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tions of Ty, cells in regional lymph nodes (LNs) of esophageal cancer remain poorly

LNs of esophageal cancer on clinicopathological findings and prognosis. Specimens of
esophageal cancer and primary metastatic LNs (recurrent nerve LNs) were obtained
from 84 patients who underwent radical esophagectomy between 2011 and 2017.
We performed immunohistochemistry to enumerate and analyze T, cells, and used
flow cytometry to investigate the function of T, cells. T, cells were observed in
both metastatic LNs and primary tumors. T, cell-rich specimens exhibited reduced
lymphatic invasion and LN metastasis and prolonged survival compared with T, cell-
poor specimens. Tg,, cells in metastatic LNs were more significantly associated with
enhanced survival than Tg,, cells in primary tumors. Tg,, cells expressed high levels
of granzyme B as a cytotoxicity marker. Our results suggested that high T, cell infil-
tration in metastatic LNs improves survival even though LN metastasis is commonly
associated with poor prognosis. T, cells possibly contribute to antitumor immunity
in regional LNs.
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1 | INTRODUCTION

Esophageal squamous cell carcinoma (ESCC) is the predominant
histological subtype worldwide and known for its very poor prog-
nosis, which is related to high rates of recurrence and lymph node
(LN) metastasis. In our opinion, further investigation of antitumor
immune response within metastatic LNs may enable us to uncover
antitumor immunity of regional LNs, which remains poorly under-
stood. Among regional LNs, the recurrent nerve LNs, which are
designated No. 106rec LNs according to the 11th edition of the
Japanese Classification of Esophageal Cancer,? play a crucial role in
ESCC because they exhibit a high rate of metastasis and function
as sentinel LNs, which are the first LNs receiving lymphatic drain-
age from the primary tumor.®* In addition, No. 106rec LNs locate
around the important organ, which is the recurrent nerve. Surgical
procedures involving extensive LN dissection occasionally cause re-
current nerve palsy, which sometimes results in postoperative aspi-
ration pneumonia as a fatal post-surgical complication. Considering
the predicted future increases in the number of elderly patients, un-
necessary LN dissection should be avoided. If a strong antitumor im-
mune response could be induced within No. 106rec LNs, dissection
might be rendered unnecessary.

CD8™" tumor-infiltrating lymphocytes play an important role in
antitumor immunity and are associated with a favorable progno-
sis in many kinds of tumors, as summarized in several reviews.>®
CD8'CD103" T cells, also referred to as tissue-resident memory
T (Tgp) cells, are noteworthy in that they are associated with signifi-

cantly improved survival in some carcinomas.” 2 T

rum Cells generally
reside in the peripheral tissues, including tumoral lesions, and they
never recirculate into the blood.!® These cells are characterized and
defined by expression of the CD103 antigen, also known as inte-
grin «E/B7, which binds to E-cadherin.}* Although several studies
have documented a positive effect of T, cells in primary lesions on
prognosis, the effect of T, cells in the secondary lymphoid organs
remains to be elucidated.

In this study, we targeted T, cells in No. 106rec LNs to deter-
mine whether the antitumor immune response within the tumor-

draining LNs of ESCC contributes to prognosis.

2 | MATERIALS AND METHODS

2.1 | Patients and samples

We surveyed our department data, which included 639 patients who
underwent radical esophagectomy for thoracic esophageal cancer
at Osaka City University (currently Osaka Metropolitan University,
Osaka, Japan) between 2011 and 2017 (Figure 1A). The mean fol-
low-up time was 54 months (range, 0-135 months). To examine de-
tails regarding No. 106rec LN metastasis, we excluded patients with
(i) incomplete data (6 cases), (ii) residual tumors (R1 or R2; 43 cases),
(iii) salvage surgery (60 cases), (iv) neoadjuvant chemoradiotherapy
(23 cases), (v) post-endoscopic submucosal resection (39 cases), or
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(vi) no SCC histologically (six cases). A total of 462 patients were fi-
nally included in the investigation of the clinical significance and Ty,
cells of No. 106rec LNs. Exclusion criteria were defined to evaluate
primary lesions over the same period. A total of 84 of these patients
presented with No. 106rec LN metastasis and were, therefore, in-
cluded in the study.

Metastatic LNs (No. 106rec) and primary tumor samples were
obtained from the 84 included patients. The mean patient age was
65.8years (range, 48-82years), and the group included 73 (86.9%)
men and 11 (13.1%) women. A total of 66 of the 84 (78.6%) pa-
tients received neoadjuvant chemotherapy (NAC). Indications for
preoperative chemotherapy and details of the regimens were in
accordance with relevant esophageal cancer treatment guidelines.
The preoperative regimen was two cycles of 5-FU+cisplatin (FP),
5-FU +nedaplatin (FGP), or docetaxel+cisplatin +5-FU (DCF). FP
consisted of a 4-week cycle of fluorouracil at a dose of 800mg/m2
of body surface area on days 1 to 5 and cisplatin at a dose of 80mg
per square meter on day 1. FGP consisted of a 4-week cycle of flu-
orouracil at a dose of 800mg/m? on days 1 to 5 and nedaplatin at a
dose of 90 mg per square meter on day 1. DCF consisted of a 4-week
cycle of fluorouracil at a dose of 800 mg/m2 on days 1 to 5, cisplatin
at a dose of 80 mg/m2 on day 1, and docetaxel at a dose of 30 mg/m2
ondays 1 and 15.

The chemotherapy dose was reduced as needed in accordance
with the patient's condition and adverse events. The mean follow-up
time was 30.0 months (range, 2-89 months). Based on the Japanese
Classification,? the tumor locations were defined as upper thoracic
esophagus (Ut)/middle thoracic esophagus (Mt)/lower thoracic
esophagus (Lt), and histological type was indicated as differenti-
ated type (well differentiated/moderately differentiated)/undiffer-
entiated type (poorly differentiated). All pathological stages were
recorded according to the 8th UICC TNM Classification.!®

This study was carried out in accordance with the Declaration
of Helsinki and approved by the Osaka City University Ethics
Committee. Written informed consent was obtained from all
patients before enrollment.

2.2 | Efficacy index

The role of No. 106rec LNs in ESCC was examined based on the ef-
ficacy index (El), defined as the effect on survival time of the dissec-
tion of each LN type.® The El was calculated as follows: frequency
(%) of metastasis to each LN x 5-year survival rate (%) of patients
with metastasis to that LN = 100.3%¢

2.3 | Immunohistochemistry

Metastatic LNs and primary tumors of human specimens from
patients with ESCC were embedded in paraffin blocks, cut into
4-pum-thick sections, and fixed with 10% formalin at room tempera-
ture for 6 to 48h. After incubation at 60°C for 10 min, the sections
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FIGURE 1 (A) Patient disposition chart. (B) Box plot. Comparison of the number of metastatic lymph nodes (LNs) between No. 106rec
positive and negative in pN-positive cases. *p <0.05, statistically significant. (C, D) Comparison of overall survival (OS) based on No. 10érec
LN metastasis in pN-positive cases using Kaplan-Meier plots and the log-rank test. *p <0.05, statistically significant. (C) All pN-positive

cases. (D) Ut/Mt or Lt cases.

were deparaffinized with xylene and rehydrated twice in a step-
wise ethanol series (70%, 80%, 90%, and 100%) for 3 min each.
Endogenous peroxidase activity was quenched by treatment in 3%
hydrogen peroxide with absolute methanol at room temperature for
15min. After washing in PBS, the sections were autoclaved at 121°C
for 10 min for antigen retrieval using Target Retrieval Solution (100x
citrate buffer [pH 6.0]; Dako, Agilent Technologies). Nonspecific
binding was blocked using nonspecific staining blocking reagent
(pre-diluted; Nichirei Biosciences). The sections were then reacted
with the primary antibody overnight at 4°C and subsequently incu-
bated with secondary antibody and streptavidin-horseradish per-
oxidase (pre-diluted; Nichirei Biosciences) for 10 and 5 min each at
room temperature. After washing in PBS, the sections were visual-
ized by treatment with 3,3’-diamino-benzidine for 5 min and then
counterstained with hematoxylin for 30s at room temperature be-
fore mounting. The primary antibodies used in the study were as
follows: rabbit monoclonal anti-CD103 (clone: EPR4166(2); cat.
no. ab1292202; 1/1000; Abcam), mouse monoclonal anti-CD8
(clone: C8/144B; cat. no. M7103; 1/250; Dako), rabbit monoclo-
nal anti-CD4 (clone: EPR6855; cat. no. ab133616; 1/250; Abcam),
mouse monoclonal anti-E-cadherin (clone: NCH-38; cat. no. M3612;
1/200; Dako), mouse monoclonal anti-HLA-class | (clone: HC10;
cat. no. MUB2037P; 1/200; Nordic-MUbio), and mouse monoclonal

anti-HLA-class Il (clone: CR3/43; cat. no. sc-53,302; 1/200; Santa
Cruz Biotechnology).

2.4 | Evaluation of immunohistochemical staining
Metastatic LNs and primary tumor sections stained with anti-
CD103 antibody were scanned at x400 magnification. The five
most-representative high-power fields including CD103" cells were
randomly selected regardless of tumor or metastatic location. We
calculated the average number of CD103% cells in five fields. All
microscopic images were imported from the DP-73 digital photo
filing system (Olympus). The cut-off value was determined from a
time-dependent receiver operating characteristic (ROC) curve of
five-year postoperative survival as the stated variable. The ROC
curve is shown in Figure S1. We divided the patients into two groups
according to this value.

2.5 | Immunofluorescence double staining

Human specimens of metastatic LNs in paraffin-embedded blocks
were cut into 4-pm-thick sections. After heat-mediated antigen
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FIGURE 2 (A-D) Representative images of immunohistochemical analysis using an anti-CD103 antibody. Scale bar, 100 um. (A) Normal
lymph nodes (LNs). (B) CD103* cells poorly infiltrating metastatic LNs. (C) CD103™ cells highly infiltrating metastatic LNs. (D) Primary
tumor. (E) We compared CD103 expression between metastatic LNs and primary lesions using Spearman's rank correlation coefficient. (F)
Comparison of CD103"&" and CD103'% groups in terms of the number of metastatic LNs among all LNs or primary tumors using the Mann-

Whitney U test. *p <0.05, statistically significant.

retrieval and immunohistochemical analysis, nonspecific binding
was blocked using nonspecific staining blocking reagent (Dako).
The sections were incubated with rabbit monoclonal anti-CD103
antibody (clone: EPR4166(2); 1/1000: Abcam), mouse monoclonal
anti-CD8 antibody (clone: C8/144B; 1/250: Dako), mouse mono-
clonal anti-granzyme B antibody (cat. no. sc-8022; 1/100; Santa
Cruz Biotechnology), and mouse monoclonal anti-CD11c antibody
(cat. no. ab215858; 1/100; Abcam) at 4°C overnight. The sections
were subsequently incubated with Alexa Fluor 488-labeled goat
polyclonal anti-rabbit 1gG antibody (cat. no. ab150113; 1/1000:
Abcam) and Alexa Fluor 647-labeled goat polyclonal anti-rabbit
1gG antibody (cat. no. ab150079; 1/1000: Abcam) for 1 h at room
temperature. Prolong Gold antifade reagent with DAPI (cat. no.
P36935; Invitrogen/Thermo Fisher Scientific) was then added
to the sections and covered with glass coverslips. Digital images
were taken using an all-in-one fluorescence microscope (BZ-8000:
Keyence).

2.6 | Flow cytometry

Flow cytometry was performed to analyze the surface and intracel-
lular markers of T, cells in single-cell suspensions of LNs obtained
from freshly resected tumors from esophageal cancer patients.
Approximately 1 cm® of tissue was sampled partially from suspected
metastatic LNs before surgery; the samples were confirmed as
metastatic pathologically (n = 8). The tissues were first minced and
digested with type | collagenase (1 mg/mL) in RPMI-1640 medium
(FUJIFILM Wako Pure Chemical) at 37°C for 30min. Subsequently,
the cell suspension was filtered through a 70-um nylon mesh (BD
Falcon; BD Biosciences).

To assess the production of intracellular cytokines by T cells,
CD8™" T cells were stimulated using a T Cell Activation/Expansion
Kit, Human (Mitenyi Biotec) according to the manufacturer's instruc-
tions. After incubation for 48h at 37°C in a humidified incubator,
the cells were collected and washed with PBS, saturated with BD
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TABLE 1 Association between clinicopathological features and
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infiltration of CD103* T cell into metastatic lymph nodes (LNs).

Age
<60year 63
>60year 21

Sex
Female 11
Male 73
Location
Ut 20
Mt 39
Lt 25

Histological type

Well 8
Moderate 46
Poor 22
Unknown 8

Neoadjuvant chemotherapy

+ 66

- 18
pT”

T1 23

T2 19

T3 40

T4 2
pN?

N1 36

N2 29

N3 19
pStage®

Stage Il 17

Stage lll 51

Stage IV 16
pN-JCP

N1 29

N2 43

N3 11

N4 2

Lymphatic invasion

4 58

= 26
Venous invasion

+ 19

- 65

CD103+ cells

Low (n = 51) High (n = 33)
36 27
15 6
8 3
43 30
11 9
24 15
16 9
5 3
28 18
15 7
3 5
40 26
11 7
12 11
8 11
29 11
2 0
18 18
18 11
15 4
8 9
31 20
12 4
13 15
29 14
8 3
1 1
41 17
10 16
12 7
39 26

p-Value*

0.307

0.515

0.844

0.529

0.0648

0.117

0.266

0.235

0.0077*

*Fisher's exact probablity test; p <0.05, statistically significant.

*TNM Classification of Esophageal squamous cell carcinoma, 8th ed.

®Japanese Classificasion of Esophageal Cancer, 11th ed.

Fetal Bovine Serum Stain Buffer (BD Biosciences) and then incu-
bated at 4°C for 30 min with the following antibodies against surface
markers: FITC-labeled anti-CD3 (clone: UCHT1: cat. no. 555332; BD
Biosciences) and PE-labeled anti-CD8 (clone HIT8a: cat. no. 555635;
BD Biosciences) to characterize and categorize cytotoxic T cells;
BV421-labeled anti-CD103 (clone: Ber-ACT8: cat. no. 563882; BD
Biosciences) to identify Tgrm cells; and APC-labeled anti PD-1 (clone
MIH4; BD Biosciences).

To assess T cell apoptosis, dead cells were stained with Fixable
Viability Stain 780 (cat. no. 565388: BD Biosciences). Cells were
subsequently permeabilized and fixed on ice for 20min using
Fixation/Permeabilization Solution (BD Biosciences). The cells
were then washed with Perm/Wash buffer (BD Biosciences) and
stained with Alexa-Fluor 647-labeled anti-granzyme-B (clone:
GB11: cat. no. 560212; BD Biosciences) at 4°C for 30 min. Flow
cytometry data were acquired on a BD LSRFortessa X-20 sys-
tem (BD biosciences) equipped with FACSDiva software (BD
Biosciences) and analyzed with FlowJo software, version 10 (Tree
Star).

2.7 | Statistical analysis

All statistical analyses were performed using EZR,Y” which is R
software with a modified version of R commander designed to
add statistical functions frequently used in biostatistics. Fisher's
exact probability test was used to compare categorical variables.
Continuous variables were compared using the Mann-Whitney U
test. Overall survival (OS) and relapse-free survival (RFS) curves
were compared using the Kaplan-Meier method, and the signifi-
cance of differences in survival was analyzed using the log-rank
test. The date of surgery was set as the starting point for the meas-
urement of OS. RFS was defined as the time between the date of
surgery and recurrence. The Cox proportional hazard model was
used for univariate and multivariate analyses of prognostic factors.
The correlation between CD103 expression in metastatic LNs and
primary lesions was examined using Spearman's rank correlation
coefficient. Propensity score matching was performed to achieve
balance of pStage Il versus I11/1V between CD103"&" and CD103'°%.
Propensity scores were calculated using multivariate logistic re-
gression models. Matching based on propensity scores was per-
formed using a 1:1 nearest-neighbor algorism, with a caliper width
of 0.2. p-values <0.05 were considered to indicate statistically sig-

nificant differences.

3 | RESULTS
3.1 | Clinical importance of No. 106rec LNs
Of the 462 cases examined, 248 were pathologically positive for

LN metastasis, of which 84 involved metastasis in No. 106rec LNs.
Among the pN-positive cases, those with positive No. 106rec LNs also
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FIGURE 3 Prognostic effect of CD103" T cells as determined using Kaplan-Meier plots with the log-rank test and box plot. *p <0.05,
statistically significant. (A) Overall survival (OS) and RFS based on metastatic LNs. (B) OS and RFS based on primary tumors. (C) OS in Ut/
Mt or Lt. (D) Comparison of the number of metastatic LNs, OS, and relapse-free survival (RFS) between CD103"®" and CD103'°" matched by

pStage, and (E) OS in patients who received NAC.

had a significantly higher total number of LN metastases (Figure 1B).
Prognosis was worse in patients with metastasis in No. 106rec LNs
than in those without metastasis in these LNs, with 5-year survival
rates of 44% and 70%, respectively (Figure 1C). This trend was the
same whether the primary site was in the upper/middle or lower tho-
racic region (Figure 1D).

The effectiveness of No. 106rec LN dissection was evaluated
based on the El, which was calculated at 8.00, a relatively high
value. These findings indicate that No. 106rec LNs are an import-
ant prognostic basis for thoracic esophageal cancer. Therefore, we
focused on No. 106rec LNs to evaluate the immune microenvi-
ronment within LNs in esophageal cancer and its relationship to

prognosis.

3.2 | Clinicopathological features of CD103+ cells
in metastatic lymph nodes and primary lesions

Immunohistochemical analyses revealed few CD103" cells in non-
metastatic LNs (Figure 2A). In contrast, a large number of CD103" cells
were observed among LNs and primary tumors exhibiting pathological
signs of metastasis, and these CD103* cells adhered to tumor cells
as if infiltrating the metastatic tumor (Figure 2B,C,D). The number of
CD103* cells infiltrating primary tumors showed a weak positive cor-
relation with the number of CD103™ cells in metastatic LNs (r = 0.362,
p = 0.0007) (Figure 2E). We then classified the CD103" cells into two
groups, CD103"&8"(n = 33) and CD103"°%(n = 51), using ROC curves

(The cut-off value; 28.8 cells per field) and examined the relationship
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TABLE 2 pStage-matched cases (n = 66). Association between
clinicopathological features and CD103 expression.

CD103 +cells
n Low (n = 33) High(n=33) p-Value*
Age
<60year 49 22 27 0.26
>60year 17 11 6
Sex
Female 5 2 3] 1
Male 61 31 30
Location
Ut 19 10 9 0.732
Mt 32 17 15
Lt 15 6 9
Histological type
Well 6 5 3 0.685
Moderate &7 19 18
Poor 16 9 7
Unknown 7 2 5
Neoadjuvant chemotherapy
+ 50 24 26 0.775
- 16 9 7
pT”
T1/2 36 14 22 0.083
T3/4 30 19 11
pN?
N1 30 12 18 0.216
N2/3 36 21 15
pStage?
Stage Il 23 8 9 1
Stage lll/IV 49 25 24
pN-JCP
N1 26 11 15 0.634
N2 32 18 14
N3 7 4 3
N4 1 0 1
Lymphatic invasion
+ 43 26 17 0.037*
= 23 7 16
Venous invasion
+ 14 7 7 1
- 52 26 26

*Fisher's exact probablity test; p <0.05, statistically significant.
*TNM Classification of Esophageal squamous cell carcinoma, 8th ed.
®Japanese Classificasion of Esophageal Cancer, 11th ed.

with clinicopathological background (Table 1). No associations be-
tween most of the factors and CD103* cell infiltration were observed.
However, patients with advanced CD103" cell infiltration exhibited

less lymphatic invasion of the primary tumor and significantly fewer

total LN metastases (Figure 2F).

3.3 | Intra-tumoral CD103+ cells in metastatic
lymph nodes predict a good prognosis

We next investigated the prognostic effect of CD103™ cell infiltra-
tion in 84 patients with pathologic LN metastasis in No. 106rec
LNs. Application of the Kaplan-Meyer method with the log-rank
test showed that the CD103M"e" group had significantly longer OS
(Figure 3A, p = 0.020). Regarding RFS, there was no difference
between the groups (p = 0.230). CD103 expression in primary tu-
mors was not associated with significant improvement in OS or RFS
(Figure 3B). Among Ut/Mt ESCC cases, the CD103"&" group had a
better prognosis than the CD103'°% group (Figure 3C, p = 0.0267).
Moreover, to adjust the balance of pathological progression, we
matched pStage based on propensity scores between cD103Me"
(n = 33) and CD103"" (n = 33) (Table 2). We compared the matched
two groups for OS, RFS, and the total number of LN metastasis.
Those results showed that there were no statistical differences in
RFS and the number of LNs metastasis, but CD103"€" prolonged OS
significantly rather than CD103'°¥ (Figure 3D).

Interestingly, among 65 patients who received NAC, the
CD103"&" group was associated with a much more favorable prog-
nosis than the CD103"°" group (Figure 3E, p = 0.006). The NAC reg-
imen (FP:FGP:DCF) for the CcD103Meh group was 16:2:8; in contrast,
that for the CD103"°% group was 23:11:6 (p = 0.090). CD103™ cell
infiltration within No. 106rec metastatic LNs was identified as an
independent prognostic factor along with pathologic stage (Table 3).

3.4 | Phenotypes and activation markers of
CD103" T cells

We next examined whether CD103" cells in the tissues function as
effector cells. Simple immunohistochemical analysis using anti-CD8
and -CD103 antibodies suggested that CD103" and CD8" cells in-
filtrating tumors were identical, and double staining confirmed that
many CD103" cells directly infiltrating tumors in the LNs were also
CD8™ (Figure 4A,B). Flow cytometry analysis indicated that 68% of
CD8" cells within metastatic LNs were also CD103" (Figure 4C,D).
In contrast to the above results, a single-staining study of CD4™"
cells showed little similarity between the distribution of CD103"
cells and tumor-infiltrating CD4™ cells (Figure 5A). CD103* dendritic
cells were also examined by double staining, but most CD103™ cells
infiltrating tumors were CD11c™ (Figure 5B). In the immunohisto-
chemistry of HLA-class | and II, tumor lesions of CD103"°" had low
expression on both HLA class | and Il. In contrast, CD103"&" ex-
pressed high HLA class | but expressed low HLA class Il (Figure 5C).
The cytotoxic activity of CD103™" T cells was examined by double
immunofluorescence staining of the intracellular cytokine granzyme

B, which revealed that most of the CD103* cells contained granzyme
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TABLE 3 Univariate and multivariate analyses of prognostic factors in esophageal squamous cell carcinoma (ESCC) patients who received

neoadjuvant chemotherapy.

5-year overall survival

Univariate analysis

Multivariate analysis

Variable Hazard ratio (95% Cl)

Age (<60year/>60year) 1.621 (0.715-3.677)
Sex (Female/Male) 0.730 (0.323-1.654)
Histological type (differentiated/ 1.414 (0.753-2.655)

undiferentiated)

Location (Ut, Mt/Lt) 0.835 (0.423-1.650)
pT category (T1-2/T3-4)° 1.847 (0.965-3.536)
pN category (N1/2-3)° 2.122 (1.068-4.214)
pStage (Il/111+1V)? 3.565 (1.258-10.10)

Lymphatic invasion (Ly—/Ly+) 2.322 (1.064-5.069))
Venous invasion (V-/V+) 1.531 (0.773-3.031)
CD1083 (high/low) in primary lesions 0.612 (0.319-1.172)

CD103 (high/low) in metastatic LNs 0.380 (0.185-0.783)

*Cox proportional hazard mode; p <0.05, statistically significant.
*TNM classification of esophageal squamous cell carcinoma, 8th ed.
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FIGURE 4 (A) Representative images of immunohistochemical analyses using anti-CD8 and anti-CD103 antibodies. Scale bar, 100 um.
(B) Representative images of immunofluorescence staining of CD8 (green), CD103 (red), and DAPI (blue) are shown. In tumoral lesions, most
CD103" cells also expressed CD8 (arrows). Scale bar, 100 um. (C), (D) Flow cytometry analysis. (c) Representative contour plots of CD8" T
cells. (d) Bar graph shows the mean +SE of the proportion of CD8* and CD8™ T cells among CD103" T cells in metastatic lymph nodes (LNs)
from eight esophageal cancer cases. CD8*CD103* T cells accounted for 68.2% of CD103* T cells. *p <0.05, statistically significant.

B (Figure 6A). We also analyzed the production of cytokines by
CD103*CD8™ T cells isolated from eight metastatic LNs. Flow cy-
tometry analysis indicated that CD103"CD8" T cells expressed
higher levels of granzyme B than CD103°CD8™" T cells (Figure 6B).
Approximately 90% of CD103*CD8" cells contained granzyme
B (Figure 6C). We also analyzed PD-1 expression of CD103" cells

within metastatic LNs. PD-1 among CD103* T cells tended to ex-
press higher than CD103" cells, although there were no statistical
significances (Figure 6D).

Finally, we examined the relationship between tumor E-cadherin ex-
pression and CD103 cell infiltration. CD103 cell infiltration was also ob-
served in E-cadherin-negative cases, with no clear correlation (Figure 6E).
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Representative images of immunofluorescence staining of CD11c (green), CD103 (red), and DAPI (blue). Scale bar, 100 um. (C) Representative
images of immunohistochemical analyses using anti-HLA class I/Il and anti-CD103 antibodies. Scale bar, 100 pm.

4 | DISCUSSION
In this study, we found that CD103" cells infiltrating LNs are also
CD8™ effector cells in cases of metastasis to No. 106rec LNs, to
which a high percentage of thoracic ESCC cells metastasize. We
also found that many cases involving high infiltration of CD103*
cells have a good long-term prognosis. Our results thus suggest that
CD103* cells play an important role in the antitumor immune re-
sponse in LNs.

Lymph nodes are considered important immune organs in the
“cancer immune cycle,” as they are involved in antigen presen-
tation and induction of effector cells.*® LNs around tumors may

reflect the status of antitumor immunity to metastasis. Squamous

cell carcinoma of the thoracic esophagus is prone to extensive LN
metastasis from the neck to the abdomen, and LN metastasis is
the most important prognostic factor in such cancers. Among the
thoracic LNs, No. 106rec LNs reportedly exhibit a high rate of me-
tastasis, particularly in Ut/Mt ESCC, as the lymphatic flow tends
to move upward into No. 106rec LNs.? The No. 106rec LNs are
therefore considered sentinel LNs of thoracic ESCC.* Our data
showed that the rate of metastasis to No. 106rec LNs and El was
high and that metastasis to several No. 106rec LNs was associated
with a poorer prognosis. However, approximately 40% of patients
with metastasis to No. 106rec LNs have a good long-term progno-
sis, suggesting these patients have an antitumor immune response
in the No. 106rec LNs.
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Cytotoxic molecules produced by CD8*CD103" T cells con-
tribute to antitumor immunity and improve prognosis.?® These
CD8'CD103" T cells are known as Trm cells and represent a subset
of long-lived memory T cells that remain in the tissues.?* We previ-
ously reported that gastric cancer patients with invasion of T, cells
into the primary tumor have a favorable prognosis.12 In this study, we
showed that approximately 70% of CD103* T cells also exhibit CD8
expression and that Ty, cells produce higher levels of granzyme B
than CD103°CD8" T cells. Several studies showed CD8*CD103* T
cells account for 30-50% of CD103" T cells.'®! These results sug-
gest that infiltrating T, cells exert a strong cytotoxic function as
effector T cells and that the antitumor immune response continues
after the resection of tumors and regional LNs.

We also found that patients with invasion of CD103* cells who
also received NAC had a better prognosis. We hypothesized that
intra-tumoral CD103* Trm cells play a critical role in antitumor im-
munity after chemotherapy or immunogenic cell death. Our study
showed no statistical significance in the NAC regimen between
CD103"" and CD103"°" but indicated the tendency of considerable
DCF and little FGP. That result might suggest that docetaxel is likely
to induce immunogenic cell death or that FGP receivers who com-
monly had renal dysfunction could not be adequately administered
NAC. Therefore, invasion of CD103" cells might reflect the mount-
ing of an antitumor immune response after NAC and could predict
the effectiveness of immune checkpoint inhibitors (ICls).

Where Ty, cells reside and how they remain in those locations
after surgical resection remain to be determined. Although patients
with invasion of CD103" cells have a favorable prognosis, the tumors
in which CD103" cells reside are resected during surgery. CD103"
T cells are also associated with PD-1 expression and predict the

t,1222 as our result indicated a similar

effectiveness of ICl treatmen
trend of higher PD-1 expression among CD103" cells than among
CD103" cells. This might explain the presence of progenitor T, cells
in not-excised LNs or other organs. Several reports have suggested
that circulating CD8™ cells might adopt a Trm Phenotype within the
tumor and reside in the peripheral tissue after tumor resection.?®2*
Fang et al. (2021) reported that CD73 cells constitute a functionally
distinct subset of memory T cells and resemble long-lived and poly-
functional memory T cells that could potentially develop into Ty,
cells.?> Anadon et al. suggested that TCF1w Trm cells could be re-
garded as stem-like T, cells in ovarian cancer.?® Today, multimodal
approaches are used to treat ESCC, resulting in greater opportuni-
ties to use ICls. These agents have changed the landscape of ESCC
treatment and become key drugs. In this regard, further studies are
needed to determine the origin and function of T, cells.

We showed that whereas metastatic LNs harbor numerous
CD103" cells, normal LNs harbor few of these cells. CD103, also
known as integrin aE/p7, reportedly binds to the adherens junction
protein E-cadherin in general and resides in peripheral tissues with-
out secondary lymphoid organs.?”?® E-cadherin plays an important
role in mediating adhesion to adjacent keratinocytes, and a loss of E-

cadherin leads to epithelial-mesenchymal transition and, ultimately,

metastasis.?’ In this context, the prognostic effect of CD103 ex-
pression is reportedly associated with E-cadherin expression.'*
However, Webb et al. found no significant correlation between
CD103 expression and E-cadherin staining intensity.9 We also inves-
tigated this correlation by immunohistochemical analysis using sev-
eral specimens, and we found that the presence of CD103 was not
always equivalent to E-cadherin expression. Namely, the residency
or infiltration of Tg,, cells might be induced by other molecules. For
instance, T, cells express various characteristic cell surface mark-
ers, including CD69, CD49a, and CD44.13272830 These molecules
also promote retention in peripheral tissues, including tumor sites.

Whether other phenotypes of CD103" cells are associated
with improved survival must also be determined. Most CD103-
expressing cells are CD8*CD103" Trm cells, but some dendritic
cells and regulatory T cells also express CD103.3%32 Wwe rarely
detected CD103*CD11c* cells in tumoral lesions. Djenidi et al. re-
ported that CD103*CD11c" cells represented only a small popula-
tion of CD103" cells in human specimens'®; in other words, CD103™*
dendritic cells in tumoral lesions were seldom associated with a fa-
vorable prognosis. CD103" cells can also exhibit a CD103*CD4*
phenotype. Although CD103"% cells in tumors did not always
match CD4" cells in our study, some previous studies showed that
CD103"CD4" T cells can exert an immunosuppressive effect and
thus predict a poor prognosis.>?*® By immunohistochemical analy-
sis, we confirmed that the locations of CD103" cells differed from
those of CD4" cells, and most of the CD103™" cells were not regu-
latory T cells. Moreover, based on immunohistochemical analyses
of HLA class | and I, it was evident that HLA class | was highly
expressed in CD103"8" and HLA class Il was barely expressed
within tumor sites. These results might indicate that in tumor sites,
CD103" cells were associated with HLA class | expression and not
necessarily with HLA class Il expression.

This study has several limitations. First, we only evaluated No.
106rec LN metastasis. Further studies will be needed to clarify the
distribution of CD103" cells. Second, the number of samples sub-
jected to flow cytometry analysis was low, and we did not examine
many Tp\ cell subtypes and cytokines. Moreover, this study pri-
marily employed immunohistochemistry and immunofluorescence
staining; thus, we could not demonstrate the actual function of Ty,
cells. It would be helpful to investigate the development of T, cells
and the association between metastatic LNs and Ty, cells in greater
detail using other approaches.

In conclusion, we confirmed that CD103* Tgrm cells are present
in metastatic LNs and associated with improved OS and controlled
lymphatic invasion and metastasis. The results of this study en-
hance our understanding of the role of T, cells in regional LNs and
suggest the possibility of using their presence to predict prognosis
or lymphatic metastasis in ESCC. A more complete understanding
of the function and distribution of Tg,, cells could help clinicians
identify regional LNs that should be resected in each case, thereby
optimizing the extent of lymphadenectomy and minimizing surgery-

related damage.
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