
Abstract. Background/Aim: Neoadjuvant chemotherapy
(NAC) using 5-FU (5-fluorouracil)/CDDP (cisplatin) is a
standard therapy for stage II/III thoracic esophageal
squamous cell carcinoma (ESCC) in Japan. The aim of this
study was to investigate whether 5-FU/CDDP could induce
immunogenic cell death in ESCC cell lines. Materials and
Methods: Tumor samples for immunohistochemistry were
obtained from 50 patients (mean age=63.1 years) with
pathological stage 0-IVa ESCC who underwent NAC
followed by surgery. Cell lines T.T and KYSE30 were used
for the in vitro experiments. Results: The concentrations of
HMGB1 were elevated in the cell line supernatants treated
with 5-FU/CDDP. 5-FU/CDDP treated dendritic cells (DCs)
showed a mature phenotype, and enhanced T cell
proliferation capacity. In addition, mature DCs were
observed in surgical specimens with a histological response
after treatment with 5-FU/CDDP chemotherapy. Conclusion:
5-FU/CDDP could induce immunogenic cell death in the
tumor microenvironment of ESCC.  

5-FU (5-fluorouracil)/CDDP (cisplatin) has been used as
neoadjuvant chemotherapy (NAC) for the treatment of stage
II/III thoracic esophageal squamous cell carcinoma (ESCC)
in Japan (1). NAC for esophageal cancer has the advantage
of suppressing micrometastasis due to the achievement of
tumor downstaging before surgery (2). 

Immunotherapy is expected to be one of the most
important treatments for ESCC; however, the interaction
between immunotherapy and chemotherapy is still
unknown. In general, because cytotoxic anticancer drugs
damage normal bone marrow cells as well as cancer cells,
they have been thought to induce immunosuppression due
to lymphopenia. On the other hand, it is considered that
chemotherapy can induce immunogenic cell death (ICD) of
tumor cells, which triggers the T cell immunity mediated by
danger-associated molecular patterns (DAMPs), which can
activate immune cells, including dendritic cells (DCs) (3).
One of the DAMPs is high-mobility group box 1 protein
(HMGB1). Extracellular HMGB1 enhances dendritic cell
antigen presentation and promotes the so-called maturation
of DCs (4). 

DC maturation includes the enhanced expression of
MHCs, costimulatory molecules such as CD80, CD86 and
lysosome-associated membrane glycoprotein 3 (LAMP-3)
(5). LAMP-3, which is normally scattered within lysosomes
on the surface of dendritic cells, is known to appear as a
component of the MHC-II molecule during antigen
phagocytosis and maturation of dendritic cells (6, 7). Thus,
LAMP-3 has been considered as a marker of DC maturation.

The local immune status is an important prognostic factor
for various types of tumor, including ESCC (8). We expect
that in addition to their antitumor cytotoxicity effect,
chemical drugs may induce ICD in ESCC. However, little
information is available regarding ICD in ESCC. The aim of
this study was to explore the influence of chemotherapy on
local infiltrating immune cells in ESCC.

Materials and Methods

Clinical samples for immunohistochemistry. Tumor samples for
immunohistochemistry were obtained from 50 patients (mean
age=63.1 years) with pathological stage 0-IVa ESCC who
underwent NAC (5-FU+CDDP or 5-FU+nedaplatin) followed by
surgical treatment at the Department of Surgical Oncology, Osaka
City University Hospital, between 2000 and 2015. The median
follow-up time was 25 months.
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Cell line. The “T.T” and KYSE 30 ESCC cell lines were used in
this study. T.T human esophageal squamous cell carcinoma cells
were obtained from the Health Science Research Resources Bank
(Osaka, Japan). KYSE30 cells were obtained from JCRB Cell bank
(Japan) (9). Cells were cultured at 37˚C and in 5% CO2. The
medium used was Dulbecco’s modified Eagle’s medium (DMEM;
Bioproducts, Walkersville, MD, USA) supplemented with 10% fetal
bovine serum (FBS; Gibco, Grand Island, NY, USA), 100 IU/ml of
penicillin (ICN Biomedicals, Costa Mesa, CA, USA), 100 mg/ml of
streptomycin (ICN Biomedicals, Aurora, OH, USA) and 0.5 mM
sodium pyruvate (Bioproducts). 

The concentrations of 5-FU and cisplatin used in the in vitro
experiments were evaluated for apoptosis by using Annexin V/7-
AAD staining and 30 μmol/l for 48 h was determined to be optimal
for both drugs. 

Isolation of DCs from surgical specimens. Surgical specimens of
nine patients with histologically diagnosed primary ESCC were
subjected to flow cytometry. The patients who received neoadjuvant
chemotherapy (5-FU/CDDP-based chemotherapy) included 4
patients with stage II disease and 2 patients with stage III disease.
None of the patients had received any treatment before this study.
Tumors were diagnosed histologically based on the 11th Edition of
the Japanese Classification of Esophageal Cancer. Primary ESCC
cells were obtained from ESCC patients undergoing surgery. The
resected tumors were weighed, minced into small pieces (1-3 mm),
and then mechanically minced into smaller pieces in PBS + 2 nmol/l
EDTA. The tumor portions were then placed in an enzyme solution
(Collagenase D), incubated (37˚C) for 30 min and then, mixed again
twice. HLA-DR+ cells were enriched by positive magnetic bead
selection (MACS; Miltenyi-Biotec, San Diego, CA, USA) using PE-
labeled primary monoclonal antibodies and anti-PE microbeads
together with LS separation columns and a Vario MACS® magnet.

Immunohistochemistry. Tumor specimens in paraffin-embedded
blocks were cut into 4-μm-thick sections. Nonspecific binding was
blocked using nonspecific staining blocking reagent (DAKO, Kyoto,
Japan). The sections were then reacted with mouse monoclonal anti-
LAMP-3 antibody (clone: 16H11.2; Merck, Darmstadt, Germany)
and rabbit monoclonal anti-CD8 antibody (clone: EP1150Y; Abcam,
Cambridge, UK) at 4˚C overnight. Sections were incubated with
secondary antibodies for 10 min at room temperature. After washing
in phosphate-buffered saline (PBS), the sections were visualized
using 3-3’-diamino-benzidine (DAB) for 5 min and counterstained
with hematoxylin. We counted the average number of LAMP-3-
positive and CD8-positive cells in 5 randomly selected fields under
a light microscope at ×400 magnification. 

Treatment with cancer cells. T.T cells (5×105) were plated in 1 ml
of full medium treated with 5-FU and/or CDDP (30 μM).
Supernatants were collected after 48 h, dying tumor cells were
removed by centrifugation, and the supernatants were isolated and
immediately frozen. The quantification of HMGB1 in the
supernatants was assessed by ELISA, which was performed
according to the manufacturer’s instructions (R&D systems,
Minneapolis, MN, USA). DCs were generated by culturing purified
CD14+ cells isolated from buffy coats in the presence of
granulocyte-macrophage colony-stimulating factor (GM-CSF:
Miltenyi- Biotec, San Diego, CA, USA) and interleukin-4 (IL-4:
Miltenyi- Biotec). The phenotypical assessment of DC maturation

after 24 h of co-culture with supernatants of chemical-treated T.T
cells was performed by using flow cytometry. Briefly, cells were
washed in PBA, incubated with Fc-receptor blocking buffer (2% HS
in PBS) for 15 min at 4˚C and subsequently stained with primary
antibodies in PBA for 30 min at 4˚C. The following monoclonal
directly labeled anti-human antibodies were used: anti-CD11c-APC
(clone: B-ly-6; BD Pharmingen, Franklin Lakes, NJ, USA), anti-
CD208-PE (clone: I10-1112; BD Pharmingen), anti-CD274-APC
(clone: MI-H1; BD Pharmingen), anti-CD80-BB515 (clone: L307.4;
BD Pharmingen), anti-CD86-BV421 (clone: 2331 (FUN-1); BD
Pharmingen), and anti-HLA-DR-FITC (clone: G46-6; BD
Pharmingen). The geometric mean fluorescence intensity (Geo MFI)
of maturation markers was assessed in CD11c+ populations. As a
positive control, DCs were stimulated with 10 μg/ml
lipopolysaccharide (LPS: Sigma-Aldrich, St. Louis, MO, USA). 

Assays of cytokine production. Monocyte-derived DCs were
cultured for 5 days and adjusted to a final concentration of 1×106
cells/ml in 24-well plates. Next, an equivalent amount of untreated
control, 5-FU and/or CDDP supernatant and 10 μg/ml LPS was
added to separate wells of the 24-well plates. Supernatants from the
designated wells were harvested after 24 h for the quantification of
cytokines (e.g., IL-1β, IL-6, IL-10) using an ELISA kit (R&D
Systems, Minneapolis, MN, USA).

Mixed lymphocyte reaction (MLR). Allogenic PBLs were stained
with 5 μM CFSE (Invitrogen, Carlsbad, CA, USA), according to the
manufacturer’s instructions and added to the DCs at a ratio of 10:1
(Lymphocytes: DCs), for an additional 5-day period. After 5 days,
co-cultures were stained with a primary anti-CD3-APC antibody
(clone: G155-178; BD Pharmingen, Franklin Lakes, NJ, USA) and
analyzed by flow cytometry. The percentage of proliferating T cells
(CD3+) was determined by assessing the CFSE dilution in the
fraction of CD3+ cells.

FITC dextran. After 24 h of incubation with supernatants, monocyte-
derived DCs were incubated for 1 h with 1 mg/ml of fluorescein
isothiocyanate (FITC)-conjugated dextran (DX) (70,000 Dalton
molecular weight, Sigma-Aldrich) at 37˚C, washed extensively, and
then examined to detect FITC signaling by CD11c+ cells.

Ethical approval and informed consent. This study's retrospective
protocol was approved by the Osaka City University Ethics Committee
(Osaka, Japan), and a written informed consent was obtained from all
patients. All volunteers provided oral and written informed consent
and agreed to the use of their samples for scientific research.

Statistical analysis. The Mann–Whitney test was used to assess the
associations between the expression of LAMP-3 and the
clinicopathological features. The Kaplan–Meier method was used
to produce overall survival (OS) curves, and a log-lank test was
used to assess the significance of differences in survival. The day
of surgery was used as the starting point for measuring OS. A Cox
proportional regression model was used for the univariate and
multivariate analyses of prognostic factors. p-Values of <0.05 were
considered to indicate statistical significance. The degree of
infiltration between the number of LAMP-3 DCs and CD8 T cells
was compared by Spearman’s correlation coefficient. All statistical
analyses were performed using the JMP software program (SAS
Institute, Cary, NC, USA).
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Results
Correlation of LAMP-3 expression with prognosis. In the
immunohistochemical analysis, LAMP-3-positive cells were
predominantly observed in the peritumoral area and CD8-T
cells were in the intratumoral area. These cells appear
morphologically as dendritic cells because of their dendrites
(Figure 1A, B). We divided the entire cohort into two groups
according to the median number of tumor-infiltrating LAMP-
3 DCs and CD8-T cells. The correlation between the number
of tumor-infiltrating LAMP-3 DCs/CD8-T cells and the
clinicopathological features is shown in Table I. The tumor
infiltration by LAMP-3 DCs in patients with pN3 and
advanced stage was significantly decreased in comparison to
those with pN0 and early stage. We found that infiltration of
LAMP-3 DCs was increased in 32 cases with any
histological changes. 

Patients with high infiltration of peritumoral-LAMP-3
DCs had a significantly better prognosis in comparison to
those with low infiltration (Figure 2). The 5-year survival
rates in patients with high and low LAMP-3 DC infiltration
were 71% and 38%, respectively. We observed that the
number of infiltrating LAMP-3 DCs and CD8-T cells had a
weak positive correlation (r=0.20, p=0.038). Eighteen of the
25 patients with high DC infiltration belonged to the CD8-
high infiltration group.

With regard to the pathological response to NAC, thirteen
patients showed downstaging. There was no correlation
between downstaging by NAC and the degree of infiltration
of LAMP-3 DCs. 
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Figure 1. Immunohistochemical staining of LAMP-3 and CD8 T cell in esophagus squamous cell carcinoma. LAMP-3 dendritic cells were mainly
distributed in the peritumoral area, but were sparsely present in the intratumoral area (A: high infiltration, B: low infiltration ×200). CD8 T cells
were found in both the peritumoral and intratumoral areas (C: high infiltration, D: low infiltration ×200).

Figure 2. Kaplan–Meier curves of overall survival in patients with
ESCC. The survival rate of patients in the high peritumoral-DC group
was significantly higher than that of patients in the low peritumoral-
LAMP-3 DC group (p=0.04, log-rank test).  



Induction of immunogenic cell death of cancer cells by 5-
FU/CDDP treatment. We used two esophageal squamous cell
carcinoma cell lines, T.T and KYSE 30, to investigate the
effect of 5-FU/CDDP chemotherapy on cancer cells. In both
TT and KYSE 30, HMBG1 production was increased by
chemotherapy treatment. The combination of 5-FU and CDDP
was more effective than either alone (Figure 3). In both T.T
and KYSE 30, IL-6 was increased by the chemotherapy
treatment (Figure 3). For IL-1B and IL-10, there were
statistically significant increases in KYSE (p<0.05), and no
significant differences were observed in T.T. Despite these
differences in cell lines, it was suggested that 5-FU/CDDP
treatment affected the production of inflammatory cytokines.

We found that the release of HMGB1 into the cell
supernatants of T.T and KYSE at 48 h after treatment with 5-
FU and/or CDDP was significantly increased in comparison to
the release in the untreated control group (p<0.05). The
production of pro-inflammatory cytokines (IL-1β, IL-6) was
increased among DCs co-cultured with chemotherapy-treated
T.T cells. There was no significant change in the production of
IL-10 by DCs stimulated with 5-FU and/or CDDP (Figure 3).

To investigate the role of HMGB1 in mediating DC
maturation by supernatants from chemotherapy-treated T.T and
KYSE30 cells, we tested the phenotypic changes in DCs
stimulated with supernatants from chemically stressed cancer
cells. We found that stimulation with supernatants of 5-
FU/CDDP-treated cancer cell lines induced the up-regulation of
HLA-DR, CD80, CD86, and the expression of LAMP-3 on
monocyte-derived DCs in comparison to stimulation with
untreated supernatants (Figure 4A). In addition, DCs co-
cultured with supernatants of 5-FU/CDDP-treated T.T cells and
KYSE30 cells showed a decreased uptake of FITC-Dextran in
comparison to the untreated control group (p<0.05) (Figure 4B).
Next, we investigated the impact of chemotherapeutic treatment
on the T cell proliferation capacity of DCs. As shown in Figure
5, monocyte-derived DCs co-cultured with supernatants of 5-
FU and/or CDDP-treated tumor cells showed a significant
increase in T cell proliferation in comparison to untreated cells.
The results were similar in both T.T and KYSE 30 cell lines.

The phenotype of tumor infiltrating DCs of surgical
specimens and the relationship with the chemotherapeutic
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Table I. Correlations between clinicopathological factors and DCs/CD8+T cells infiltration.

                                                                               N                                   LAMP-3 DCs                                                       CD8+T cells 

                                                                                              Low                  High                p-Value                Low                High                p-Value

Age                                   <70                               37                   18                      19                                              17                    20                      
                                         ≥70                               13                     6                        7                    0.88                        8                      5                     0.33
Gender                             Male                             45                   21                      24                                                 25                    20                       
                                         Female                           5                     3                        2                    0.57                        0                      5                     0.02*
Location                           Ut                                   4                     2                        2                                                   2                      2                       
                                         Mt                                 26                   15                      11                                                 14                    12                       
                                         Lt/Ae                            18                     7                      11                    0.47                        8                    10                     0.83
Length                              <5 cm                           20                     8                      12                                                   6                    14                       
                                         ≥5 cm                           20                   12                        8                    0.21                      12                    18                     0.06
pT category                      T1-2                             21                     8                      13                                                   7                    14                       
                                         T3-4                             29                   16                      13                    0.23                      18                    11                     0.04*
pN category                     N 0                               12                     5                        7                                                   5                      5                       
                                         N 1-2                            27                   13                      14                                                 12                    14                       
                                         N3-4                             10                     9                        1                   0.04*                       8                      6                     0.8
p Stage                             Stage 0                           2                     0                        2                                                   1                      1                       
                                         Stage I                            3                     2                        1                                                   1                      2                       
                                         Stage II                        14                     3                      11                                                   7                      7                       
                                         Stage III                       19                   12                        7                                                 12                      7                       
                                         Stage IV                       12                   11                        1                  <0.01*                      8                      4                     0.78
Lymphatic invasion         –                                   15                     6                        9                                                   4                    10                       
                                         +                                   35                   18                      17                    0.54                      20                    15                     0.12
Venous invasion              –                                   40                   19                      21                                                 18                    21                       
                                         +                                   10                     5                        5                    0.62                        6                      4                     0.44
Histology                         Differentiated              27                   12                      15                                                 16                    12                       
                                         Undifferentiated          21                   11                      10                    0.51                        9                    12                     0.37
Histological grade           0                                   16                   11                        5                                                   8                      8                       
                                        1a-3                              32                   12                      20                   0.04*                   17                    15                     0.84

*Statistically significant.



effect. Next, we isolated DCs from tissues and investigated
the relationship between the phenotype, including LAMP-3
expression, and the histological changes after chemotherapy.
CD11c+ DCs isolated from surgical specimens showed a
more activated phenotype, reflecting the increased
expression of CD80 (p=0.001), and LAMP-3 (p<0.001) and
PD-L1 expression in comparison to peripheral monocyte-
derived immature DCs (Figure 6). Focusing on the effect of
NAC, the expression of LAMP-3 was significantly elevated
in cases in which the effect of NAC was Grade ≥1b in
comparison to Grade ≤1a cases (Figure 7).

Discussion

In this study, we investigated the induction of ICD by 5-FU
or CDDP, which are key drugs used as neoadjuvant

chemotherapy for ESCC. We found the release of HMGB1
into cancer cell supernatants and DC maturation in vitro. Our
study suggested that chemotherapy could alter the local
immune environment.

Tumor infiltrating mature DCs have been reported to be
correlated with a good prognosis in many different types of
cancer, including ESCC (10). We previously reported that
infiltrating DCs expressing LAMP-3, which is up-regulated
on the surface of mature DCs, is an important prognostic
factor in ESCC (11). Briefly, we showed that the number of
infiltrating LAMP-3 DCs was correlated with the number of
intratumoral CD8-T cells. Our report indicated that LAMP-
3+ mature DCs may present tumor-antigens to T cells and
activate T cells in the tumor microenvironment of ESCC. 

Regarding the effect of NAC on local immunity, it has been
reported that there was no decrease in TILs (tumor infiltrating
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Figure 3. The extracellular release of HMGB1 induced by chemical drugs and cytokine production by dendritic cells (DCs) stimulated with supernatants
of chemically stressed T.T cells. The release of HMGB1 into the cell supernatants at 48 h after treatment with 5-FU and/or CDDP was significantly
increased in comparison to the release in the untreated control group (p<0.05). The production of pro-inflammatory cytokines (IL-1β, IL-6) was
increased among DCs co-cultured with chemical drug-treated tumor cells. **p<0.01, ***p<0.001, in comparison to control (untreated) cells.
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Figure 4. The phenotype of DCs after interaction with cytostatic-killed T.T cells. A. Stimulation with supernatants of 5-FU and/or CDDP-treated
tumor cells induced the up-regulation of HLA-DR, CD80, CD86, and the expression of LAMP-3 on monocyte-derived DCs in comparison to
stimulation with untreated supernatants. *p<0.05, **p<0.01, ***p<0.001, in comparison to control (untreated) cells. B. DCs co-cultured with
chemical drug-treated tumor cells showed a modest uptake of FITC-Dextran in comparison to the untreated control group (p<0.05). *p<0.05,
**p<0.01, ***p<0.001, in comparison to control (untreated) cells.



lymphocytes) and LAMP-3 DCs after NAC in lung cancer, and
that there was an increase in TILs and the tissue expression of
PD-L1 after NAC in ovarian cancer (12, 13). We showed that
the increase in tumor infiltrating mature LAMP-3 DCs was
associated with a histological effect by NAC and a favorable
prognosis in ESCC. Thus, we found that DCs were both
phenotypically and functionally activated by cancer cells treated
with 5-FU/CDDP. Some reports have indicated that 5-FU or
CDDP induce the release of HMGB1 from dying cells (14-21).
It was reported that colorectal cancer cells treated with 5-FU
released high levels of HMGB1, and that through these DCs
induced the proliferation of IFN-γ producing Th1 cells (22).
Additionally, platinum drugs, including CDDP, enhanced the
phenotypic maturation of blood myeloid DCs upon interaction
with platinum-treated tumor cells, and CD1c+DCs treated with
these platinum drugs efficiently stimulated the allogeneic
production of T cells in experiments using human melanoma
and testicular carcinoma cells (23). Our results imply that NAC
using 5-FU/CDDP for ESCC could induce ICD in vitro.
However, there is still little information about ICD for ESCC.
It has been reported that tumor antigen–specific T-cell responses
were induced in patients with ESCC following chemoradiation,

along with the elevation of HMGB1 in patients’ serum (24). The
frequency of FOXP3+ Tregs was negatively correlated with the
therapeutic response (meaning that few FOXP3+ T cells were
found in patients that responded to chemoradiation) as well as
with cancer-specific survival (25). In the present study, we
confirmed that LAMP-3 was highly up-regulated in DCs
derived from ESCC with a pathological response to NAC using
surgical specimens. Our data also showed that DCs from the
surgical specimens showed significantly higher expression of
PD-L1 compared to monocyte-derived immature DCs. These
results suggest increased local production of IFN-γ by T cells,
but significant expression of PD-L1 may lead to
immunosuppression. We showed, for the first time in a human
clinical study, that ICD was induced in ESCC by proving the
maturation of DCs. Furthermore, in contrast to the previous
reports, our study also suggested that chemotherapy alone could
induce ICD in ESCC. Our data suggest that the effect of NAC
on the immune microenvironment is not negative and may
enhance the local immune response. 

The present study is associated with several limitations.
Firstly, the doses of the anticancer drugs used in vitro differed
from the clinical doses. The exact dose of the anti-cancer drug
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Figure 5. Evaluation of functional up-regulation of DCs by Allo-MLR. Monocyte-derived DCs co-cultured with 5-FU and/or CDDP-treated tumor
cells showed a significant increase in T cell proliferation in comparison to untreated cells (p<0.001). *p<0.05, ***p<0.001, in comparison to
control (untreated) cells.



locally at the tumor site is unclear. However, the plasma
concentrations of 5-FU when using the standard dose for ESCC
was 0.53-1.14 μM (26). Furthermore, the Cmax concentrations
for CDDP in the plasma of patients are 19-22 μM (27, 28).
These doses were less than those used in our experiments.
Secondly, activation of DCs in the tumor local site was
observed, but the detailed mechanism underlying how it
promoted invasion of T cells and induced anti-tumor immunity
was not revealed. Further investigations will be required to
elucidate the precise mechanism through which NAC affects
the maturation of DCs in ESCC.
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Figure 6. The phenotype and expression of PD-L1 of tumor-infiltrating dendritic cells (DCs) of surgical specimens in comparison to monocyte-
derived immature DCs. DCs isolated from ESCC specimens showed a more activated phenotype in ESCC CD11c+ DCs, reflecting the increased
expression of CD80 (p=0.001), and LAMP-3 (p<0.001) in comparison to peripheral monocyte-derived immature DCs. The mean fluorescence
intensity (MFI) is shown. *p<0.05, **p<0.01, ***p<0.001, in comparison to control (monocyte-derived immature DCs).
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