases where primary
tumors induce strong immune responses, the regional
lymph nodes may also induce strong immune responses.
However, in the present analysis, only 9 (18%) cases had
regional lymph node metastases, so further analyses will be
required to reach a conclusion.

Conversely, we noted no correlation between the
primary tumors and regional lymph nodes in the PD-
L1 expression of immune cells. In addition, the PD-L1
expression of immune cells in the regional lymph nodes was
an independent prognostic factor for a poor DFS. PD-L1
antibody can induce a tumor regression effect even in PD-
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L1-negative cancer cells without tumor-infiltrating PD-
L1+ immune cells, possibly due to the blocking of PD-L1
expression on immune cells in regional lymph nodes.

Chen et al. observed a negative correlation between
the PD-L1 expression and CD8+ TIL density in tumors
(r=-0.461, P<0.001). Patients with a high density of CD8+
TILs in tumors showed a better prognosis than those with a
low density of cells. The best prognosis for cervical squamous
cell carcinoma patients was shown in the high-density PD-
L1-/CD8+ TIL group, and the worst prognosis was shown
in the low-density PD-L1+/CD8+ TIL group (42). Burrack
reported that the PD-L1 expression was associated with the
CD8+ TIL density in pancreatic cancer tissue, implying the
tumor immune response and immunogenicity of tumors (43).
The expression of PD-L1 of immune cells was reportedly not
associated with lymph node metastasis, tumor stage, nerve
infiltration, or vascular infiltration (44,45). Hatogai et al.
reported that the PD-L1 expression of cancer cells and
immune cells, which were not associated with any clinical or
pathological factors, was associated with a good survival of
patients with squamous cell carcinoma of the esophagus (46).
Xu et al. suggested that PD-L1 might be an important
biomarker of a poor prognosis and certain clinicopathological
features of renal cell carcinoma (high TNM stage, poor
nuclear grade, necrosis). The upregulation of PD-L1
expression was significantly associated with an increased risk
of death [combined relative risk (RR) 2.90, 95% confidence
interval: 1.64-5.13] (47). Shi et al. reported that a significant
prognostic effect of the PD-L1 expression of cancer cells
was observed only among squamous cell carcinoma of
the esophagus patients with a PD-L1 expression rate on
immune cells of <30% (48). We also previously examined
the relationship between the postoperative survival and PD-
L1 expression patterns of 105 pulmonary neuroendocrine
tumor patients. The PD-L1 expression ratios in small cell
carcinoma/large cell neuroendocrine carcinoma/typical
carcinoid/atypical carcinoid were 26.1%/50%/15.4%/20%,
respectively. However, this value was not significantly
correlated with the prognoses of any of these patients (49).
The influence of the PD-L1 expression by cancer cells on the
prognosis varies among studies and remains controversial.

The PD-L1 expression of cancer cells inhibited the
immune function of T cells and induced immune evasion
of cancer cells (50). Dendritic cells expressing PD-L1 were
unable to activate the proliferation of CD8+ T cells, and
antibodies against PD-L1 were able to restore activation (51).
Effector CD8+ T lymphocytes primed in the presence of
PD-L1 signaling showed a reduced cytokine production
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and cytotoxic activity compared to CD8+ T lymphocytes
in the absence of PD-L1 (52). The upregulation of PD-
L1 expression on immune cells indicates an inhibitory
immune environment, and under the inhibitory immune
system, PD-L1 expressed on cancer cells plays a limited
role in immunosuppression. The PD-1/PD-L1 signaling
pathway has been shown to transmit inhibitory signals to
T lymphocytes and promote immune evasion of cancer
cells (53). Batur et 4/. reported that the concordance of the
PD-L1 expression on cancer cells was high between primary
NSCLCs and their synchronous brain metastases (54).
According to our data, there was also significant concordance
between the PD-L1 expression of cancer cells in primary
tumors and lymph node metastases. In addition, the PD-
L1 expression of cancer cells was significantly higher in
lymph node metastases than in primary tumors. This may
be influenced by the fact that the CD103+ lymphocyte
infiltration was significantly higher in lymph node metastases
than in primary tumors.

These findings may facilitate the development of more
effective immunotherapy. In addition, in the current
surgical treatment, all regional lymph nodes were removed
in order to eliminate metastatic lesions. However, if an
important reaction inducing an effective cancer immune
response within regional lymph nodes without lymph
node metastasis were to be found, it might be acceptable
to consider not resecting the lymph nodes in the future, as
ICIs are extremely effective (55).

MHC class I is necessary for cancer cells to present
antigens and is the most important molecule allowing
lymphocytes to recognize cancer cells. Cancer cells
reportedly escape the immune response by reducing the
MHC class I expression (56,57). A decreased expression
of MHC class I may be a poor prognostic factor, but
reports on this point are limited. Changes in MHC class I
expression alone reportedly had effect on the OS (58,59).
The downregulation of the HLA class I expression was
reported in 25-94% of NSCLCs. We previously analyzed
the relationship between the MHC class I expression and
the prognosis in 403 resected NSCLC patients and found
no significant difference between the groups with a normal
and decreased expression (60). Furthermore, 50% of lung
cancer cell lines had abnormalities in their MHC class 1
expression. The MHC class I expression by cancer cells was
absent due to abnormalities in the p2-microglobulin (82-m)
gene, and this expression was restored by the transduction
of wild-type p2-m. MHC class I-deficient cells were spared
from CTL attack, and reconstitution of the MHC class I
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expression of cancer cells induced CTL recognition against
such cancer cells (61). The tumor antigens presented on
MHC class I that was no longer expressed in lung cancer
were identified by a cDNA expression cloning method
using the tumor-specific CTL clones (62,63). In the present
study, 2 (4%) of 50 squamous cell lung cancers showed <1%
expression of HLA class I. Our previous analysis showed
that these cancer cells without MHC class I expression
could escape from CTL attack.

In the present study, the NLR and PLR were not
prognostic factors, although the NLR was reported to
be an independent poor prognostic factor in cases of
NSCLC resection (64). The NLR was also an independent
prognostic factor according to multivariate analyses
conducted among 44 NSCLC patients receiving ICIs (65).
However, in the present analysis, neither the NLR nor the
PLR was found to correlate with other immune-related
factors or the prognosis. The presence of Treg-containing
lymphoid follicles in the tumor of squamous cell carcinoma
of the lung was reported to be an independent poor
prognostic factor (66), but our analysis did not show any
significant difference between lymphoid follicle formation
and prognosis. The tumor diameter was reported to be an
independent prognostic factor in stage IB NSCLC resection
cases (67). Theoretically, as the tumor diameter increases,
the effector-to-target ratio decreases, and the antitumor
effect consequently decreases. In the present analysis, the
tumor diameter was also an independent prognostic factor
of the disease-free survival.

This study was limited by its inclusion of old surgical
specimens from 2009 and the fact that the analysis evaluated
50 cases (with only 9 cases having regional lymph node
metastases). A patient with a 16-day observation period died
suddenly from another illness at home.

In the present study, the following points became clear:

(D Tumor infiltration of TILs, CD8+ lymphocytes,
and CD103+ lymphocytes in primary tumors
tended to be associated with a good prognosis,
but tumor infiltration of CD103+ lymphocytes
was particularly strongly associated with a good
prognosis.

(II) In both the primary tumors and regional lymph
nodes, the PD-L1 expression of cancer cells was
increased when lymphocytes, including CD103+
lymphocytes, invaded the tumor.

(IIT) More CD103+ lymphocytes invaded the tumor,
and the PD-L1 expression of cancer cells was also
more markedly increased in regional lymph nodes
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than in primary tumors.

(IV) This is the first report comparing the infiltration
of various immune cells and the expression of
immune-related molecules actually seen in primary
tumors and regional lymph nodes of squamous cell
lung cancer-bearing patients.

In this study, we analyzed the expression of immune-
related molecules in the primary tumors and regional lymph
nodes of patients who underwent resection of squamous
cell lung cancer, and the prognosis was particularly good for
those with a large amount of CD103+ TILs. The efficacy
of ICIs may be expected in cases with marked tumor
infiltration of CD103+ lymphocytes.
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