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Background. Cisplatin resistance is observed in patients with laryngeal cancer. The present study was designed to explore the
efficacy of oxaliplatin on laryngeal cancer and elucidate the underlying mechanisms. Methods. Cell viability was determined by
using MTT assays. Cell apoptosis was determined by using annexin V and propidium iodide (PI) staining. Flow cytometry and
immunofluorescence were applied to determine the levels of calreticulin (CALR) and DiD (1,1-dioctadecyl-3,3,3,3-tetrame-
thylindodicarbocyanine). Flow cytometry was applied to analyze the levels of CD83, CD86, IFN-y-producing CD8" T cells, and
CD4*CD25"FoxP3" Tregs. The levels of adenosine triphosphate (ATP) were determined by using a chemiluminescent ATP kit
and cytokines were determined by using specific enzyme-linked immunosorbent assays (ELISAs). The levels of HMGB1 were
determined by using Western blot and ELISA, respectively. The xenograft animal model was constructed to evaluate the antitumor
effects of oxaliplatin. Results. Oxaliplatin inhibited cell growth, promoted cell apoptosis, and induced the levels of CALR, ATP, and
high mobility group box protein 1 (HMGB1) in Hep-2 cells. Oxaliplatin-treated Hep-2 cells increased the intensity of DiD and the
levels of CD83 and CD86 in dendritic cells (DCs), as well as induced the supernatant IL-6 and TNF-«. Oxaliplatin-treated primary
laryngeal cancer cell-pulsed DCs increased the IFN-p-producing CD8" T cells and suppressed CD4*CD25"FoxP3" Tregs. In vivo
data showed that oxaliplatin suppressed tumor growth and increased the populations of CD86"CD80" and CD8*CD45" cells in
the tumor tissues. Conclusion. Treatment with oxaliplatin inhibited laryngeal cancer cells by inducing immunogenic cell death.

1. Introduction

Laryngeal cancer is a malignancy in the upper digestive and
respiratory tract [1]. According to the Global Cancer Sta-
tistics in 2018, 177,422 new cases were diagnosed with la-
ryngeal cancer, and 94,771 deaths were caused by laryngeal
cancer, accounting for 1% of newly diagnosed cancer cases
and related deaths [2]. Laryngeal cancer can be attributed to
various factors including inherited gene defects (mutation),
tobacco and alcohol use, human papillomavirus infection,
and nutritional deficiencies [3]. The laryngeal cancer stage
ranges from I to IV. Besides, the vast majority (> 97%) of
laryngeal cancers are squamous cell carcinoma [1].
Currently, the treatment options are based on the UICC
TNM 8th edition staging system [4, 5]. The standard therapy
for laryngeal cancer in the early stage (stage I or II) includes

conservative surgery or radiation therapy [4, 6]. When la-
ryngeal cancer is in the advanced stage (Stage III or IV), therapy
options are surgery plus chemoradiotherapy or CRT alone [5].
In brief, therapeutic strategies for patients with advanced la-
ryngeal cancer include chemotherapy, radiotherapy, surgery, or
a combination of these [7, 8]. However, it is difficult to treat
laryngeal cancer at the advanced stage [9].

Platinum-based chemotherapy is used as the first-line
treatment [10]. However, platinum resistance is one of the
major challenges in laryngeal cancer therapy [11]. For in-
stance, cisplatin is used in patients with advanced laryngeal
cancer or who received surgery at recurrence and achieved
satisfactory effects in the initial stage [12]. However, patients
who initially respond to cisplatin therapy often develop
acquired drug resistance after long-term exposure to
cisplatin.
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Unlike cisplatin, oxaliplatin exhibits the same potency
but with a better safety profile and less platinum resistance
[13]. Chemotherapeutic mechanisms of platinum are in part
achieved by inhibiting DNA synthesis and inducing cell
apoptosis [14]. Unlike cisplatin, oxaliplatin exhibits distinct
pharmacological and immunological properties, which
feature the bidentate ligand 1,2-diaminocyclohexane in
place of two monodentate ammine ligands [15]. In-
terestingly, previous studies have revealed that oxaliplatin
not only regulates cancer cell apoptosis but also induces
immunogenic cell death (ICD) [16]. ICD triggers immune
responses in the tumor microenvironment through a series
of events [17, 18]. First, the occurrence of ICD is accom-
panied by the release of adenosine triphosphate (ATP),
which serves as the “find me” signal for dendritic cells (DCs)
[18]. Second, ICD leads to the translocation of calreticulin
(CRT) into the surface of cancer cells, which releases the “eat
me” signal for DCs [18]. Third, a large amount of high
mobility group box 1 (HMGB-1) released during ICD binds
to the toll-like receptors on the immune cells (DCs and
macrophages), which also benefits the antigen-presenting
functions of DCs [18]. Consequently, tumor-specific T cells
are induced and T cell-mediated immune responses are
triggered [18, 19]. To our knowledge, the effects of oxali-
platin on laryngeal cancer and its underlying mechanisms
are still unclear. Therefore, this study, for the first time,
investigated the antitumor effects of oxaliplatin in laryngeal
cancer. Moreover, we elucidated whether the underlying
mechanisms of Oxaliplatin on laryngeal cancer were related
to ICD.

2. Methods and Materials

2.1. Reagents and Antibodies. Cisplatin (purity 99%) and
oxaliplatin (purity 99%) were purchased from Boyuan
Chemical Company (Nantong, China) and dissolved in sterile
water. MTT (3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tet-
razolium bromide) assay kit and crystal violet were purchased
from Sangon Biotech (Shanghai, China). ATP determination
kit was purchased from Thermo Fisher (MA, United States).
A cell apoptosis kit (PI-annexin V) was purchased from BD
(NJ, United States). APC-conjugated calreticulin (CALR)
antibody was purchased from Biorbyt (MO, United States).
HMGB-1 antibody was purchased from Abcam (MA,
United States). FITC-conjugated anti-CD83 (Clone: Michel-
19), BV510 conjugated anti-CD86 (Clone: 1T2.2), PerCP-
Cy5.5 conjugated anti-CD8 (Clone: RPA-T8), BV421 con-
jugated anti-CD4 (Clone: OKT4), AF700 conjugated anti-
IEN-y (Clone: 4S.B3), and PE-conjugated anti-FoxP3 (Clone:
206D) were purchased from Biolegend (CA, United States).
Vybrant™ DiD Cell-Labeling Solution was purchased from
Invitrogen (CA, United States).

2.2. Cell Culture and Cell Viability Assays. Human laryngeal
cancer cells Hep-2 and mouse head and neck carcinoma cells
SCC7 were purchased from ATCC and cultured in Eagle’s
Minimum Essential Medium supplement with 10% fetal
bovine serum (FBS). Hep-2 cells were seeded at a density of
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5,000 cells per well in a 96-well microplate and incubated for
24 h. Next, cisplatin (5, 7.5, and 10 uM) or oxaliplatin (5, 7.5,
and 10 yuM) was added and incubated for another 48 h. Cell
viability was determined by the MTT assay.

2.3. Quantification of ATP and HMGBI. After 24 h exposure
to different treatments, cell supernatant was collected and
centrifuged at 15000 g for 30 mins to separate the proteins. A
Luminometric ATP Assay Kit (AAT Bioquest, CA, USA)
was then utilized to quantify the content of ATP in the
supernatant. Mixed ATP monitoring enzyme, ATP sensor,
and reaction buffer were used to prepare the ATP assay
solution in accordance with the manufacturer’s instructions.
Following exposure to different treatments, the samples were
mixed with the ATP assay solution to detect the intensity of
luminescence. The concentrations of ATP were then cal-
culated. Western blot was used to detect the release of
HMGBI in cell supernatant. BSA (bovine serum albumin) in
the culture medium was used as a loading control.

2.4. Cell Apoptosis. Hep-2 cells were seeded at a density of
1.0x10” cells per well in 24-well plates. Next, the cells were
treated with cisplatin (5, 7.5, and 10 M) or oxaliplatin (5, 7.5, and
10 uM) for 24 h. Cell suspension was prepared and incubated
with FITC-conjugated annexin V staining solution. Cell sus-
pension was stained with the PI solution in the dark. The
population of early apoptotic and late apoptotic cells were an-
alyzed using a flow cytometer (BD Bioscience, CA, United States).

2.5. Isolation of Dendritic Cells (DCs). DCs were isolated
from peripheral blood mononuclear cells (PBMCs)
according to the previously described method [20]. In brief,
the PBMCs were isolated enriched by gradient centrifuga-
tion, and monocytes were depleted using RosetteSep™
Human Monocyte Depletion Cocktail (STEMCELL, USA).

2.6. Flow Cytometry. Hep-2 cells were seeded at a density of
1.0 x 10 cells per well in 12-well plates. After treatment with
cisplatin (7.5 uM) or Oxaliplatin (7.5 uM) for 24 h, the cells
were collected. Cells were stained with APC-conjugated
anti-CALR and PI and then analyzed by a flow cytometer.
Hep-2 cells were treated with cisplatin (7.5uM) or
oxaliplatin (7.5 yM) for 24 h prior to coculturing with DCs
that were isolated from PBMCs. The ratio of DCs and Hep-2
cells was 5:1. After coculturing for 4 days, total cells were
collected, and DCs were stained with FITC-conjugated anti-
CD83 and BV510-conjugated anti-CD86. The population of
DCs and mean fluorescence intensity were analyzed by flow
cytometer (BD LSRFortessa, BD Biosciences, USA).

3. Evaluation of DCs Phagocytosis

Hep-2 cells were treated with cisplatin (7.5 M) or oxali-
platin (7.5 yM) for 24 h prior to coculturing with DCs that
were isolated from PBMCs. The ratio of DCs and Hep-2 cells
was 5:1. After coculturing for 4 days, DC phagocytosis was
evaluated. DCs were collected and stained with DiD labeling
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solution and analyzed by a flow cytometer. In addition, DCs
were stained with DiD labeling solution.

3.1. ELISA. Hep-2 cells were treated with cisplatin (7.5 yM)
or oxaliplatin (7.5uM) for 24h prior to coculturing with
DCs that were isolated from PBMCs. The ratio of DCs and
Hep-2 cells was 5:1. After coculturing for 4 days, cell su-
pernatant was collected. The levels of interleukin (IL)-6 and
tumor necrosis factor (TNF)-a were determined using
specific ELISA kits (R&D Biosystem, MN, United States).

3.2. Evaluation of Tumor-Specific T Cells. Primary laryngeal
cancer cells were treated with cisplatin (7.5uyM) or oxali-
platin (7.5 uM) for 24 h prior to coculturing with DCs that
were isolated from PBMCs. The ratio of DCs and Hep-2 cells
was 5:1. DCs were collected after coculturing for 4 days and
referred to as cocultured DCs. Unpulsed DCs (DCs without
coculturing) were used as the control group. Cocultured or
unpulsed DCs were added into autologous T cells and
cultured for 14 days. After that, T cells were collected and
stained with PerCP-Cy5.5-conjugated anti-CD8, BV421-
conjugated anti-CD4, AF700-conjugated anti-IFN-y, and
PE-conjugated anti-FoxP3. A flow cytometer was applied to
analyze the population of IFN-y-producing CD8" T cells and
CD4"FoxP3" Tregs cells. CD8" T and CD4" T cells were
gated from the cocultured cells according to the staining of
the anti-CD8 antibody and anti-CD4 antibody.

3.3. Xenograft Animal Model Construction and Drug
Administration. Nude mice were purchased from Shanghai
Model Organisms (Shanghai, China). Studies were approved by
the Second Hospital of Hebei Medical University. After adaption
for one week, the mice were subcutaneously injected with 2 x 10°
SSC7 cells. When tumor volumes reached about 50 mm?, the
mice were divided into three groups. In the cisplatin-treated
group, the mice received cisplatin (3.0 mg/kg, i.v.) every three
days for 4 times. In the oxaliplatin-treated group, the mice
received oxaliplatin (3.0 mg/kg, i.v.) every three days for 4 times.
In the control group, the mice received an equal volume of PBS
every three days for 4 times. Tumor growth was evaluated in the
experimental period. At the end of the experimental period, the
mice were euthanized and the tumor tissues were collected. The
cell suspension was prepared to analyze the populations of
CD86"CD80" and CD8"CD45" cells in tumor tissues.

3.4. Statistical Analysis. Data were shown as mean-
+standard deviation (S.D). Statistical analysis was per-
formed using GraphPad Prism8 (GraphPad Software; La
Jolla, CA, USA) using a Student’s ¢-test or one-way analysis
of variance with multiple comparisons. A p value less than
0.05 was considered statistically significant.

4. Results

4.1. Inhibitory Effects of Cisplatin and Oxaliplatin on Human
Hep-2 Laryngeal Cancer Cell Growth. The effects of cisplatin
and oxaliplatin on the viability of Hep-2 cells were determined

by MTT assay. We found that treatment with cisplatin or
oxaliplatin significantly decreased the cell viability in a con-
centration-dependent manner (Figure 1(a)). Moreover, the
effects of cisplatin and oxaliplatin on cell apoptosis were de-
termined by a flow cytometer. We observed that treatment with
cisplatin and oxaliplatin significantly increased the populations
of apoptotic cells as compared to the control group
(Figure 1(b)). However, the percentages of apoptotic cells, and/
or necrotic cells, between cisplatin-treated and oxaliplatin-
treated groups showed no significant difference
(Figure 1(c)). These results supported that cisplatin and oxa-
liplatin exhibited similar antitumor effects against Hep-2 cells.

5. Oxaliplatin-Induced Immunogenic Cell
Death (ICD) in Hep-2 Cells

Next, we evaluated the effects of cisplatin and oxaliplatin on
ICD in Hep-2 cells. We found that treatment with oxali-
platin (7.5uM) significantly increased the population of
CALR-positive cells, as well as the MFI (mean fluorescence
intensity), as compared to the control group (Figures 2(a)-
2(c)). However, cisplatin did not significantly affect the
population of CALR-positive cells or MFI as compared to
the control group (Figures 2(a)-2(c)). In addition, we also
found that oxaliplatin significantly increased the levels of
CALR in AMC-HN-8 cells (Fig. S1).

The levels of supernatant HMGB1 (S-HMGBI1) were
determined by Western blot and ELISA. We found that
treatment with oxaliplatin (7.5uM) significantly increased
the levels of S-HMGBI as compared to the control group
(Figures 2(d) and 2(e)). Consistently, treatment with oxa-
liplatin (7.5 uM) significantly increased the expression of S-
HMGBI in AMC-HN-8 cells (Fig. S1B). Furthermore, the
amount of ATP released in the supernatant was detected. We
observed that treatment with oxaliplatin (7.5uM) signifi-
cantly increased the ATP release as compared to the control
group (Figure 2(f)). In addition, treatment with oxaliplatin
(7.5uM) also significantly increased the ATP release in
AMC-HN-8 cells (Fig. S1IC). These results suggested treat-
ment with oxaliplatin-induced ICD.

6. Oxaliplatin-Treated Hep-2 Cells Enhanced
DC Phagocytosis and the Levels of
Maturation-Associated Markers

The effects of oxaliplatin-treated Hep-2 cells on DC
phagocytosis were determined. We observed that treatment
with oxaliplatin significantly enhanced the DiD signal in-
tensity to 83.7% as compared to the control (8.1%) and
cisplatin-treated groups (14.3%) (Figure 3(a)). In addition,
treatment with oxaliplatin (7.5 yM) also increased the per-
centage of phagocyted cells as compared to the control and
cisplatin-treated groups (Figure 3(b)).

Furthermore, DC maturation-related biomarkers including
CD83 and CD86 were determined. Treatment with oxaliplatin
(7.5 uM) significantly increased the expression levels of CD83
and CD86 compared to the control and cisplatin-treated groups
(Figures 3(c) and 3(d)). We also measured the levels of in-
flammatory cytokines (IL-6 and TNF-«) in the supernatant,
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FiGure I: Inhibitory effects of cisplatin and oxaliplatin on human Hep-2 laryngeal cancer cell growth. (a) The cells were incubated with
cisplatin or oxaliplatin (5, 7.5, and 10 uM) for 48 h Cell viabilities were determined by MTT assay. (b) Cell apoptosis was determined by
propidium iodide and annexin V staining. (c) The population of apoptotic cells including early- and late-apoptosis (annexin V'PI” and
annexin V'PI", respectively), and/or necrotic cells were analyzed by flow cytometer. Data were represented as the means + SD. ns indicates
no significant difference.
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FIGURE 2: Oxaliplatin induced immunogenic cell death (ICD) in Hep-2 cells. (a) After the cells were incubated with cisplatin (7.5 M) or
oxaliplatin (7.5 uM) for 24 h the cells were then stained with the APC-labeled anti-CALR antibody. The levels of surface calreticulin (CALR)
in viable cells (refers to as PI negative) were determined by a flow cytometer. (b-c) The percentage of CALR-positive cells and the mean
fluorescence intensity (MFI) were determined by flow cytometry. (d-e) Hep-2 cells were incubated with cisplatin or oxaliplatin. Next, the
levels of HMGBI in cell supernatant were determined by Western blotting and ELISA, respectively. (f) ATP released was determined by
a commercialized kit. Data were represented as the means+ SD. **p <0.01, ***p < 0.001 compared with the cisplatin group.

which were significantly increased in the supernatant when DCs
were cocultured with oxaliplatin-treated Hep-2 cells
(Figure 3(e)). Taken together, these results supported that
oxaliplatin-treated Hep-2 cells enhanced DC phagocytosis and
the levels of DC maturation-associated markers.

6.1. The Effects of Oxaliplatin-Treated Primary Laryngeal
Cancer Cell Pulsed DCs on the Populations of T Cells.
Finally, we evaluated the effects of DCs that were cocultured
with oxaliplatin-treated primary laryngeal cancer cells on the

populations of T cells, including IFN-y-producing CD8"
T cells and CD4"CD25"FoxP3" Treg cells. Primary laryngeal
cancer cells were treated with cisplatin (7.5uM) or oxali-
platin (7.5 uM) prior to coculturing with DCs. Cocultured or
unpulsed DCs were added into autologous T cells and in-
cubated for 14 days. We observed that cocultured DCs
significantly increased the populations of IFN-y-producing
CD8" T cells (Figure 4(a)) and suppressed the populations of
CD4"CD25"FoxP3™ Treg cells (Figure 4(b)). These results
demonstrated that the antitumor effects of oxaliplatin were
in part mediated by the regulation of tumor-specific T cells.
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FIGURE 3: Oxaliplatin-treated Hep-2 cells enhanced DCs phagocytosis and the levels of maturation-associated markers. (a-b) Hep-2 cells
were incubated with cisplatin (7.5 M) or oxaliplatin (7.5 M) for 24h Next, the cells were labeled with DiD prior to coculturing with
immature DCs. After the cells were co-cultured for 24 h, the phagocytosis of DCs against Hep-2 cells and the percentage of phagocyte cells
were determined by immunofluorescence staining. The cells were analysed by flow cytometry. (c-d) The levels of maturation-associated
surface markers including CD83 and CD86 were determined by flow cytometry. (e) The levels of IL-6 and TNF-« in the supernatant were
determined by specific ELISAs. Data were represented as the means + SD. **p <0.01, ***p <0.001 compared with the cisplatin group.

6.2. Treatment with Oxaliplatin Suppressed Tumor Growth in
Xenograft Animal Model. Finally, we evaluated the effects of
oxaliplatin on tumor growth in a xenograft animal model.
The results showed that treatment with oxaliplatin (3.0 mg/
kg, i.v.) significantly reduced the tumor volume as compared
to the control and cisplatin-treated groups (Figure 5(a)).
Next, we evaluated the populations of CD86"CD80" and
CD8'CD45" cells in the tumor tissues. Interestingly, we
observed that treatment with oxaliplatin (3.0 mg/kg, i.v.)
significantly increased the populations of CD86"CD80"
(Figures 5(b) and 5(c)) and CD8CD45™ cells (Figures 5(d)
and 5(e)) in the tumor tissues as compared to the control and
cisplatin-treated groups.

7. Discussion

This study investigated the antitumor activities of oxaliplatin
against laryngeal cancer and its underlying mechanism. Our
results showed that oxaliplatin inhibited cell growth and
promoted cell apoptosis. In addition, oxaliplatin enhanced the
phagocytosis effects of DCs against tumor cells and regulated
the populations of tumor-specific T cells (IFN-y-producing
CD8" T cells) and Treg cells. Taken together, these results
supported that, the antitumor activities of oxaliplatin against
laryngeal cancer were in part mediated by regulating ICD.
Cisplatin is one of the most commonly used chemo drugs
in advanced laryngeal cancer therapy [21]. Antitumor
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F1GURE 4: Oxaliplatin-treated primary laryngeal cancer cells pulsed with DCs induced the populations of tumor-specific CD8" T cells and
reduced the population of Treg cells. Cisplatin or oxaliplatin-treated primary laryngeal cancer cells were pulsed with monocyte-derived DCs.
After that, the cells were used to stimulate autologous T cells for 2 weeks. (a-b) The numbers of IFN-y-producing CD8" T cells were analyzed
by intracellular IFN-y staining after stimulation. The frequencies of CD4*CD25"FoxP3" Treg cells were analyzed by a flow cytometer. The
results are from five independent studies. Data were represented as the means + SD. **p < 0.01 compared with the cisplatin group.

activities of cisplatin are in part mediated by inducing DNA
damage and promoting cell apoptosis [22]. However, cisplatin
resistance is the major challenge in laryngeal cancer treatment
[23]. Patients who initially respond to cisplatin therapy often
develop acquired drug resistance after long-term exposure to
cisplatin [23]. Oxaliplatin is a novel platinum derivative and
belongs to the platinum class of drugs as cisplatin [24].
Oxaliplatin is featured by 1,2-diaminocyclohexane instead of
two monodentate ammine ligands, which is different from
cisplatin [24]. Enhanced replicated bypass and loss of mis-
match repair are observed in cisplatin resistance. Enhanced
replicated bypass has also been demonstrated for the
cisplatin-DNA adduct, but not for the oxaliplatin-DNA ad-
duct. In addition, the mismatch repair complex can recognize
the cisplatin-DNA adduct, but not the oxaliplatin-DNA ad-
duct [25]. In addition to structural differences, oxaliplatin
exhibits stronger antitumor effects against gastric cancer than
cisplatin in previous studies [26, 27]. To our knowledge, the
antitumor activities of oxaliplatin against laryngeal cancer are
still unknown. Therefore, this study was designed to

investigate the antitumor activities of oxaliplatin against la-
ryngeal cancer. Our results demonstrated that treatment with
oxaliplatin reduced cell viability and promoted apoptotic cell
populations in Hep-2 cells.

Interestingly, our results demonstrated that oxaliplatin
showed similar antitumor efficacy as cisplatin. We further
explored the underlying mechanisms of oxaliplatin and
cisplatin against laryngeal cancer. Previous studies have
demonstrated that cisplatin induces similar immunogenic
changes as oxaliplatin in head and neck squamous cell
carcinoma [28]. This study revealed that both cisplatin and
oxaliplatin were weaker inducers of ICD in a xenograft
mouse model. To our knowledge, the inducible effects of
oxaliplatin on ICD have been reported in previous studies.
For instance, Tesniere and colleagues found oxaliplatin-
induced ICD in patients with colon cancer [29]. More re-
cently, Zhu and colleagues reported that treatment with
oxaliplatin-induced ICD in hepatoma cell lines showed
synergistic effects with immune checkpoint blockage [16].
However, it is still unknown whether the antitumor activities



Journal of Oncology

FITC anti-CD83

Tumor volume (mm?)

2500

2000

500

— —
(=3 w
(=3 (=3
(=} (=}
| |

O 1
0 4 8 12 16 20
Days
—e— Control
Cisplatin
—— Oxaliplatin
()
Control Cisplatin Oxaliplatin
10° 4
] 7.4% 10.2%
10* =
10% =
10° 4
i R . BARE Lk ] LA B ] L L d LRAARRAREY . . ARELLLE | T T b | L R T L v T Ll | ¥
10°  10° 10* 10° 100 103 10* 10° 100 10° 10* 10°
BV510 anti-CD86 BV510 anti-CD86 BV510 anti-CD86
(b)
40
g 4%
Q -
= 30
=i
T 201
.
(=3
[~
a
o
O 10
[
@)
O
0- AN
O <& >
& &
O 1% O@

(9

FiGgure 5: Continued.




10

Journal of Oncology

10° <
(<] =
a
Q \ 2.7% 3.8% 12.1%
Q
<
i ]
>
@)
Ay
0 10° <
o)
8 E
10° 4 @
LA . . AL LA | R P | H bk B T T ™ T T T T T T | AMLARRS . | LAA | b i | Uik |
100 10° 10* 10° 100 10° 104 10° 100 10° 104 10°

APC anti-CD45

APC anti-CD45
(d)

APC anti-CD45

15 4
< o4k
et
3
+ 10 A
L
<
a
Q
k=]
2
T
Q
+
=2
o)
Q

O -

’60\ ré'é\ ré'é\
& Q Q
@ o3 >
oM

FIGURE 5: In vivo antitumor effect of cisplatin and oxaliplatin in a mouse model of head and neck tumor. (a) Inhibition of tumor growth by
various treatments on C3H/HeJ mice bearing murine mouse head and neck carcinoma SSC7 (n =6). When tumor volumes reached about
50 mm?, mice received PBS, cisplatin, or oxaliplatin every three days for 4 times, the administration dosage of cisplatin and oxaliplatin was
3.0 mg/kg (i.v.). Data were represented as the means + SD. *p < 0.05 (versus cisplatin group). (b-c) Flow cytometer gating and histogram
analysis of matured DCs in the tumor tissues at the end of treatment (n = 6). The matured DCs were denoted as CD80+ CD86+ populations
(gate in CD45+ CD11b+ CD11c + cell population). (d-e) Flow cytometer gating and histogram analysis of cytotoxic T cells (CD8+ T cells) in
the CD45+ tumor-infiltrating immune cells in tumor tissues from mice receiving indicated treatment (n=6). ***p < 0.001 compared with

the cisplatin group.

of oxaliplatin and cisplatin against laryngeal cancer were
associated with ICD. Herein, we investigated the effects of
oxaliplatin and cisplatin on ICD. The results demonstrated
that oxaliplatin, but not cisplatin, induced ICD in
Hep-2 cells. These results supported that the underlying
mechanisms of oxaliplatin against laryngeal cancer were
different from cisplatin.

ICD is a complex process involved in many types of
immune cells including macrophages, DCs, and T cells
[18, 30, 31]. When ICD occurs, the activation of immune
responses is accompanied by a series of cellular events [30].
The release of ATP serves as the “find me” signal for DCs
[18]. In addition, ICD leads to the CRT translocation into the
surface of cancer cells, which releases the “eat me” signal for
DCs [18]. Furthermore, a large amount of HMGBI is re-
leased during ICD which binds to the toll-like receptors on
the immune cells (DCs and macrophages), leading to the
release of inflammatory cytokines including IL-6 and TNF-«

[18, 32]. Besides, HMGBI is beneficial for enhancing the
antigen-presenting functions of DCs [32]. Consequently,
tumor-specific T cells are induced and T cell-mediated
immune responses are triggered [33].

In the present study, we found that oxaliplatin, but not
cisplatin, regulated a series of cellular events during ICD.
First, treatment with oxaliplatin enhanced the phagocytosis
of DCs against tumor cells and the maturation of DCs.
Oxaliplatin enhanced the intensity of DiD in DCs and the
levels of CD83 and CD86 on the surface of DCs. Second,
treatment with oxaliplatin induced an inflammatory re-
sponse in the coculture system. We observed that oxaliplatin
increased the amount of ATP and HMGBI and the levels of
inflammatory cytokines including IL-6 and TNF-a. Third,
treatment with oxaliplatin also regulated the population of
T cells including tumor-specific T cells and Treg cells.
Oxaliplatin increased the population of IFN-y-producing
CD8" T cells and suppressed the population of
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CD4"CD25"FoxP3" Tregs in the coculture system. However,
several limitations must be noted. First, it would be of more
clinical relevance if the findings are verified in patients.
Second, detailed mechanisms could be explored to explain
the underlying molecular events.

8. Conclusion

Oxaliplatin inhibited Hep-2 cell growth and regulated cell
apoptosis. In addition, oxaliplatin-induced ICD in human
laryngeal cancer cells by inducing the phagocytosis of DCs
and regulating the populations of tumor-specific T cells and
Treg cells. Taken together, oxaliplatin exhibits antitumor
effects against laryngeal cancer in part by regulating ICD.
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Supplementary Materials

Figure S1. Oxaliplatin induced immunogenic cell death
(ICD) in AMC-HN-8 cells. (a) After the cells were incubated
with cisplatin (7.5 uM) or oxaliplatin (7.5 uM) for 24 hours,
AMC-HN-8 cells were stained with APC-labeled anti-CALR
antibody. The levels of surface calreticulin (CALR) in viable
cells (refers to as PI negative) were determined by a flow
cytometer. (b) AMC-HN-8 cells were incubated with cis-
platin (7.5 uM) or oxaliplatin (7.5 yuM) for 24 hours, and then
the levels of HMGBI in cell supernatant were determined by
Western blotting. BSA in the culture medium was used as
the control protein. (c) The release of ATP was determined
by using a commercialized kit. Data were represented as the
means +SD. **p <0.01, ***p <0.001 as compared with the
cisplatin group. (Supplementary Materials)

References

[1] M. Cattaruzza, P. Maisonneuve, and P. Boyle, “Epidemiology
of laryngeal cancer,” European Journal of Cancer: Part B - Oral
Oncology, vol. 32, no. 5, pp. 293-305, 1996.

11

[2] Y. Deng, M. Wang, L. Zhou et al., “Global burden of larynx
cancer, 1990-2017: estimates from the global burden of disease
2017 study,” Aging (Albany NY), vol. 12, no. 3, pp. 2545-2583,
2020.

[3] E. De Stefani, P. Correa, F. Oreggia et al., “Risk factors for
laryngeal cancer,” Cancer, vol. 60, no. 12, pp. 3087-3091, 1987.

[4] V. De Sanctis, L. Belgioia, D. Cante et al., “Lactobacillus brevis
CD2 for prevention of oral mucositis in patients with head
and neck tumors: a multicentric randomized study,” Anti-
cancer Research, vol. 39, no. 4, pp. 1935-1942, 2019.

[5] J.-P. Machiels, C. René Leemans, W. Golusinski, C. Grau,
L. Licitra, and V. Gregoire, “Squamous cell carcinoma of the
oral cavity, larynx, oropharynx and hypopharynx:
EHNS-ESMO-ESTRO Clinical Practice Guidelines for di-
agnosis, treatment and follow-up,” Annals of Oncology,
vol. 31, no. 11, pp. 1462-1475, 2020.

[6] N. Agrawal and P. K. Ha, “Management of early-stage la-
ryngeal cancer,” Otolaryngologic Clinics of North America,
vol. 41, no. 4, pp. 757-769, 2008.

[7] E. M. Genden, A. Ferlito, A. Rinaldo et al., “Recent changes in
the treatment of patients with advanced laryngeal cancer,”
Head & Neck, vol. 30, no. 1, pp. 103-110, 2008.

[8] M. J. Zelefsky, D. H. Kraus, D. G. Pfister et al., “Combined
chemotherapy and radiotherapy versus surgery and post-
operative radiotherapy for advanced hypopharyngeal cancer,”
Head & Neck, vol. 18, no. 5, pp. 405-411, 1996.

[9] U. C. Megwalu and A. G. Sikora, “Survival outcomes in
advanced laryngeal cancer,” JAMA Otolaryngology-Head &
Neck Surgery, vol. 140, no. 9, p. 855, 2014.

[10] X. Ledn, R. Hitt, M. Constenla et al., “A retrospective analysis
of the outcome of patients with recurrent and/or metastatic
squamous cell carcinoma of the head and neck refractory to
a platinum-based chemotherapy,” Clinical Oncology, vol. 17,
no. 6, pp. 418-424, 2005.

[11] J. Zhou, Y. Kang, L. Chen et al., “The drug-resistance
mechanisms of five platinum-based antitumor agents,”
Frontiers in Pharmacology, vol. 11, p. 343, 2020.

[12] L. Tian, J. Zhang, X. Ren et al., “Overexpression of miR-26b
decreases the cisplatin-resistance in laryngeal cancer by tar-
geting ATF2,” Oncotarget, vol. 8, no. 45, pp. 79023-79033,
2017.

[13] A. M. Di Francesco, A. Ruggiero, and R. Riccardi, “Cellular
and molecular aspects of drugs of the future: oxaliplatin,”
Cellular and Molecular Life Sciences, vol. 59, no. 11,
pp. 1914-1927, 2002.

[14] M. Ohmichi, J. Hayakawa, K. Tasaka, H. Kurachi, and
Y. Murata, “Mechanisms of platinum drug resistance,” Trends
in Pharmacological Sciences, vol. 26, no. 3, pp. 113-116, 2005.

[15] L. Galluzzi, L. Senovilla, I. Vitale et al., “Molecular mecha-
nisms of cisplatin resistance,” Oncogene, vol. 31, no. 15,
pp. 1869-1883, 2012.

[16] H. Zhu, Y. Shan, K. Ge, J. Lu, W. Kong, and C. Jia, “Oxali-
platin induces immunogenic cell death in hepatocellular
carcinoma cells and synergizes with immune checkpoint
blockade therapy,” Cellular Oncology, vol. 43, no. 6,
pp. 1203-1214, 2020.

[17] G. Kroemer, L. Galluzzi, O. Kepp, and L. Zitvogel, “Immu-
nogenic cell death in cancer therapy,” Annual Review of
Immunology, vol. 31, pp. 51-72, 2013.

[18] A.D. Garg, A. M. Dudek-Peric, E. Romano, and P. Agostinis,
“Immunogenic cell death,” International Journal of De-
velopmental Biology, vol. 59, no. 1-2-3, pp. 131-140, 2015.


https://downloads.hindawi.com/journals/jo/2022/3760766.f1.docx

12

[19] J.-s Yu, J. Jin, and Y.-y Li, “The Physiological functions of
IKK-selective substrate identification and their critical roles in
diseases,” STEMedicine, vol. 1, no. 4, p. e49, 2020.

[20] S. Nair, G. E. Archer, and T. F. Tedder, “Isolation and gen-
eration of human dendritic cells,” Current Protocols in Im-
munology, vol. 7, no. 1, p. Unit7.32, 2012.

[21] A. A. Forastiere, H. Goepfert, M. Maor et al., “Concurrent
chemotherapy and radiotherapy for organ preservation in
advanced laryngeal cancer,” New England Journal of Medicine,
vol. 349, no. 22, pp. 2091-2098, 2003.

[22] J. Reedijk and P. H. M. Lohman, “Cisplatin: synthesis, anti-
tumour activity and mechanism of action,” Pharmaceutisch
Weekblad - Scientific Edition, vol. 7, no. 5, pp. 173-180, 1985.

[23] J. Liu, Q. Tang, S. Li, and X. Yang, “Inhibition of HAX-1 by
miR-125a reverses cisplatin resistance in laryngeal cancer
stem cells,” Oncotarget, vol. 7, no. 52, pp. 86446-86456, 2016.

[24] S. Mani, M. A. Graham, D. B. Bregman, P. Ivy, and

S. G. Chaney, “Oxaliplatin: a review of evolving concepts,”

Cancer Investigation, vol. 20, no. 2, pp. 246-263, 2002.

S. Hector, W. Bolanowska-Higdon, J. Zdanowicz, S. Hitt, and

L. Pendyala, “In vitro studies on the mechanisms of oxali-

platin resistance,” Cancer Chemotherapy and Pharmacology,

vol. 48, no. 5, pp. 398-406, 2001.

F. Zhang, Y. Zhang, Z. Jia, H. Wy, and K. Gu, “Oxaliplatin-

based regimen is superior to cisplatin-based regimen in tu-

mour remission as first-line chemotherapy for advanced

gastric cancer: a meta-analysis,” Journal of Cancer, vol. 10,

no. 8, pp. 1923-1929, 2019.

[27] F. Montagnani, G. Turrisi, C. Marinozzi, C. Aliberti, and

G. Fiorentini, “Effectiveness and safety of oxaliplatin com-

pared to cisplatin for advanced, unresectable gastric cancer:

a systematic review and meta-analysis,” Gastric Cancer,

vol. 14, no. 1, pp. 50-55, 2011.

S. J. Park, W. Ye, R. Xiao et al., “Cisplatin and oxaliplatin

induce similar immunogenic changes in preclinical models of

head and neck cancer,” Oral Oncology, vol. 95, pp. 127-135,

2019.

[29] A. Tesniere, F. Schlemmer, V. Boige et al., “Immunogenic
death of colon cancer cells treated with oxaliplatin,” Oncogene,
vol. 29, no. 4, pp. 482-491, 2010.

[30] L. Galluzzi, A. Buqué, O. Kepp, L. Zitvogel, and G. Kroemer,
“Immunogenic cell death in cancer and infectious disease,”
Nature Reviews Immunology, vol. 17, no. 2, pp. 97-111, 2017.

[31] J. M. Pitt, G. Kroemer, and L. Zitvogel, “Immunogenic and
non-immunogenic cell death in the tumor microenviron-
ment,” in Tumor Immune Microenvironment in Cancer Pro-
gression and Cancer Therapy, vol. 23, pp. 65-79, Springer,
2017.

[32] D. V. Krysko, A. D. Garg, A. Kaczmarek, O. Krysko,

P. Agostinis, and P. Vandenabeele, “Immunogenic cell death

and DAMPs in cancer therapy,” Nature Reviews Cancer,

vol. 12, no. 12, pp. 860-875, 2012.

Y. Huang, L. Li, W. Liu, T. Tang, and L. Chen, “The progress of

CAR-T therapy in cancer and beyond,” STEMedicine, vol. 1,

no. 3, p. e47, 2020.

[25

(26

[28

(33

Journal of Oncology



