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Abstract

Though therapy that promotes anti-tumor response about CD8* tumor-infiltrating lymphocytes (TILs) has shown great
potential, clinical responses to CD8" TILs immunotherapy vary considerably, largely because of different subpopulation
of CD8* TILs exhibiting different biological characters. To define the relationship between subpopulation of CD8% TILs
and the outcome of antitumor reaction, the phenotype and function of CD103* CD8* TILs in esophageal squamous cell
carcinoma (ESCC) were investigated. CD103" CD8* TILs were presented in ESCC, which displayed phenotype of tissue-
resident memory T cells and exhibited high expression of immune checkpoints (PD-1, TIM-3). CD103* CD8" TILs were
positively associated with the overall survivals of ESCC patients. This population of cells elicited potent proliferation and
cytotoxic cytokine secretion potential. In addition, CD103* CD8* TILs were elicited potent anti-tumor immunity after anti-
PD-1 blockade and were not affected by chemotherapy. This study emphasized the feature of CD103" CD8* TILs in immune
response and identified potentially new targets in ESCC patients.
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Abbreviations Introduction

EC Esophageal cancer

ESCC Esophageal squamous cell carcinoma Esophageal cancer (EC) is one of the fastest developing
IHC Immunohistochemistry malignancies, and the mortality is the sixth in the world [1].
PIL Paracancerous infiltrating lymphocyte About 90% of EC cases are esophageal squamous cell car-
RNA-Seq RNA-based next-generation sequencing cinoma (ESCC), which mainly occur in Asian countries [2].
TILs Tumor-infiltrating lymphocytes China accounts for about 50% of new EC cases in the world,
TMAs Tissue microarrays and more than 90% of them are ESCC. Although there are
TRM Tissue-resident memory multidisciplinary treatments, such as surgery, chemotherapy,

and radiotherapy for ESCC [3-5], the current 5-year global
survival is still poor of around 30-40% [6]. Therefore, to
identify potential therapeutic targets and developing new
therapeutic strategies that can improve the clinical benefits
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the superior outcome, which leads to a variety of clinical
responses among ESCC patients [14]. Rosenberg et al. dem-
onstrated that PD-1" CD8* TILs were tumor-reactive cells
[15]. These observations suggested the better understanding
of the subpopulation of CD8" TILs, which could help us in
discovering new biomarkers to stratify patients and identify-
ing more effective therapeutic cell subtypes.

Recently, tissue-resident memory (TRM) T cells have
attracted great attention, which occupy tissues without
recirculating, with high expression level of CD103 and/or
CD69 and convey low level of CCR7 and CD62L [16-19].
TRM cells can elicit direct cytotoxicity to infected host
cells by effector cytokine production and are involved in
regulating anti-tumor immune response [20-23]. CD103*
CD8* TRM cells play an important role against virus infec-
tion in defending human epithelial tissue and express PD-1,
CTLA-4 inhibitory receptors [16, 24]. It was reported that
CD103* CD8™ TILs are closely related to survival rate of
patients, especially in cancers of epithelial origin [25-29],
for example pancreatic cancer, colorectal cancer, ovarian
cancer, and bladder carcinoma. Howeyver, there is not enough
available data to show the presence of CD103* CD8* TRM
cells in human ESCC tissues, and their roles in the anti-
tumor immune reaction.

To investigate whether CD103* CD8* TRM cells are pre-
sented in ESCC, TCGA data of RNA-based next-generation
sequencing (RNA-Seq) were analyzed, and fresh surgical
samples were confirmed via flow cytometry. The presence
of CD103* CD8™ TILs in ESCC, with high expression of
CD69 and very low CD62L/CCR7, was observed. Next,
samples of untreated ESCC were selected to comprehend
the relationship between CD103* CD8* TILs and clinical
prognosis through immunohistochemistry (IHC). The func-
tion of this population of CD103" CD8" TILs was revealed
by using ESCC fresh tissue samples. CD103* CD8* TILs
had a potent tendency to proliferate and be activated after
anti-PD-1 (aPD-1) blockade. Furthermore, by using samples
from patients with neoadjuvant chemotherapy, it was found
that the ratio and phenotype of these CD103* CD8* TILs
were not affected by chemotherapy. These results proposed
that CD103 has the potential to mark tumor-reactive CD8%
T cells in human ESCC.

Methods

TCGA RNA-seq data analysis

Standardized RNA-seq and pathological data of esopha-
geal cancer with 19 datasets were downloaded from TCGA
(https://xena.ucsc.edu/). Gene expression features linked

to tumor immune response about tissue-resident cell were
analyzed in 95 patients with ESCC, such as CDSA, ITGAE
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(CD103), PD-1, TIM-3, CTLA-4, TIGIT, LAG-3, IFN-y,
GZMB, CD69, RUNX3, CXCR6, and so on. The data down-
loaded from TCGA were in compliance with applicable laws
and any necessary informed consent rules.

Flow cytometry analysis of TIL, PIL and PBMC
from ESCC patients

Peripheral blood, fresh tumor tissue, and matched paracan-

cerous tissue of ESCC patients in Taihang Mountain area of
China were obtained from the Affiliated Cancer Hospital of
Zhengzhou University. The Ethics Committee of Zhengzhou
University approved the sample collection and experimen-
tal procedures. Among about 200 recruited tissue samples,
only about 65% were infiltrated enough T-cells to be studied
in vitro. T cells were analyzed by flow cytometry or sepa-
rated by microbeads for the sake of further studies. TILs or
paracancerous infiltrating lymphocytes (PILs) were isolated
with mechanical and enzymatic hydrolysis. Briefly, tumor or
paracancerous tissues were cut into small pieces and placed
in an orbital shaker for incubation with 2-mL Roswell Park
Memorial Institute (RPMI)-1640 medium (Gibco, USA)
including 1 mg/mL collagenase I (Gibco, USA), 1 mg/mL
collagenase II (Gibco, USA), and 1 mg/mL collagenase IV
(Gibco, USA) at 37 °C for 30 min. Subsequently, the dis-
persed cells were filtered through a 70-pm filter, centrifuged
at 300 g, and were analyzed directly by flow cytometry or
magnetic activated cell sorting (Miltenyi Biotec GmbH,
Germany) after resuspension with autoMACS Running
Buffer (Miltenyi Biotec GmbH, Germany).

The cells for direct analysis were harvested and flushed in
cold phosphate buffer saline (PBS) and re-suspended in 100-
uL cold PBS with 5% serum at a concentration of 1 x 10°
cells. The following fluorescent-coupled antibodies were
stained for the cells: 7-AAD (BioLegend), anti-CD3-PE-
Cy7 (clone SK7, BioLegend), anti-CD8-APC-Cy7 (clone
HIT8a, BioLegend), anti-CD103-FITC (clone Ber-ACT8,
BioLegend), anti-PD-1-APC (clone EH12.2H7, BioLegend),
anti-TIM-3-PE (clone F38-2E2, BioLegend), anti-CD69-PE
(clone FN50, BioLegend), anti-CD62L-PE (clone DREG-
56, BD Biosciences), anti-CCR7-APC (clone G043H7,
BioLegend), anti-CTLA-4-PE (clone D4E9I, Cell Signaling
Technology), or anti-4-1BB-PE (clone 4B4-1, BioLegend)
for 20 min on ice. Peripheral blood samples were treated
with pyrolysis liquid after dyeing for peripheral blood lym-
phocytes (PBLs). FACS analysis was performed using a
FACSCanto II flow cytometry and CellQuest software (BD
Biosciences).

Cytotoxic molecules and Ki67 proliferation were analyzed
by flow cytometry by the following antibodies: anti-CD8-
PerCP-Cy5.5 (clone RPA-TS8, BioLegend), anti-CD103-
FITC (clone Ber-ACTS, BioLegend), anti-IL-2-PE (clone
MQ1-17H12, BioLegend), anti-IFN-y-APC (clone 4S.B3,
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Invitrogen), anti-CD107a (clone H4A3, BioLegend), and
anti-Ki67-APC (clone Ki67, BioLegend). The intracellular
staining of Ki67 was carried out by True-Nuclear FIX and
True-Nuclear Perm (BioLegend). To comprehend CD107a
and cytokine, CD3" TILs were activated ex vivo with 2 ug/
mL anti-CD3 (clone OKT3, Takara, Japan) and 2 pg/mL
anti-CD28 (clone CD28.2, eBioscience) for 4-6 h, and Bre-
feldin A (dilution, 1:1000, BioLegend) was added in the
last 2 h of activation. For PD-1 blocking experiment, CD3*
TILs were co-cultured with 1 mg/mL oaPD-1 (nivolumab).
CD3* T cells were sorted with CD3 beads (MiltenyiBiotec
GmbH, Germany) before intracellular assessment of Ki67
and cytotoxic molecules. At least five patients were tested
and representative plots were presented.

4-Nitroquinoline 1-oxide (4-NQO)-induced mouse
model of ESCC and aPD-1 therapy

Carcinogenesis was induced by 4-nitroquinoline 1-oxide
(4-NQO) in drinking water in mouse esophageal epithelia
[1, 2]. Briefly, C57BL/6 mice (6-week-old female) pur-
chased from Vital River Laboratory (Beijing, China) were
maintained in a specific pathogen-free facility. The mice
were supplied with drinking water of diluted 100 pg/mL
4-NQO stock solution and free access to the drinking water
at all times during the treatment. After a 16-week carcino-
gen treatment, it was changed to normal sterilized drinking
water and continued spontaneous induction. Examination of
tissue sections from 22- to 24-week treatment mice revealed
pathological evidence of carcinogenesis. Mice of 26 weeks
were treated with aPD-1 antibody (clone RMP1-14, catalog
BEO0146) or isotype-matched control mAb (rat IgG). aPD-1
antibody was given i.p. (200 pg/mouse) every 3 days for
5 times. Whole esophagi were opened longitudinally, and
tumors of 1-2 mm diameter were counted, on day 15 after
treatment with aPD-1 antibody.

For CD8 and CD103 immunohistochemical staining,
slides were dewaxed and rehydrated, followed by incuba-
tion with primary antibodies of rabbit anti-CD103 (clone
EPR22590-27, Abcam, USA, 1/1000) and anti-CD8
(GB11068, Servicebio, China, 1/500), according to the
instructions of the manufacturer. The dyeing intensity was
divided into missing (0), weak (1+), medium (2+), and
strong (3+). The H-score was calculated by multiplying the
percentage (P) of positive cells by the intensity (), accord-
ing to the formula: H-score =P X1+ P, X I, +--+P,X1I,.

Case cohort, IHC and immunofluorescence

The tumor samples were surgically removed and paraffin-
embedded, which were obtained from ESCC patients between
September 2012 and May 2013. The study included 76 tumor
samples and analyzed the expression of CD8 and CD103

on TILs in the epithelial or stromal area, in association with
patient survival outcomes. Of these, the proportion of patients
in pathological stage I, II, and III were of 20%, 38%, and 42%,
respectively, and all of them had not received neoadjuvant
therapy during surgery. The average age at diagnosis was 61
(range 34-79) years old; 70% of the patients were males. Clin-
icopathologic features of patients were provided (Supplemen-
tary Table 1).

Primary tumor samples for tissue microarrays (TMAs)
were derived from the Pathology Department of the Affiliated
Cancer Hospital of Zhengzhou University. To make TMA, all
cases from the database were first selected, then reconfirmed
each part, and selected the coring area of the corresponding
block. Tissue cores of 1.0 mm diameter were taken from the
corresponding area of tumor samples by tissue array instru-
ment (Beecher Instruments, Silver Spring, USA).

CDS8 and CD103 staining was performed on sections of
TMAs using Ventana BenchMarks XT autostainer (Roche
Inc., USA), with reagents from Biocare (Concord, USA).
Slides were dewaxed and rehydrated, followed by incubation
with primary antibodies of rabbit anti-CD103 (clone EPR4166
(2), Abcam, USA, 1/1000), and anti-CDS8 (clone EP334, rabbit
IgG, China, 1/1), according to the instructions of manufacturer.
The standard H-score was same as that of the experimental
part of mice.

For CD8/CD103/DAPI triple staining, preparation and anti-
gen extraction of tumor slides were carried out as described
above. Slides were stained with rabbit anti-CD103 (clone
EPR4166 (2), Abcam, US, 1/1000) and rabbit anti-CD8 (clone
EP334, rabbit IgG, China, 1/1) according to the instructions of
manufacturer. Sections were scanned by a TissueFAXS imag-
ing system (TissueGnostics, Austria).

Statistical analysis

The relationship between CD103 expression and characteris-
tics of clinical pathology were assessed by Chi-square test and
Fisher’s exact test. Kruskal-Wallis test was used for comparing
IHC scores of CD8/CD103 in epithelial and stromal region.
Survival rate was calculated using the Kaplan—Meier method,
and curves were compared by the log-rank test. Cox regression
was carried out with multivariate survival analysis. Graphpad
Prism 6.0 or SPSS statistics 17.0 was performed for statistical
analysis. All statistical tests were two sided with significance
established at p <0.05.
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Results

CD8A" tumor samples show enrichment of ITGAE*
cells in ESCC

To identify whether CD103" CD8* TRM cells exist in
ESCC, RNA-seq data from TCGA database were analyzed
by using a CD8A and ITGAE (CD103) transcriptome in
ESCC tumor samples of stage I-IV. The expression of
CD8 had a strong positive correlation with that of ITGAE
gene (Fig. la). ITGAE gene showed higher conveyance
in CD8AM tumors than those in CDSA!° tumor (p <0.05)
(Fig. 1a). TRM cell-associated molecules RUNX3, CD69,
CXCR6 in CD8AM tumors were considerably higher than
those in CD8A!° tumors (p < 0.05) (Supplemental Fig. 1a,
b), which also had a high correlation with ITGAE, and
in ITGAE™ tumors were remarkably higher than those
in ITGAE" tumors (p <0.05) (Supplemental Fig. lc,
d). Besides that, there was a strong positive correlation
between ITGAE and several other immune checkpoint
molecules, such as PD-1, TIM-3, TIGIT, and LAG-
3. Compared with ITGAE" tumors, ITGAE" tumors
showed higher expression level of immune checkpoints
PD-1, TIM-3, LAG-3, and TIGIT and conveyed granzyme
B, IFN-y cytotoxic molecules (Fig. 1b, c). Together, the
above findings showed a significant enrichment in TRM
gene signature among CD8™ TILs in ESCC. However, no
data have directly showed the relationship between the
enrichment of CD8A or ITGAE transcripts and clinical

features, for example, sex of the patients, invasive depth,
lymph metastasis, stage of disease, tumor site, differentia-
tion, or radiotherapy (Supplementary Fig. le).

CD103* CD8* T cells were presented in ESCC,
displayed a TRM phenotype, expressed PD-1, TIM-3,
and as a relatively active cell subpopulation

Investigating the existence of CD103* CD8" cells in treat-
ment-naive ESCC patients by flow cytometry (Supplemen-
tary Table 2), CD103" CD8* T cells in TILs were found
considerable enrichment compared with PILs (p <0.0001)
and PBLs (p <0.0001) (Fig. 2a), and the conveyance of
PD-1, TIM-3, and co-expression in CD103" CD8* were sig-
nificantly higher than that in PILs (p <0.0001) (Fig. 2b and
Supplementary Fig. 2a). These cells were hardly observed
in peripheral blood, indicating they have tissue-resident
characteristics. In addition, high expression of CD69 and
4-1BB, but low conveyance of CD62L, CCR7, and CTLA-4
on CD103" CD8™ T cells in PILs and TILs, was observed.
The results conveyed a kind of T cell subpopulation with a
CD69+ CCR7" CD62L" phenotype characteristic in TRM
cells (Supplementary Fig. 2b). Importantly, PD-1, TIM-3,
and their co-expression had higher conveyance on CD103*
CD8* TILs compared with CD8* CD103~ TILs (Fig. 2¢ and
Supplementary Fig. 2a). These results indicated that CD103
identified a special population in CD8* TILs of ESCC
microenvironment, which was important for the diagnosis
and evaluation prognosis of the tumors. Additionally, this
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Fig. 1 CDSA"M tumor samples in ESCC show enrichment for ITGAE*
T cells. a Through RNA-based next-generation sequencing (RNA-
Seq) from TCGA database, analysis of the correlation between
ITGAE transcripts and CD8A transcripts (log2 normalized counts) in
tumor tissues of ESCC (left); ITGAE genes expressed differentially in
ESCC from CD8A™ tumors vs CD8A™ tumors. b RNA-Seq analysis

@ Springer

s s 10 6 7 8 9 10
ITGAE expression
(normalized)

ITGAE expression
(normalized)

ITGAE expression
(normalized)

ITGAE expression
(normalized)

of genes linked to tumor immune response from ITGAE™ or ITGAE"
tumors. ¢ Correlation between conveyance of ITGAE transcripts and
immune checkpoint transcripts (log2 normalized counts) in ESCC.
a—c An individual patient was represented by each symbol. Data ana-
lyzed from TCGA (n=98). NS no statistical differences; *p <0.05;
*#p <0.01; ¥**¥p <0.001; ****p <0.0001
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Fig.2 CD103* CD8" T cells in treatment-naive ESCC. a Dot plots
of the phenotype of CD103" CD8" T cells from the same patient
(left); surface expression of CD103* CD8* on peripheral blood lym-
phocyte (PBL), paracancer infiltrating lymphocyte (PIL) and tumor-

type of cells may be a kind of expanded, tumor-specific T
cells, which is of great significance to study the CD8* TILs.

CD103* CD8" TIL density is predictive to the survival
of ESCC patients

Since CD103* CD8* TILs were found in ESCC and showed
TRM properties, we investigated subsequently the infiltra-
tion of CD8* and CD103" TILs in epithelial tumor and
stromal region of 76 tumor tissues from stage I-IIl ESCC
patients. Anti-CD8 and anti-CD103 mAb were stained for
continuous tumor sections by hematoxylin—eosin. Posi-
tive cell in tumoral and stromal region was then analyzed
(Fig. 3a). The results showed that the majority of CD8"
TILs were located mostly within the stroma, and CD103"
TILs were particularly observed in tumor nest regions with
a high density (Fig. 3b). In addition, multi-color immuno-
fluorescence was used for full tumor slides by florescence-
labeled anti-CD8 and anti-CD103 antibodies, to comprehend
whether CD103 was majorly located on CD8* T cells in epi-
thelium. The results indicated that the majority of CD103™*
cells coexpressed CDS, revealing CD103* CD8* T cell sub-
type, while most of the CD103" cells did not coexpressed
CDS8 in the paracancerous tissue, suggesting a non-T cell
origin (Fig. 3c).

Furthermore, the association between the survival rate
and clinical-pathological features (age, gender, tumor

infiltrating lymphocyte (TIL) (right), n=28. b Surface presentation of
PD-1%, TIM-3* on CD103* CD8* of PIL and TIL, n=28. ¢ Surface
presentation of PD-1 and TIM-3 among CD103~ and CD103* TIL,
n=28. a—¢ ****p <0.0001

length, TNM stage, lymph metastasis, differentiation,
tumor site) was investigated (Table 1). Univariate analy-
sis confirmed TNM stage, and lymph metastasis was the
significant prognostic factor for OS (HR 2.24, 95% CI,
p=0.003 and HR 2.40, 95% CI, p=0.013, respectively).
TNM stage was prognostic and important for OS (HR 4.49,
95% CI, p=0.002), in multivariate analysis of CD103 and
CD8 with clinical prognostic factors about ESCC patients.

The relationship between the density of CD103* CD8*
TILs and the favorable clinical outcome has also been
investigated, using a cutoff value (3.32 H-score with
CDS8; 18.41 H-score with CD103) to delineate low or
high density. Results revealed that CD103* CD8™ TILs in
tumor region yielded the strongest association with over-
all survival rate (OS) [HR 2.65, (1.03-6.79), p=0.043],
with a 5-year OS of 81.82% in those with higher den-
sity compared with 44.20% in those with CD8!° CD103'°
tumors. Although the density of CD103* TILs or CD8*
TILs was not notably correlated with OS in this cohort of
patients [HR 2.12, (0.92—4.88), p=0.077 and HR 1.95,
(0.98-3.89), p=0.059], patients with a higher density of
CD103* TILs or CD8* TILs have a better survival ten-
dency in tumor region (Fig. 3d). Thereby, these results
implied that patients would had better long-term survival
effects with a notable intratumoral CD103* CD8" TIL
cells response.

@ Springer



1498

Cancer Immunology, Immunotherapy (2020) 69:1493-1504

a b
Paracancer Cancer
3 Tumor region
50— Stromal
cD8
cD103
(o4
Paracancer
Cancer
d
—— cpg" - cp1o3" —— cD103" cpg"
i lo . lo sk lo lo
100- CD8 1004 CD103 1004 CD103"° CD8
I 80 I 80 I 80
® ™ = ©m =
2 604 o2 604 p=0.077 S 2 60- p=0.043
8¢ p=0059 2 ¢ 8¢
oa o3 S @
= 40 O = 404 8= 404
: : S¢
3 204 3 20 3 20
o+———— o+— 0+——
0 20 40 60 0 40 60 0 20 40 60
Time( months) Time( months) Time( months)

Fig.3 Distribution and prognostic impact of CD8" and CD103*
T cells in tumor tissue (intraepithelial tumoral and stromal regions)
of ESCC with immunohistochemical staining. a Tumor and para-
cancer sections from 76 I-1II stage ESCC patients were stained with
anti-CD8, or anti-CD103 mAb. Representative images of CDS8, and
CD103 immunostaining of the same tumor area and paracancer
(magnification 400) are shown. Scale bars, 50 um. b CD8, CD103
cell localization of intratumoral and stromal were quantified. ¢ Rep-
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resentative image of tumor tissue and paracancer tissue from a
ESCC patient stained by DAPI (DNA, blue), anti-CDS8 (green), and
anti-CD103 (red) antibodies (x400). Scale bars, 20 pm. *p<0.05;
*#%%p <0.0001. d Prognostic impact of CD8, CD103 in ESCC. Over-
all survival was represented by Kaplan—Meier plots according to the
expression status of CD8 and CD103. The log-rank test was used to
compare curves and p <0.05 were considered significant



Cancer Immunology, Immunotherapy (2020) 69:1493-1504 1499

Table 1 Cox regression survival Parameter Comparison Univariate Multivariate

analysis

HR (95% CI) P HR (95% CI) p

Age (years) > 60 vs <60 1.23 (0.62-2.41) 0.552 0.77 (0.36-1.65)  0.501
Gender Male vs female 0.76 (0.35-1.62) 0.48 0.76 (0.31-182)  0.531
Tumor length (cm) >5vs<5 0.70 (0.35-1.41) 0.318 0.32 (0.14-0.77)  0.011*
TNM stage Tvs I vs III 2.24 (1.31-3.79) 0.003** 4.49 (1.69-11.89) 0.002**
Lymph metastasis NO vs N1-N3 2.40 (1.204.81) 0.013* 0.46 (0.14-1.56) 0.212
Differentiation Well vs middle vs poor 1.10 (0.66-1.83) 0.71 1.04 (0.59-1.83) 0.89
Tumor site Upper vs middle vs lower 1.36 (0.79-2.30) 0.264 1.31 (0.71-2.42)  0.396

CD103* CD8* TILs associated with tumor immune
responses

The function about these CD103" CD8* TILs was studied,
considering that it was important to elucidate which sub-
population devoted to the anti-tumor immune response in
tumor infiltrated CD8* T cells. The conveyance of Ki67
on CD103* TILs was higher than on PILs (p <0.05) and
on PBLs (p <0.001), through analysis of the conveyance
of Ki67 in CD103* T cells obtained from ESCC PBLs
(n="7), PILs (n="7), TILs (n=13) (Fig. 4a). In addition,
the expression of Ki67 in CD103% cells was higher than
that in CD103™ cells obtained from ESCC TILs (n=13,
p<0.05) (Fig. 4b). The above findings suggested CD103*
CDS8" TILs in ESCC had a tendency to proliferate and be
activated. It was proved that CD103* CD8* TILs expressed
activating and cytotoxic molecules, for example IFN-y, IL-2,
and CD107a, which indicated that CD103* CD8" TILs were
the major generators (Fig. 4c, d). These findings showed
that CD103" CD8* T cells were rich in tumor tissue and
expressed more cytotoxicity, which would contribute to the
greater anti-tumor immune effects.

CD103" CD8™ TILs exhibited a group of exhausted and
tumor-reactive cells that can be reactivated after aPD-1 anti-
bodies blockade in a view of high exhibition of PD-1 in
CD103" cells. Thus, we evaluated the function of CD103*
CDS8™ TILs in vitro with human fresh tumor tissue samples
and found that this population of TILs secreted higher IFN-y
and IL-2 after aPD-1 blockade (Fig. 4e). In order to better
understand the effect of CD103" cells by aPD-1 therapy,
we studied the immune reaction of CD103* CD8* TILs in
the 4-NQO-induced mouse model of ESCC. In line with
those findings, treatment with aPD-1 antibody prevented
tumor progression with aPD-1 blockade during tumorigen-
esis course in the ESCC mouse model (Fig. 4f). Compared
with aPD-1 therapy group, the wall was more swollen and
the number of tumors was higher than in control group
(Fig. 4g). Further study showed that there was an increase
in the number of CD8" T cell and CD103* T cell infiltration
in the tumor of aPD-1 antibody therapy group, compared
with mice received IgG as measured by IHC (Fig. 4h). These

results indicated that CD103* CD8* TILs were exhausted
tumor-reactive T lymphocytes and could be resurrected by
immune checkpoint blockade therapeutics in order to inhibit
tumor progression.

CD103* CD8* TILs were not affected
by chemotherapy

It is highly controversial about the roles of chemotherapy for
CD8™ T cells. In order to elucidate the effects about chemo-
therapy on CD103* CD8* T cells, we further analyzed their
ratios in ESCC patients after neoadjuvant chemotherapy
and found the ratios of CD103* CD8* T cells in neoadju-
vant patients were similar to that in treatment-naive ESCC
patients (Fig. Sa—c). Further, the function characteristics of
CD103" TILs were similar among neoadjuvant and treat-
ment-naive patients (p > 0.05) (Fig. 5d—e). The findings sug-
gested that CD103* CD8" TILs were not affected by chemo-
therapy in ESCC patients, revealing that the combination of
CD103" CD8™ T cell adoptive therapy and chemotherapy
can be used to treat ESCC patients.

Discussion

The therapeutic strategy of ESCC has not been improved
significantly over the last decades, which is nothing more
than surgery combined with chemo-radiotherapy [30, 31].
The Food and Drug Administration has approved to use
pembrolizumab (PD-1 antibody) as a treatment of ESCC
in July 2019. Many cases of clinical trials, such as CD8"
TILs, aPD-1 antibody combined with chemo-radiotherapy
or indoleamine-2, 3-dioxygenase inhibitor have failed in
other malignant tumors. One major reason may be that the
mechanism has not been clarified, and the rationale for the
combined treatment needs to be uncovered.

In recent years, some studies have reported CD8" T
cells could be divided into many cell subpopulations,
especially the group of CD103* CD8* TRM cells. In
this research, CD8* T cells in ESCC can be clearly split
into two populations by CD103 staining, and the CD103"
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Fig.4 Functional features of CD103* CD8* T cells in ESCC. a Pres-
entation of Ki67 and CD103 in gated CD3* CD8* T cells in PBL,
PIL, and TIL from the same ESCC patient (left); Ki67 conveyance in
CD103* T cells obtained from PBL (n=7), PTL (n="7), TIL (n=13)
was analyzed by flow cytometry (right). b Presentation of Ki67 in
CD103™ cells and CD103" cells obtained from ESCC TIL (n=13). ¢
Dot plots display IFN-y, CD107a, IL-2 induction on CD3" CD8" TIL
expressing (or not) CD103 obtained from a ESCC patient. d IFN-y
(n=9), CD107a (n=5), IL-2 (n=7) induction on CD3* CD8* TIL
expressing (or not) CD103 were analyzed by flow cytometry. e IFN-y
(n=9), CD107a (n=6), IL-2 (n=9) induction on CD103* CD8* TIL

tissue-resident T cells presented in ESCC were observed.
These cells, with a TRM phenotype, have high levels of
exhaustion markers, and the increased frequencies of
CD103* CD8™ TILs significantly correlate with the over-
all survival of ESCC patients. Moreover, these cells have
higher proliferative capacities and expressed molecules
linked to cytotoxicity, indicating the presence of a highly

@ Springer

1500 Cancer Immunology, Immunotherapy (2020) 69:1493-1504
a b
30 J
PBL PIL 36 »
5.02% 0.042% 12.0% 1.09% .
e & * X,
g5 »gao
gogm : g5 4
58 . {— g'lo
55 n 5
20 5 Aaas ~
5 R S
5 E : I g
= 72.6% 14.4% 0L aser al . 0
g QY N4 '&"J \Q":
< S S
c d
20 NS 20 x 15 *
1.79% s 10.2% ” .
i 2 315 2
£3" g2 / £ 310
S % R
L'z10 °ogw -8
55 5% $os
=3 =8 5 = a
: g g s € £— 78
4 - ~
a % 3% \
w o 45.7% 52.3% 2 " o .
& & > > 0 >
cD103 $ S N S N S
s & ® Y 5y &
€ f
30 —_— 40 NS 20 L
[ .
g £ 230 S5 : 100pg/mL 4-NQO mAbs (i.p.)
E4,20 S0 £+, / | -
T2 s g = // —L r \
88w 280 O R
- + o
S 810 s 8 =8 A8 A
e g =910 .: 5 @
a a a 4 Week 0-16 Day0 3 6 9 12 15
o ~ o N o I Week 26
2 & & Q
& §0 A\ (30 N &
g " 19G aPD-1
aPD-1 . z
-— 0.25 p=0.193 0.25 p=0.010
> =7 o —_—
o o8 0.20 0.20 a
- v o
=3 g g
- . 0.15 @ 015 °
7 SRy S £
S e =
e " et & é o10{ 8 o10
= A s E a
e Gy = 0.05 © o0s
g ¢d g 7 k Y <
i R | MBS Sty o
T A C 0. - N 0. - N
2 3 a2 3 .| § & R &

after aPD-1 blockade. f Experimental protocol of ESCC model: mice
were given injection of isotype-matched control mAb (rat IgG) or
aPD-1 antibody intraperitoneally (i.p.) at various times after drinking
4-NQO water on week 0-16. g Images of esophageal change in ESCC
mice after challenge (n=7) (left); the number of tumors in esopha-
gus: dot plots display the number of tumor (right). h Representative
images of showing CD103, CD8 T cell infiltration in tumor micro-
environment as detected by IHC (left), original magnification 400,
scale bars, 50 um; CD103, CD8 cell localization of intratumoral were
quantified (right). a, b, d, e NS no statistical differences; *p <0.05;
**%p <0.001

activated tumor-active T cell subset in CD8" TILs. Fur-
thermore, CD103" TILs were able to be rescued after
aPD-1 blockade, and their ratios were not affected by adju-
vant chemotherapy. This provided a theoretical platform
for the combination therapy strategy of adoptive treatment
combined with aPD-1 therapy or chemotherapy for ESCC.
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Fig.5 CD103* CD8* T cells in ESCC with neoadjuvant chemo-
therapy. a CD103* CD8* T cells ratios in PBL (n=18), PIL (n=18),
and TIL (n=18) after neoadjuvant chemotherapy. b Surface pres-
entation of PD-1 (n=18), TIM-3 (n=16) on CD103* CDS8" of PIL
and TIL after neoadjuvant chemotherapy. ¢ Surface presentation of
PD-1* (n=18), TIM-3* (n=16), and PD-1* TIM-3* (n=16) among
CD103~ and CD103* TIL after neoadjuvant chemotherapy. d Surface
presentation of CD103* CD8" on TILs of treatment-naive compared
with neoadjuvant chemotherapy in ESCC. There was no significant
statistical significance between neoadjuvant chemotherapy (n=18)

It was reported that CD103 expression was upregulated
in response to antigen recognition in CD103* CD8* TRM
cells [32]. It can be deduced that CD103" CDS8™ tissue-res-
ident T cells were presented at high conveyance in ESCC.
In addition, surface marker characters linked to central
memory T cells [16—19], such as high conveyance of CD69
and low expression of CCR7 and CD62L, were consist-
ent with CD103 expression, indicating that the CD103"
CD8* TILs represented TRM cells. It has been reported
recently that CD103™ T cells conveyed high levels of PD-1,
which were used as a biomarker of tumor-reactive T cells
[33, 34]. Results from this research indicated that CD103*
TILs in ESCC frequently expressed PD-1 and TIM-3, and
CD103* CD8* TILs had significant conveyance than that of
CD103™ TILs. Based on the above findings, it can be indi-
cated that CD103 is a marker of tumor-reactive CD8" TILs
educated by antigen; thus, it may be a meaningful subgroup
of cells in the anti-tumor immune reaction [35, 36].

Another study also showed that CD103 provided part
of the evidence that there was a connection between the
high density of CD103* TILs and I-III stage ESCC patient

and treatment-naive patients (n=28) about CD103" CD8* cells
(p>0.05). TN: treatment-naive, NCT: neoadjuvant chemotherapy.
e Surface presentation of PD-17, TIM-3" on CD103* TILs of treat-
ment-naive (n=28) compared with neoadjuvant (n=18) in ESCC.
There was no significant statistical significance between neoadjuvant
and treatment-naive patients (p >0.05). Among which, the expression
of TIM3*, PD1* TIM3" in neoadjuvant was 16 cases because small
specimens were got and lack of enough cells. TN: treatment-naive,
NCT: neoadjuvant chemotherapy. a—e NS no statistical differences;
*HEEED <0.0001

survival. Similar findings were acquired in endometrial
adenocarcinoma and ovarian cancer; the CD103 expression
on TILs has influence on improving patient survival [36,
37]. Additionally, endometrial adenocarcinoma patients
with remarkable conveyance of CD8" cytotoxic TIL (CTL)
favor in survival, while stromal abundance of these cells was
found to have no prognostic benefit [38—40]. These findings
suggested that it could be an important factor contributing to
immune response for the specific accumulation and retention
of T-cells in the epithelial compartment. Therefore, CD103
could accurately predict patient outcome by identifying a
subpopulation of CD8" T cells.

This study demonstrated that CD103* CD8* TILs
displayed cell proliferation marker Ki67. Addition-
ally, CD103" CD8* TILs generated more IFN-y, IL-2,
and CD107a linked to cytotoxicity compared with
CD103~ CD8* TILs. These findings indicated that
CD103* CD8"* T cells were rich in tumor tissue and
expressed more cytotoxicity, which would contribute to
the anti-tumor immune effects. Moreover, cytotoxicity of
CD103*" CD8" TILs was improved in vitro and had better
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tumor control in vivo by aPD-1 antibody blockade. The
recent success for aPD-1 and anti-PD-L1-based cancer
immunotherapy was supported by blockade of the PD-1/
PD-L1 pathway to enhance antitumor immunity with vari-
ous types of advanced solid tumors, including ESCC [8,
10, 41, 42]. These results further emphasized that CD103"*
CD8* TILs may be tumor-reactive T lymphocytes and
could be rescued as a result of blocking PD-1 signals.

Interestingly, the ratios of CD103* CD8* TILs
remained unchanged after neoadjuvant chemotherapy in
ESCC patients. There is increasing evidence on cytotoxic
drugs that damage DNA can alter the inflammatory tumor
microenvironment and stimulate the production of tumor
antigens, thereby activating anti-tumor immunity [43, 44].
Chemotherapy is not only limited to cytotoxicity, but also
depends on the reaction of anti-tumor immune response
[45]. On the other hand, effector T cells in tumor micro-
environment can enhance the function of chemotherapeu-
tic drugs by weakening basal cell-mediated resistance to
chemotherapy [46]. These observations suggested that
adoptive transfer of CD103* CD8* cells combined with
chemotherapy could be a promising therapeutic strategy
for ESCC patients.

Collectively, this study identified CD103 as a biomarker
of tumor-reactive CD8" TILs and demonstrated that CD103*
CD8™* TIL represented as tumor resident memory T cell sub-
population in ESCC. It can elicit potent anti-tumor immunity
after «PD-1 blockade and is not affected by neoadjuvant
chemotherapy. In conclusion, we suggested that CD103 is a
suitable marker to evaluate the antitumor immune response
about CD8 T cell infiltration of ESCC through freshly iso-
lated patient TIL and 4-NQO-induced mouse model of
ESCC, which might be a notable biomarker for immuno-
therapy alone or in combination with either «PD-1 blockade
or chemotherapy.
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