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Diversity and shared T-cell receptor repertoire
analysis in esophageal squamous cell carcinoma

TOMOYA SUDO', AKIHIKO KAWAHARA?, KAZUO ISHI°, ATSUSHI MIZOGUCHI*, SACHIKO NAGASU',
MASASHI NAKAGAWA', MASAHIRO FUJISAKI!, HARUHIRO HINO', KOUHEI SAISHO', HIDEAKI KAKU',
SATORU MATONO!, NAOKI MORI', JUN AKIBA?, AKIRA YAMADA?> and YOSHITO AKAGI'

Departments of 1Surgery and 2Hospital Diagnosis; 3Biostatistics Center; 4Depa.lrtment of Immunology,

Kurume University School of Medicine; SCancer Vaccine Development Division, Research for Innovative Cancer Therapy,

Kurume University School of Medicine, Kurume, Fukuoka 830-0011, Japan

Received January 18,2021; Accepted May 24, 2021

DOI: 10.3892/01.2021.12879

Abstract. The tumor immune response is dependent on
the interaction between tumor cells and the T-cell subset
expressing the T-cell receptor (TCR) repertoire that infiltrates
into the tumor microenvironment. The present study explored
the diversity and shared TCR repertoires expressed on the
surface of locoregional T cells and identified the T lymphocyte
subsets infiltrating into esophageal squamous cell carcinoma
(ESCC), in order to provide insight into the efficiency of immu-
notherapy and the development of a novel immune-oriented
therapeutic strategy. A total of 53 patients with ESCC were
enrolled in the present study, and immunohistochemical
analysis of CD3, CD8, CD45R0O, FOXP3, CD274, HLA class I
and AE1/AE3 was performed. Digital pathological assessment
was performed to evaluate the expression level of each marker.
The clinicopathological significance of the immuno relation
high (IR-Hi) group was assessed. Adaptor ligation PCR and
next-generation sequencing were performed to explore the
diversity of the TCR repertoire and to investigate the shared
TCR repertoire in the IR-Hi group. Repertoire dissimilarity
index (RDI) analysis was performed to assess the diversity of
TCR, and the existence of shared TCRa and TCRf was also
investigated. Further stratification was performed according
to the expression of markers of different T-cell subsets.
Patients were stratified into IR-Hi and immuno relation low
(IR-Lo) groups. Cancer-specific survival and recurrence-free
survival rates were significantly improved in the IR-Hi group
compared with in the IT-Lo group. The diversity of the TCR
repertoire was significantly higher in the IR-Hi group. TCR
repertoire analysis revealed 27 combinations of TCRa and 23
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combinations of TCR[ VI regions that were shared among the
IR-Hi group. The IR-Hi group was divided into three clusters.
Overall, the current findings revealed that the IR-Hi group
maintained the diversity of TCR, and a portion of the IR-Hi
cases held the T cells with shared TCR repertoires, implying
recognition of shared antigens. The prognosis of patients with
ESCC was affected by the existence of immune response cells
and may possibly be stratified by the T-cell subsets.

Introduction

In 2018, esophageal cancer was the seventh leading cause of
cancer-associated mortality and the sixth leading cause of
morbidity worldwide (1). In particular, patients in East Asian
regions, including Japan, have esophageal squamous cell carci-
noma (ESCC), which is the most common histopathological
subtype in the region (2). The major tumor depth of ESCC is
within the subserosa of the esophagus; however, even in the
shallower depth, 30-50% of cases are identified with lymph node
metastasis (3). Therefore, numerous patients are diagnosed at an
advanced stage, and it can be difficult to treat the disease with
monotherapy. Accordingly, the standard treatment for ESCC is
esophagectomy combined with three-field lymphadenectomy
and neoadjuvant or adjuvant chemoradiation therapy (4,5).
Moreover, the immune checkpoint inhibitor pembrolizumab has
been approved as a second-line treatment option by the United
States Food and Drug Administration (6,7); this therapeutic
strategy is expected to be widely applied.

It has been previously reported that patients with ESCC
with a high percentage of tumor-infiltrating lymphocytes
(TILs) exhibit significantly improved prognoses compared
with patients with a low percentage of TILs (8). Similar find-
ings have been reported in other gastrointestinal cancers (9-13),
suggesting that the existence of immune cells, particularly
lymphocytes, in the tumor region is important for fighting
the disease. TILs include components of the T-cell subsets
including cytotoxic T cells, memory T cells, helper T cells
and regulatory T cells (14-16). The TIL component balance
determines the immunologic anti- or pro-tumor effect (17).
Therefore, analysis of the patterns of TIL subsets may reveal
the most appropriate antitumor effect.
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Furthermore, T-cell receptors (TCRs) on the surface of
T cells specifically recognize the antigens presented on major
histocompatibility complex molecules on tumor cells. TCRs
are composed of o and f chains. Both chains have variable (V)
and joining (J) regions that depend on the TCRa and TCRf
DNA rearrangements during T-cell maturation, and function
to maintain TCR diversity to allow specific TCR recognition
of various pathogens invading into the body or of harmful
malfunctioning cells (18).

The tumor tissue is an aggregation of heterogeneous
tumor cells; therefore, the existence of T cells expressing
diverse TCRs is essential for effective antitumor immune
responses (19-21). Additionally, among the diverse TCRs, iden-
tification of tumor-specific shared TCR sequences, including
TCR gene rearrangements, may facilitate the development of
novel immune therapies, such as chimeric antigen receptor T
(CAR-T) cell therapy (22).

Previously, comprehensive TCR sequence analysis was
laborious due to the huge TCR diversity; however, next-gener-
ation sequencing (NGS) technologies now enable the
investigation of the numerous TCR repertoires. Accordingly,
the primary objective of the present study was to investigate
the diversity of the TCR repertoire and explore the shared TCR
repertoire on T cells within the tumor environment of patients
with ESCC, using a combination of adaptor ligation PCR and
NGS. The secondary objective was to assess the impact of the
T-cell subset pattern on the immuno relation (IR) group in
patients with ESCC.

Materials and methods

Patients and institutional review board approval. In total,
124 patients with ESCC underwent esophagectomy at the
Department of Surgery of Kurume University Hospital
(Kurume, Japan) between April 2013 and March 2017. Among
these patients, the cases with neoadjuvant chemotherapy and
a lack of clinical information cases were excluded from the
study, and a total of 53 cases were enrolled in the present
study. An overview of the patients' characteristics, patho-
logical staging and clinicopathological factors is shown in
Table SI. All patients underwent subtotal esophagectomy,
including three-field lymphadenectomy. Additional adjuvant
chemotherapy was performed after surgery in patients with
pathological lymph node metastasis. Patients were regularly
checked every 3 months in the first year and following every
6 months for 5 years after surgery. The mean observation
period after surgery was 565+525.54 days. TNM classification
(8th edition) was used for clinical and pathological staging (23).
Written informed consent was obtained from all enrolled
patients. The patient selection process, clinicopathological
information obtained during analysis and experimental
protocol of the present study complied with the guidelines
approved by the Ethics Committee of Kurume University
School of Medicine (approval no. 282).
Immunohistochemical (IHC) staining. Formalin-fixed
(10% at room temperature for 48 h) paraffin-embedded tissue
samples were sliced to a thickness of 4 ym and examined
on coated glass slides. The tissues were deparaffinized and
labeled with antibodies using a BenchMark ULTRA (Ventana
Medical Systems, Inc.) and Bond-Max autostainer (Leica

Microsystems, Inc.). Each slide was heat-treated using CC1
retrieval solution (Ventana Medical Systems, Inc.) at 99°C
for 60 min and incubated with the primary antibody at
room temperature for 30 min, followed by incubation with
a streptavidin-biotin complex using 3,3'-diaminobenzidine
(UltraVIEW DAB detection kit; Ventana Medical Systems,
Inc.) as the chromogen. The following primary antibodies were
used: Anti-CD3 (1:300; clone LNI10; cat. no. CD3-565-L-CE;
Leica Microsystems, Inc.), anti-CD8 (1:200; clone 4B11;
cat. no. CD8-4B11-L_CE; Leica Microsystems, Inc.),
anti-CD45RO (1:5,000; clone UCLHI; cat. no. Ab23; Abcam),
anti-FOXP3 (1:100; Abcam), anti-CD274/programmed cell
death 1 ligand 1 (PD-LI; 1:100; clone E1L3N; cat. no. 13684;
Cell Signaling Technology, Inc.), anti-human leukocyte
antigen (HLA) class I (1:1,000; cat. no. ab52922; Abcam) and
anti-cytokeratin (AE1/AE3; 1:400; cat. no. GA05361-2; Dako;
Agilent Technologies, Inc.).

IHC evaluation of CD3, CD8, CD45R0O, FOXP3, CD274,
HLA class I and AEI/AE3. A digital pathology procedure was
used to evaluate the prepared slides to avoid the subjectivity of
evaluation by pathologists. All of the routinely stained hema-
toxylin and eosin (H&E) slides- and IHC-stained slides were
captured by the NanoZoomer XR digital scanner (Hamamatsu
Photonics KK), and digital data were acquired. For analysis
of CD3, CD8, FOXP3 and CD45RO, five positions within the
center of the tumor (CT) and along the invasive margin (IM) of
the tumor were selected, and images at x20 magnification were
captured and digitized (Fig. SI). For CD274, HLA class I and
AEI/AE3, images at x1.25 magnification were captured and
processed using ImageJ v1.41 (National Institutes of Health)
image-processing software (24). Briefly, a color deconvolution
procedure was performed on the original images, red-colored
images were selected, and binary images were generated. For
binary images of CD3, CD8, FOXP3 and CD45RO, five posi-
tions were selected, within the CT and IM of the tumor, and
the numbers of dots representing T cells were counted. The
median staining intensity values at the CT and IM were calcu-
lated. For binary images of CD274, HLA class I and AE1/AE3,
the tumor area was calculated, and the expression of CD274
was standardized by dividing the value by that of AE1/AE3.
Similarly, the expression of HLA class I on the tumor was
obtained using the same procedure (Figs. S2 and S3).

Positive staining for CD3, CD8, FOXP3 and CD45RO
was limited in lymphocytes. Digital evaluation of these
markers was performed by counting the positive dots. Positive
evaluation of CD274, HLA class I and AE1/AE3 in a tumor
was complex since positive staining was observed in tumor
cells and adjacent surrounding structures. Therefore, the
value of positive area of each marker was calculated, and this
value was standardized by the area of AE1/AE3 representing
epithelial cells.

Identification for IR groups and further subset stratification.
To elucidate the involvement of lymphocytes and relevant mole-
cules in ESCC, the expression values calculated with ImageJ for
CD3, CD8, CD45RO, FOXP3, CD274 and HLA were utilized.
Principal component analysis (PCA) (25,26) was performed
using the K-means clustering method and the entered cases were
divided into two groups. The group showing the same vector
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pattern of all the markers through the PCA was defined as IR
high (IR-Hi) group (n=21) and the other group showing no such
trend was defined as IR low (IR-Lo) group (n=32).

Hierarchical clustering analysis with the Ward method was
conducted to exploratively visualize the level of T-cell subset
involvement in the IR-Hi group. The analysis was performed
using JMP v13.0 software (SAS Institute, Inc.).

RNA extraction. Small sections of tumor tissues and corre-
sponding normal tissues were collected and stored in RNAlater
reagent (Thermo Fisher Scientific, Inc.) at -80°C until use.
mRNA was extracted from the tissue sections using an AllPrep
kit (Qiagen GmbH) according to the manufacturer's protocol.
The extracted mRNA samples were stored at -80°C until use
for TCR analysis.

Unbiased amplification of TCR genes and NGS. Among the
53 cases included in the cluster analysis, the stored mRNA
samples five cases from each of the IR-Hi and IR-Lo groups
were randomly selected for unbiased TCR amplification by
reverse transcription (RT)-PCR followed by NGS. An NGS
technology for unbiased TCR repertoire analysis developed by
Repertoire Genesis Inc. was used. Briefly, unbiased adaptor
ligation RT-PCR was performed as described previously (27).
Total RNA was reverse transcribed into cDNA using
Superscript III reverse transcriptase (Invitrogen; Thermo
Fisher Scientific, Inc.) and the BSL-18E primer containing
polyT s as previously reported (27) and a NofI site. The second
strand of the cDNA was synthesized using Escherichia coli
DNA polymerase I (Invitrogen; Thermo Fisher Scientific,
Inc.), E. coli DNA ligase (Invitrogen; Thermo Fisher Scientific,
Inc.) and RNase H (Invitrogen; Thermo Fisher Scientific, Inc.).
The double-stranded cDNA fragments were blunt-ended using
T4 DNA polymerase (Invitrogen; Thermo Fisher Scientific,
Inc.). The PIOEA/P20EA adapter was ligated to the 5' end of
the double-stranded cDNA and then digested with the Norl
restriction enzyme at 37°C for 2 h. After removal of adaptor
and primer sequences using a MinElute Reaction Cleanup kit
(Qiagen GmbH), according to the manufacturer's instructions,
PCR was performed using KAPA HiFi DNA Polymerase
(Kapa Biosystems; Roche Diagnostics) and a primer specific
to either the TCR a-chain constant region (CA1) or B-chain
constant region (CB1), and a primer specific to P20EA (27).
The primer sequences used in the PCR method are avail-
able in Table SII (28). The PCR conditions were as follows:
20 cycles of 98°C for 20 sec, 65°C for 30 sec and 72°C for
1 min. The second PCR was performed using either the CA2
or CB2 primers and the P20EA primer under the same PCR
conditions. Amplicons were prepared by amplification of the
second PCR products using P20EA-ST1 and either CA-ST1
or CB-ST1 (27). After PCR amplification, index (barcode)
sequences were added using the Nextera XT Index kit v2, Set
A (Illumina, Inc.). The indexed amplicon products were mixed
at equimolar concentrations and quantified using the Qubit
2.0 Fluorometer (Thermo Fisher Scientific, Inc.). Sequencing
was performed using the Illumina MiSeq paired-end platform
(2x300 bp).

TCR repertoire analyses. All the paired-end reads were
classified based on index sequences. Assignment of sequences
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was performed by determining sequences with the highest iden-
tity in a dataset of reference sequences from the international
ImMunoGeneTics information system® (IMGT) database
(http:/www.imgt.org). Data processing, assignment and data
aggregation were automatically performed using repertoire
analysis software originally developed by Repertoire Genesis
(RG) Inc.; the RG software ver.1.0 is composed of sequence
homology searches using BLATN, an automatic aggregation
program, a graphics program for TCR variant (TRV) and
TCR Joining (TRJ) usage, and CDR3 length distribution.
Sequence identities at the nucleotide level between query and
entry sequences were automatically calculated. Parameters
that increased sensitivity and accuracy (E-value threshold,
minimum kernel and high-scoring segment pair score)
were carefully optimized for respective repertoire analysis.
Nucleotide sequences of CDR3 regions, ranging from the
conserved cysteine at position 104 (Cys104) of IMGT nomen-
clature to the conserved phenylalanine at position 118 (Phel18)
and the following glycine (Gly119), were translated to deduce
the amino acid sequences. A unique sequence read (USR) was
defined as a sequence read having no identity in TRV or TRJ
and in the deduced amino acid sequence of CDR3 with the
other sequence reads. The copy numbers of identical USRs
were automatically counted by RG software in each sample
and then ranked in order of the copy number. Percentage
occurrence frequencies of sequence reads with TCRa variable
(TRAV), TCRa joining (TRAJ), TCRp variable (TRBV) and
TCRP joining (TRBJ) genes in total sequence reads were
calculated.

Statistical analysis and evaluation of the TCR repertoire
dissimilarity in each case. The acquired NGS data were
processed for a complete comprehensive analysis of the TCR
repertoire. The combinations of the TRAV and TRAJ regions
and the TRBV and TRBJ regions that were significantly
(P<0.05) and commonly elevated in the IR-Hi group were
selected as the shared combination of the TRAVITRAJ and
TRBVITRBIJ repertoire.

Fisher's exact test was performed using the Bioconductor
package edgeR in R (v3.4.2) (Foundation for Statistical
Computing, https:/www.r-project.org/foundation) (29,30) to
retrieve these analyses. To further ensure the significance of
the shared combination of TRAVITRAJ and TRBVITRBIJ
repertoire, Mann Whitney U tests were simultaneously
conducted and the combinations with P<0.05 in both tests
were selected as statistically significant.

Dissimilarity analysis of each case (cases 1-10) was
conducted using the average repertoire dissimilarity index
(RDI) analysis (31,32). The average RDI was calculated
using the following procedure. The singleton repertoires were
retracted from the TCR repertoire combinations data identi-
fied as statistically significant in previous analyses and 500
repertoire combinations were randomly collected using the
bootstrap restoration extractive maneuver. The frequency of
each repertoire was calculated using the calcVDJcounts func-
tion in the RDI package (https:/rdocumentation.org/packages/
rdi/versions/1.0.0) (ver.1.0.0) of R (ver.3.6.1). The RDIs were
acquired for each case using the calcRDI() function, and the
average values of the RDIs were calculated. Cases in which
RDI was difficult to calculate owing to the low frequency
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Figure 1. Identification for IR groups using PCA with K-means method and prognostic comparison using the log-rank test. (A) Overview of the PCA with
K-means clustering method (left). Each blue circle and red cross marks indicate classified cases into cluster 1 (IR-Lo) and cluster 2 (IR-Hi). The blue and red
ellipses indicate 95% confidence areas. The ‘X’ mark in the middle of the figure indicates a specific point to divide the cases into two clusters. Correlative
direction diagram in each parameter used in the calculation by PCA (right). Introduced values to determine PC1 and PC2 were calculated using the values for
the CT and IM for CD3, CD8, CD45RO, FOXP3, CD274 and HLA. The length and direction of each line indicate the strength and the correlation similarity
between each parameter. (B) Cancer-specific survival and (C) recurrence-free survival comparison between the IR-Hi and IR-Lo groups. Both survival curves
were compared using log-rank tests, and results with P<0.05 were considered statistically significant. + and | indicate censored events in each group. PCA,
principal component analysis; PC1/2, principal component 1/2; IR, immuno relation; Hi, high; Lo, low; CT, center of the tumor; IM, invasive margin; HLA,

human leukocyte antigen.

were considered not determined and inserted into the matrix
of a table. All RDI values of repertoires were described in
the upper right columns and rows. The RDI values showing
significant similarities based on both Fisher's exact tests
and Mann Whitney U tests were described in the lower left
columns and rows.

Other statistical analyses. Clinicopathological variables and
[HC data were analyzed using JMP v13.0. software. The asso-
ciations between the clinicopathological factors and IR groups
were assessed using unpaired Student's t-test, % tests and the
Fisher's exact tests. Postoperative recurrence-free survival (RFS)
and cancer-specific survival (CSS) rates were calculated using
the Kaplan-Meier method, and differences in survival between
groups were compared using the log-rank test. Comparisons of
each T-cell subset marker CD274 and HLA were performed
using the Kruskal-Wallis test followed by Dunn's test. P<0.05
was considered to indicate a statistically significant difference.

Results
Identification of IR group and clinicopathological analyses.

In total, 53 patients with surgically treated ESCC were
enrolled in the present study. IHC staining analysis with T-cell

subset markers and relevant immune checkpoint molecule
markers was performed. As shown in Fig. S4, the expression
of each T-cell marker was significantly increased in IM than
in CT. Additionally, the expression levels of each marker were
significantly correlated between the IM and CT via linear
regression analysis (Fig. S5).

The 53 patients in the present study were divided into two
clusters according to the PCA. As shown in Fig. 1A, the target
cases were classified into Cluster_1 (n=32) and Cluster_2
(n=21) and the utilized markers were all concentrated in
Cluster_2. Thus, Cluster_1 and Cluster_2 were defined as the
IR-Lo and IR-Hi groups, respectively.

The impact of the immune involvement on the prognosis
of patients was assessed by comparing results between the
IR-Hi and IR-Lo groups. CSS and RFS rates were signifi-
cantly improved in the IR-Hi group compared with in the
IR-Lo group (Fig. 1B and C). Clinicopathological variables
were compared between the IR-Hi and IR-Lo groups to reveal
the immune involvement and clinical features. There were
no significant differences in patients' age, sex, tumor depth,
lymphatic and vascular invasion, tumor infiltrating pattern,
tumor grading, pathological stage and pathological prognostic
group; however, lymph node metastasis was relatively higher
in the IR-Lo group than in the IR-Hi group (Table I).
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Table I. Comparisons of clinicopathological variables between the IR-Hi (n=21) and IR-Lo (n=32) groups in 53 patients with

esophageal squamous cell carcinoma.

Clinicopathological variable IR-Hi (n=21) IR-Lo (n=32) P-value
Age + SD, years 69.33+6.59 69.44+7.13 0.9575*
Sex, male/female 17/4 27/5 >(0.9990°¢
Tumor depth, n (%) 0.6871°
T1-T2 7 (33.33) 9 (28.13)
T3-T4 14 (66.67) 23 (71.88)
Lymphatic invasion, n (%) 0.0179°
ly- 12 (63.16) 7 (36.84)
ly+ 9 (36.84) 25 (73.53)
Vascular invasion, n (%) 0.4561¢
V- 5(23.81) 4 (12.50)
v+ 16 (76.19) 28 (87.50)
INF isoform, n (%) 0.4561°¢
o 5(23.81) 4 (12.50)
By 16 (76.19) 28 (87.50)
Lymph node metastasis, n (%) 0.1827°
NO-N1 15 (71.43) 17 (53.13)
N2-N3 6 (28.58) 15 (46.88)
Grading, n (%) 0.1731°
Gl 9 (42.86) 8 (25.00)
G2-G3 12 (57.14) 24 (75.00)
TNM pathological stage, n (%) 0.2305°
Stage I-1I 10 (47.62) 10 (31.25)
Stage III-1V 11 (52.38) 22 (68.75)
Pathological prognostic group, n (%) 0.2305°
Group I-1I 10 (47.62) 10 (31.25)
Group II-IV 11 (52.38) 22 (68.75)

TNM stage and the prognostic group were determined according to the TNM Classification of Malignant Tumors 8th Edition. INF, pattern
of tumor infiltration; o, expanding growth and a distinct border with the surrounding tissue; (3, in-between 3 and v; v, infiltrating growth and
an indistinct border with surrounding tissue; G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; IR, immuno
relation; Hi, high; Lo, low. Statistical comparisons were performed and the P-values were calculated using unpaired *Student's t-test, x> test

and °Fisher's exact test.

TCR repertoire analysis. Initially, five patients were randomly
selected from the IR-Hi group. Subsequently, the five corre-
sponding patients with matched backgrounds were chosen
from the IR-Lo group for comprehensive TCR repertoire
analysis using unbiased PCR amplification and NGS analysis
of TCR genes. The pathological findings of the 10 ESCC cases
are shown in Table II, and images of H&E-stained and CD3
THC tumor tissue samples are presented in Fig. S6.

In the comprehensive analysis of the TCR repertoire,
1,671,742 and 1,291,510 total reads of the TCRa and TCRp
sequences, respectively, were obtained from the 10 cases;
of these reads, 31,954 and 34,876 were unique, respectively
(Table SIII). In cases 1 and 3 in the IR-Hi group, a single VI
region recombination amplification was observed for TCRa,
and the diversity of the TCRa repertoire seemed to be lost.
In case 1, 34,671 reads were obtained for recombination
of TRAV19ITRAJ41 regions. In case 3, 24,315 reads were

obtained for recombination of TRAV39ITRAJ58 regions. No
other cases showed a single recombinant repertoire amplifica-
tion (Fig. 2). In terms of the IR-Lo group, case 9 showed a
single VJ recombination amplification (TRAV19ITRAIJ12) and
the reduction of its diversity in the TCRa repertoire. There
seemed to be no marked differences in TCR diversity between
IR-Hi and IR-Lo groups (Figs. 2 and S7). The subsequent
investigation was performed to compare the TCR repertoire
differences between the IR-Hi and the IR-Lo groups.

TCR repertoire dissimilarity analysis and shared TCR VJ
region. The RDI of the TCR was investigated to determine
whether there were diversities in the VJ regions in the IR-Hi
group. Among the 10 cases in which the indexes were inves-
tigated, RDIs were conserved in the IR-Hi group; however,
the index could not be calculated in the IR-Lo group owing
to the lack of sufficient numbers in the repertoire. In TCRa
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n.d., not determined.

and TCRB, the rates of significant diverse repertoires were 2-7
and 6-11%, respectively, in the IR-Hi group; by contrast, there
were no diverse repertoires other than for case 8 for the TCRf
repertoire in the IR-Lo group (Table III). The total repertoire
TCR counts of TCRa and TCRf did not differ significantly
(Fig. 3A and B); however, the significant repertoire TCR
counts were significantly higher in the IR-Hi group compared
with in the IR-Lo group (Fig. 3C and D).

Among the significantly diverse TCRa and TCRf reper-
toire, the shared recombinant sequences in the VJ region
were explored. Fisher's exact tests were used, followed by
Mann Whitney U tests, to ensure the significance of the
results. In total, 27 TRAVITRAJ combinations for TCRa
and 23 TRBVITRBIJ combinations for TCRf} were identified
as having shared repertoires (Table IV). In particular, in the
IR-Hi group, the read-out numbers for the combinations of
TRAV13-1ITRAJ44 and TRAV13-1ITRAJ22 for TCRa and the
combinations of TRBV7-9ITRBJ2-7 and TRBV20-1ITRBJI1-1
for TCRP were consistently high.

T-cell subset cluster analysis in the IR-Hi group. Exploratory
visualization utilizing hierarchical clustering analysis was
then performed to assess whether the T-cell subset imbalance
had any influence in the IR-Hi group. The IR-Hi group was
classified in three clusters (Fig. 4A), namely Cluster_1 (n=3),
Cluster_2 (n=15) and Cluster_3 (n=3).

Next, each T-cell subset marker, as well as CD274 and
HLA, were compared to determine whether the imbalances
existed within the three clusters. The expression levels of CD8
and FOXP3 were significantly higher in Cluster_1 and Cluster
3, respectively, compared with in Cluster_2 (Fig. 4B and D).
However, there were no significant differences with regard
to CD45RO, CD274 and HLA among the three clusters
(Fig. 4C, E and F). The CSS and RFS for each cluster were
compared, and there were no significant differences among the
3 clusters; however, cluster 1 tended to have a less favourable
RFS outcome than the other clusters (Fig. S8).

Discussion

The present study indicated that the prognosis of patients with
ESCC could be stratified according to IR status, which was
evaluated based on T-cell subset markers CD274 and HLA.
A comprehensive TCR analysis and comparison between
the IR-Hi and IR-Lo groups indicated that the IR-Hi group
exhibited a diverse TCR repertoire and shared V/J regions
recombination in TCR o and f chains. In the IR-Hi group, the
prognosis of the patients could be further stratified into three
clusters according to the expression patterns of CD8, CD45RO
and FOXP3.

The TCR diversity was well conserved and the values
of RDI were significantly higher in the IR-Hi group. Thus,
the IR-Hi group persistently exhibited the capacity to
respond to diverse antigens. TCR diversity is an important
element used to evaluate the immunogenicity of tumors and
host immune capabilities. The level of the TCR diversity
increased as the immunogenicity of the tumor increased.
Notably, Carreno et al (33) reported that dendritic vaccina-
tion for translation of tumor antigen information into the host
immune system increased the TCR diversity. Manuel ez al (34)


https://www.spandidos-publications.com/10.3892/ol.2021.12879
https://www.spandidos-publications.com/10.3892/ol.2021.12879
https://www.spandidos-publications.com/10.3892/ol.2021.12879

10 SUDO et al: TCR REPERTOIRE ANALYSIS IN ESCC

250000
A P=0.15
200000 4

150000 -

100000 -

50000

Total repertoire counts in TCRa

IR-Hi

IR-Lo

P=0.016
150000

100000

50000

Significant repertoire counts in TCRa )

IR-Hi

IR-Lo

B 200000
P=0.35
=
[+
© 150000
£
2
=4
=
8 100000
g
2
[
o
£ 50000
=
e
0'!
IR-Hi IR-Lo
D
& 20000 P=0.034
[&]
=
£
£ 15000
=
[=]
(5]
@
S 10000+
a
@
!‘é
=2
IR-Hi IR-Lo

Figure 3. Statistical comparison of TCR repertoires in TCRa and TCR between IR-Hi and IR-Lo groups. Total counts of (A) TCRa repertoire and (B) TCRf
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suggested that the prognosis of patients with metastatic breast
cancer was worse in patients with decreasing TCR diversity.
Accordingly, the IR-Hi group may be a receptive candidate for
immunotherapy since it is in a preferable immune responsive
status and holds diverse TCR expression T cells that can
respond to various antigens.

In addition to TCR diversity analysis, the present study
observed shared V/J region recombinations in TCRa and
TCRp. Tan et al (35) screened tumor-reactive TILs specifically
to recognize fragments from autologous tumor cells and iden-
tified nine TRAV/TRAJ and four TRBV/TRBJ recombination
sequences via TCR analysis. Notably, TRAV13-1/TRAJ22 and
TRBV7-9/TRBJ2-7 are both candidates identified from the
aforementioned study (35), and the same combinations were
identified in the present study. Additionally, Tan et al (35)
provided evidence that these TCRs could work for tumor-reac-
tive; however, their study was conducted using the sample
acquired from one patient. If there is a tumor-reactive T cell
with the shared TCR in patients with ESCC, it implies the
existence of an antigen that holds the common portion for
the T cell reactivity. Thus, the shared TCR repertoires in the
IR-Hi group that were identified in the present study may be
important for investigating the novel antigen.

In the hierarchical cluster analysis, the IR-Hi group was
divided into three clusters according to the expression patterns
of CDS§, CD45RO and FOXP3. There were no significant
differences in prognosis among the clusters; however, the RFS

rate in Cluster_3 was the highest and that in Cluster_1 the least
favourable. When considering T-cell subset functions, the RFS
of Cluster_1, which showed abundant cytotoxic and memory
T cells, was expected to be better than that of Cluster_3, which
was rich in regulatory T cells. However, the result was contra-
dictory to the expectation. With regards to these findings,
six immune subtype clusters (C1, wound healing; C2, IFN-y
dominant; C3, inflammatory; C4, lymphocyte depleted; C5,
immunologically quiet; and C6, TGF-f§ dominant subtypes)
were proposed through the gene expression profile of TILs
using The Cancer Genome Atlas data (36). According to the
report, the C2 subtype with a hyper cytotoxic T-cell signa-
ture had a poor prognosis than that of the C3 subtype with
a balanced macrophage and T cell signature. As suggested
by Thorsson et al (36), exacerbating the cytotoxic dominant
condition in the tumor microenvironment may favor tumor
growth, whereas a well-balanced T-cell subset between
cytotoxic and regulatory signatures may be necessary for
optimal immunological antitumor function.

Considering the IR-status and hierarchical clustering in a
clinical setting, the IR-Lo group would not be indicated for
immunotherapy since its immune profile would be low, so
conventional chemoradiotherapy or surgery may be prefer-
able. On the contrary, in the IR-Hi group, Cluster_3 would
be the most preferable group for immunotherapy since its
immune profile is high and the T-cell subset is well balanced.
Additionally, comprehensive TCR repertoire analysis may
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Figure 4. Clustering analysis in the immuno relation-high group and comparison of T-cell subset markers and CD274 and HLA expression in each cluster.
(A) Hierarchical clustering analysis using Ward's method. Red and blue plots indicate positive and negative correlation, respectively. The expression of
each marker was compared using the KW test followed by Dunn's test among the three clusters. Comparison of expression levels of (B) CDS, (C) CD45RO,
(D) FOXP3, (E) CD274 and (F) HLA. The y-axes indicate the expression values calculated by Imagel software. KW, Kruskal-Walis; HLA, human leukocyte

antigen.

facilitate the discovery of novel common cancer antigens and
the development of CAR-T cell therapy in ESCC.

In the present study, the V/J recombination sequences were
narrowed down using two different statistical procedures and
several combinations were commonly shared in the IR-Hi
group. By combining multiple statistical methods, the present
study attempted to ascertain the reliability of the V/J recom-
bination candidate. Notably, the selected candidates contained
the recombination sequences that were involved in T cell
activation and cytokine release (35), thus the results presented
here are reasonable.

Adaptor ligation PCR and NGS analysis were performed
utilizing the mRNA samples collected from bulk tumor
tissues in the present study. There may be concerns for the
credibility of the TCR analysis without using laser micro
dissection or other equivalent techniques; however, the

procedures performed in the present study have been previ-
ously reported in several studies (37-39), and the reliability of
the technique is expected to be sufficient. Moreover, as shown
in Fig. S4, T cells were spatially accumulated surrounding the
tumor, therefore bulk samples containing surrounding tumor
structures may be appropriate for obtaining TCR information.

However, there are some limitations in the present study.
The study was conducted with a relatively small number of
cases, which may have limited the conclusions of the findings.
The TCR repertoire analysis, which suggested the existence of
shared V/J region recombinations and corresponding antigens,
included only a few cases, and additional CDR3 clonotypes
investigation should be conducted. Additionally, the TCRa
and B chains were investigated separately. T cells recognize
antigens via heterodimerization of the TCRa and TCRf
chains, thus it was not clear which antigen was recognized
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by the common V/J recombination regions confirmed in the
ESCC cases. Furthermore, the variations in TCRaf repertoire
combination were large, and it may be possible that candidates
were selected by chance. Therefore, further investigations are
warranted in future studies.

In conclusion, the results of the present study confirmed two
distinctive subgroups in ESCC according to the T cell subset
marker expression. Furthermore, abundant TCR repertoire
diversity partly containing shared V/J region recombination in
the IR-Hi group was confirmed, which may allow development
of a novel immune-oriented therapy.
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