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Abstract

Targeted immunotherapy using dendritic cell vaccine has been employed for the treatment of solid tumors. Topical 5-aminolevulinic
acid-mediated photodynamic therapy, an established approach for topical cancers, can induce an effective antitumor immune
response. We have previously shown that 5-aminolevulinic acid-mediated photodynamic therapy—induced tumor lysates could
considerably enhance antigen-presenting capacity of ex vivo-generated dendritic cells. The current study further demonstrates that 5-
aminolevulinic acid-mediated photodynamic therapy dendritic cell vaccine can induce immune responses against cancers. Dendritic
cells pulsed by photodynamic therapy—treated skin squamous cell carcinoma cells inhibited squamous cell carcinoma to a greater
extent than tumor lysates treated by photodynamic therapy alone or dendritic cells pulsed by freeze—thawed treated tumor cells.
Immunohistochemistry showed that photodynamic therapy dendritic cell vaccine could increase the activity of CD4" and CD8" T
cells in the tumor implantation sites. Flow cytometry assays showed that CD4" and CD8™ T cells in the spleens of photodynamic
therapy dendritic cell vaccine immunized mice increased significantly. Furthermore, we observed increased amounts of interleukin 12
and Interferon gamma (IFN-y) and decreased amounts of interleukin 10 in the splenocytes and peripheral blood of photodynamic
therapy dendritic cell vaccine immunized mice by enzyme linked immunosorbent assay (ELISA). Taken together, our findings suggest
that photodynamic therapy dendritic cell vaccination is an effective prophylactic therapy for squamous cell carcinoma.
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Introduction
! Shanghai Skin Disease Hospital, Shanghai, China

Cancer immunotherapy encompasses various techniques that
aim to activate the immune system to control tumor growth.'
Other cancer treatments, such as chemotherapy, radiation, and
surgery, all cause great damage to the body. These traditional
treatment methods have shown limited success for treating
metastatic cancers such as skin squamous cell carcinoma
(SCC). However, immunotherapy has shown progress in
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treating metastatic cancers by using the body’s own immune
system to target and destroy cancer cells.” Tumor cells have the
ability to evade the innate and adaptive immune responses
through changes in their surface antigens and synthesis of
antigen-presenting cell (APC) suppressive factors, leading to
inhibition of T-cell responses.> One of the most promising
approaches to cancer immunotherapy is the use of APCs, such
as dendritic cells (DCs).** Dendritic cells are the most potent
APCs, capable of uptaking, transporting, processing, and pre-
senting antigens to T cells.*’ Thus, significant advances have
been made in the development of DC-based vaccines.® Studies
have shown that DCs pulsed with tumor lysates could enhance
therapeutic antitumor immune responses after vaccination.” !

Dendritic cells are effective in inducing antigen-specific
immune responses by presenting tumor antigens to T cells.'
Activated CD4" T cells initiate and amplify CD8" T-cell
responses by providing cytokines or upregulating a number
of molecules on the APCs that provide accessory signals for
T-cell activation, resulting in tumor-specific immunity.'?

Our previous study shows that 5-aminolevulinic acid (ALA)-
mediated photodynamic therapy (PDT)-induced immunogenic
apoptotic tumor cells can be more effective in enhancing DC-
based cancer vaccines.'* Photodynamic therapy has been shown to
be an effective antitumor therapy that uses a photosensitizer and light
to induce damage to tumor tissues.'>'® One reason why PDT is an
effective antitumor therapy is due to the high precision of energy
delivery obtained with the assistance of photosensitizers.'® Photo-
sensitizers used in PDT are generally nontoxic molecules that pre-
ferably aggregate in cancer cells and become reactive oxygen species
when excited by a light source of appropriate wavelength and
energy.'” Our previous study showed that PDT could induce immune
response by activating the immune cells and feasible molecular
mechanisms.'®2° It was also reported that PDT-treated tumor cells
tend to induce effective antitumor immunity iz vivo compared to
tumor cell lysates produced by treatments like ionizing irradiation or
freeze—thaw (FT) therapy.”’ When combined with DC-based vac-
cines, the antitumor effects of PDT could be enhanced to decrease
cancer metastasis and target cancer cells throughout the body.

Numerous trials of DC-based vaccines have been conducted
in various types of cancers, including malignant melanoma,
prostate cancer, renal cell carcinoma, non-Hodgkin lymphoma,
multiple myeloma, colorectal cancer, and adenocarcinoma of
the lung.?* Studies have shown that antigen-pulsed DC vacci-
nation is a safe and promising tool in the treatment of cancer.*®
However, the efficacy and immunological effects of PDT-DC-
based vaccines for prevention of SCC has not been determined.
In this study, we extended our previous experiments in order to
determine the efficacy and immunological mechanism of PDT-
DC-based vaccines for SCC.

Materials and Methods

Animal and Cell Line

SKH-1 mice (female, 8 weeks old, hair-less, immunocompe-
tent), weighing approximately 30 g, were obtained from

Shanghai Public Health Clinical (Shanghai Certificate number
2010-0024, Shanghai, China). The research was conducted in
accordance with the Declaration of Helsinki and with the
Guide for Care and Use of Laboratory Animals as adopted
and promulgated by the United National Institutes of Health.
All experimental protocols were approved by the Review
Committee for the Use of Human or Animal Subjects of
Shanghai Skin Disease Hospital. Forty mice were divided into
4 groups. The PECA cell line used in this study was SCC cell
line obtained from the Cell Lines Service (Germany). PECA
cells were cultured in Roswell Park Memorial Institute
(RPMI) 1640 medium supplemented with 10% fetal bovine
serum (FBS), penicillin (100 TU-mL™"), and streptomycin
(100 pg-mL~") at 37°C in an atmosphere of 5% CO.,.

Chemicals and Reagents

RPMI 1640 cell culture medium, phosphate buffer saline (PBS),
and penicillin/streptomycin were obtained from Hyclone
(Thermo Scientific, Waltham, Massachusetts). Fetal bovine
serum was obtained from Gibco (California, USA). 5-
Aminolevulinic acid hydrochloride powder was obtained from
Shanghai Fudan-Zhangjiang Bio-Pharmaceutical Co, Ltd
(Shanghai, China). Cell Counting Kit-8 (CCK-8 kit) was
obtained from Dojindo (Kumamoto, Japan). Mouse monoclonal
anti-CD4 and mouse monoclonal anti-CD8 (Abcam, UK) were
used for immunohistochemical studies. Rabbit anti-mouse CD3-
PE, rabbit anti-mouse CD4-FITC, and rabbit anti-mouse CD8-
PE/Cy5 were also used for flow cytometric analysis. In addition,
we used mouse Interferon gamma (IFN-y), interleukin 12 (IL-
12), and IL-10 ELISA Kit (R&D Systems, Minnesota, USA),
and 3-(4,5)-dimethylthiahiazo (-z-y1)-3,5-di- phenytetrazolium-
romide (MTT) assay kit (Sigma-Aldrich, St Louis, Missouri).

Preparation of PDT Tumor Lysates

For PDT, 1 x 107 PECA cells growing in 100-mm petri dishes
were incubated in the dark with 0.5 mM ALA in serum-free
medium for 5 hours, rinsed twice with PBS, and irradiated by a
LED light (630 nm, Philips, the Netherlands) at a power density
of 10 mW/cm?, with 0.5 J/cm?. The cells were then harvested 6
hours later and used as a source of antigen for DC generation.

Preparation of DCs

Dendritic cells were isolated and cultured according to the
method of Inaba et al.** Briefly, DCs were obtained from bone
marrow precursors by flushing femur, tibia, and humerus bones
of 8-week-old SKH-1 mice with RPMI-1640. Red blood cells
were lysed with Tris-NH,CI. Cells (1 x 107 cells/well) were
then cultured in 6-well plates in fresh, complete medium, con-
taining RPMI 1640 supplemented with 10% FBS, 20 ng/mL
granulocyte macrophage colony-stimulating factor (PeproTech),
and 10 ng/mL IL-4 (PeproTech, New Jersey, USA). After 48
hours, the culture medium was removed and fresh medium was
added. On day 5, 50% of the medium was replaced with a fresh
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medium. Loosely adherent cells (immature dendritic cells
[imDCs]) collected on day 7 were used for the experiments. For
Bone Marrow-Derived Dendritic Cells maturation, day 6 DCs
were incubated with PDT tumor lysates or FT tumor lysates at a
ratio of 10 tumor cells to 1 DC (ie, 10:1) in RPMI 1640. The
treated and untreated PECA cells were collected and incubated
with imDCs for 24 hours, followed by the detection of major
histocompatibility complex (MHC-II), CD80, and CD86 on the
surface of DCs. After 24 hours of incubation, DCs were har-
vested, washed twice in PBS, and resuspended in normal saline
or RPMI 1640 for further studies.

Maturation of DCs

PECA cells without treatment or treated by ALA-PDT or F/T
were incubated with imDCs at a ratio of 20:1 (PECA:imDCs)
for 24 hours. Immature DCs were used for a negative control
and DCs incubated with 4 pg/mL Lipopolysaccharide for 24
hours were used for a positive control. After detachment and
washing, the DCs were stained with the following antibodies:
anti-mouse CD80-FITC, anti-mouse CD86-FITC, anti-mouse
MHC-II-PE (eBioscience, California, USA), according to the
manufacturer’s instructions. After the antibody staining, the
cells were washed and analyzed with a FACScan flow cyt-
ometer (Becton Dickinson, Mountain View, California).

Immunization of Animals

Forty mice were divided into 4 groups. The mice were immunized
with PDT-DC vaccine, PDT-PECA, or F/T-DC vaccine. Approx-
imately 4 x 10° DCs in 0.2 mL PBS were injected subcutaneously
into the same flank of mice. Immunization was done 3 times with
a 7-day interval. Control mice were injected with 0.2 mL PBS.

Immunohistochemical Studies

Mice were immunized 3 times with a 7-day interval. Mice were
killed 7 days after being challenged with viable PECA cells.
Freshly isolated tissue was stored in formalin and 5 pm sections
were dewaxed (30 minutes 56°C, 2 x 10 minutes xylene), fol-
lowed by rehydration, antigen unmasking, and blocking. Then the
samples were stained with anti-CD4 and anti-CDS primary anti-
bodies at 1 pg/mL in the blocking solution for 30 minutes at room
temperature. Slides were rinsed in PBS and incubated with goat
anti-rabbit Immunoglobulin G (IgG) secondary antibody (Boster,
China) diluted in blocking solution for 30 minutes. Slides were
inculcated with streptavidin—biotin complex (Boster, Wuhan) for
30 minutes, rinsed in PBS, stained using a diaminobezidin (DAB)
chromogen and hematoxylin counterstain, and observed under a
light microscope. PBS was used for negative control sections.

Estimation of Splenocytes Cytotoxicity

Seven days after the mice challenged with viable PECA cells,
mice were euthanized by cervical dislocation and spleens were
aseptically removed and stripped of fat. Single-cell suspensions
were obtained by grinding the spleens with a syringe plunger

against a fine steel mesh. Erythrocytes were lysed with ammo-
nium chloride hemolysis buffer (0.8% NH4Cl with 0.1 mM
EDTA) and then washed twice in complete RPMI-1640
medium. Splenocytes were plated in triplicate in 96-well cul-
ture plates and cultured in RPMI-1640 medium supplemented
with 10% FBS at 37°C in a humidified 5% CO, incubator.
Splenocytes were used as effector cells and PECA cells were
used as target cells. Effector cells were cultured with target
cells in different effector to target ratios (100:1, 80:1, 40:1,
20:1, 10:1) for 24 hours. PECA cells without treatment were
used as a negative control. After washing, cell death rate was
detected by CCK-8 assay according to the instructions.

Flow Cytometric Analysis of Splenocytes

Splenocytes were harvested as discussed above and stained
with the following antibodies: anti-mouse CD3-PE, anti-
mouse CD4-FITC, and anti-mouse CD8-PE/Cy5 according to
the manufacturer’s instructions. Gating was performed on
CD3" T cells and the percentage of CD4" or CD8" T cells
was calculated. After the antibody staining, the cells were
washed and analyzed with a FACScan flow cytometer (Becton
Dickinson, Mountain View, California).

Detection of Cytokines From Splenocytes and Peripheral
Blood Serum

The peripheral blood serum of the mice was extracted and
splenocytes were harvested 7 days after the mice were chal-
lenged with viable PECA cells. To evaluate systemic immune
response, cytokines (IFN-v, IL-12, and IL-10) were detected by
enzyme linked immunosorbent assay (ELISA) according to the
manufacturer’s instructions.

Evaluating the Efficacy of PDT-DC Vaccine In Vivo

To further evaluate DC vaccine-induced immune response in vivo,
female SKH-1 mice, age 6 to 8 weeks, were randomly divided into
4 groups (10 per group). The mice were immunized (see section
“Immunization of Animals”) and then challenged with 6 x 10°
viable PECA cells in the right flank 7 days after the third immuni-
zation. Following the challenge, tumor volume was assessed every
day throughout the study using calipers (width® x length/2).

Statistical Analyses

Data are presented as mean (standard deviation; unless other-
wise specified). Data were analyzed with GraphPad Prism
5 software. Statistical analyses were performed using ¢ test and
P <.05 was considered statistically significant.

Results

Maturation of DCs

PECA cells treated by PDT have a much greater ability to upre-
gulate expression of CD80, CD86, and MHC-II molecules on the
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Figure 1. Maturation of DCs. PECA cells treated by PDT have a much greater ability to upregulate the expression of CD80, CD86, and MHC-II
molecules on the surface of DCs than untreated PECA cells or F/T-treated PECA cells. DC indicates dendritic cell; F/T, freeze-thawed; PDT,

photodynamic therapy.

surface of DCs than untreated PECA cells or F/T-treated PECA
cells. The expression of CD80, CD86, and MHC-II molecules on
DCsinduced by PDT-treated PECA cells was significantly higher
than that by untreated cells or cells treated by FT (Figure 1).

Immunological Effects of DC Vaccines for PECA SCCin a
Mouse Model

Naive mice were injected subcutaneously with different DC
vaccines 3 times with a 7-day interval. Immediately following
the third immunization, the mice were implanted with PECA
cells. Seven days later, tissue samples from the tumor implan-
tation sites were collected to observe expression of CD4" and
CD8™ T cells using immunohistochemistry. As shown in Fig-
ure 2, positive staining for CD4" and CD8" T were observed in
PDT-DC vaccine group and PDT-PECA group.

Systemic Immunological Effects of PDT-DC Vaccine for
PECA SCC

Seven days after the immunized mice were challenged with
viable PECA cells, splenocytes were harvested and used for
cytotoxic T cells (CTL) assays to investigate the system immu-
nological effects. Different groups of splenocytes were incu-
bated with PECA cells in different effector to target ratios
(100:1, 80:1, 40:1, 20:1, 10:1). As shown in Figure 3A, sple-
nocytes caused significant PECA cell death as a function of the
effector to target ratio. Photodynamic therapy DC vaccination
induced an effective CTL response (approximately 45% cell

death) compared to PDT tumor lysates alone or F/T DC vacci-
nation (Figure 3B).

Moreover, the percentage of CD4" T or CD8" T cells in
splenocytes was characterized by fluorescence activated cell sor-
ter (FACS). In PDT-DC vaccine group, the percentage of CD4" T
or CD8™ T cells in splenocytes was 72.9% or 25.8%, respectively
(Figure 4). In the PDT-PECA group, the percentage of CD4™* T or
CDS8™ T cells in splenocytes was 67.9% or 23.5%, respectively
(Figure 4). In F/T-DC group, the percentage of CD4" T or CD8*
T cells was 62.6% or 21.2%, respectively (Figure 3). In control
group, the percentage of CD4" T or CD8™ T cells was 61.7% or
20.1%, respectively (Figure 4). The percentage of CD4" T or
CDS8™ T cells in normal splenocytes was 60.4% or 20.6%, respec-
tively (Figure 4). Thus, vaccination with PDT-DC resulted in
potent stimulation of CD4" T and CD8™ T cells.

Expression of IFN-y, IL-12, and IL-10 in Splenocytes and
Peripheral Blood in Mice After Inmunization

Seven days after the immunized mice were challenged with
viable PECA cells, splenocytes were harvested and the periph-
eral blood of the mice was extracted. The expressions of IFN-y,
IL-12, and IL-10 from splenocytes and peripheral blood were
evaluated by ELISA. As shown in Figure 4, PDT-DC vaccina-
tion induced significant high levels of IFN-vy and IL-12 secre-
tion compared to PDT-PECA, F/T-DC vaccination, or PBS
only. Decreased levels of IL-10 from splenocytes and periph-
eral blood were detected in the PDT-DC vaccine group and
PDT-PECA group (Figure 5).
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Figure 2. Immunological effects of DC vaccines for PECA SCC in a mouse model. Naive mice are injected with different DC vaccines 3 times
with a 7-day interval. Immediately following the third immunization, the mice were implanted with PECA cells. Seven days later, tissue samples
at the tumor implant sites were collected for histology. A, Histology of SCC tumors after different treatments stained for CD41 and CD8* T
cells. B, The counts of CD4" and CD8™ T cells after different treatments. **P < .005, *P < .05. DC indicates dendritic cell; SCC, squamous cell
carcinoma.

A 80+ —e— PDT-DC vaccine group B S04
iz W07 —=— PDT-PECA group —~ 50 Fok
o . == o dok by
S 60+ F/T-DC wvaccine group s is —
o 504 —— Control % —
E 40- —+— Normal = 804
T 304 g 20-
= 204 = 104
8 10 S =]
) 3> —1 % 0- -@ "H.'H' T T
0 ¥ —% T T 1 N ~ 2 < Q
20 40 60 80 100 Sl o S > G
s N & & &)
- < & S &
Effector : Target(x:1) &S <& &S
< 6\‘ <7
& Ll -
<& S

Figure 3. Splenocyte cytotoxicity after immunization of mice by different vaccines. Seven days after the immunized mice were challenged with
viable PECA cells, splenocytes harvested from the mice were used as effector cells. Effector cells were cultured with target cells (PECA cells) in
different ratios (100:1, 80:1, 40:1, 20:1, 10:1) for 24 hours. A, Cell death rates of PECA cells in different effector to target ratios. B, Cell death
rates of PECA cells in different groups at a 100:1 effector to target ratio. **P < .005, *P < .05.
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Figure 5. Expression of IFN-vy, IL-12, and IL-10 in splenocytes and peripheral blood in mice after immunization. Seven days after the immunized
mice were challenged with viable PECA cells, splenocytes were harvested and the peripheral blood of the mice was extracted. The expressions of
IFN-y, IL-12, and IL-10 were evaluated by enzyme linked immunosorbent assay (ELISA) from the splenocytes (A-C) and peripheral blood (D-F).
The PDT-DC vaccination induced significantly high levels of IFN-y and IL-12 as well as significantly low levels of IL-10, compared to that of

PDT-PECA, F/T-DC, or phosphate buffer saline (PBS) only. *P < .05. DC, dendritic cell; IL, interleukin; PDT, photodynamic therapy.

Dendritic Cell Vaccines Against PECA SCC in a Mouse
Model

To further evaluate the prophylactic effects of PDT-DC vac-
cine for SCC, we immunized the SKH-1 hairless mice with a
PDT-DC vaccine, PDT-PECA, or F/T-DC vaccine 3 times with
a 7-day interval. Seven days after the third immunization, the
mice were challenged with viable PECA cells in the other
flank. As shown in Figure 6A-E, 21 days after injection with
PECA cells, no tumors were observed in PDT-DC vaccine
group, while all mice immunized with the F/T-DC vaccine or
PBS experienced tumor growth. In PDT-PECA group, tumors
were observed 7 days after tumor cells challenge, but faded
away 7 days after tumor cells challenge. As shown in Figure
6F, the rate of tumor formation of the PDT-DC vaccine group
was 0, whereas the PDT-PECA group, F/T-DC vaccine group,
and control group represented high rate of tumor formation.

Discussion

Dendritic cell-based cancer vaccines are an attractive and promis-
ing form of cancer immunotherapy.>> Numerous trials have shown
that DC-based vaccination is capable of inducing tumor-specific

T-cell responses, yet overall, the therapeutic efficacy of this
approach is limited due to the lack of ubiquitous tumor antigens.’

5-Aminolevulinic acid-mediated PDT is an established
treatment for cutaneous cancers and precancerous lesions. It
is demonstrated in our previous study that PDT can induce cell
death and activate immune cells.'® It was reported that hyper-
icin mediated PDT-induced immunogenic apoptosis character-
ized by phenotypic maturation and functional stimulation of
DCs and enhanced antitumor immunity.?®?” Our previous
study also showed that morphology maturation and functional
activation of DCs could be potentiated by ALA-PDT-treated
apoptotic PECA cells."* Moreover, DCs pulsed with ALA-
PDT-induced PECA lysates provided protection against skin
SCC in mice."*

It was reported that DCs loaded with antigens evoke strong
allogeneic stimulatory activity in mixed lymphocyte reactions
and activate CD4 " and CD8" T cells.?® Saji et al also reported
that DCs injected into tumors following PDT treatment resulted
in potent systemic antitumor immunity and regression of both
directly injected and distant tumors, suggesting that the anti-
tumor activity was mediated by CD8" T cells.® Immunohisto-
chemistry showed positive staining for CD4" T and CD8* T
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Figure 6. Effects of DC vaccines for PECA SCC in a mouse model. Naive mice were injected subcutaneously with different DC vaccines 3
times with a 7-day interval. Immediately following the third immunization, the mice were implanted with PECA cells. A-D, Tumor growths in
mice under immunization of different vaccines. No tumors were observed in PDT-DC vaccine group (A). In the PDT-PECA group, tumors were
observed 7 days after tumor cells challenge, but faded away 14 days after tumor cells challenge (B). All mice in F/T-DC vaccine group (C) or
control group (D) experienced tumor growth. E-F, Tumor volume and rate of tumor formation in different groups. n = 10 per group. **P < .05.
DC indicates dendritic cell; PDT, photodynamic therapy; SCC, squamous cell carcinoma.
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cells in the tissues of PDT-DC vaccine group, in comparison
with the PDT-PECA group (Figure 1). Our results were con-
sistent with the previous reports'* and demonstrated that the
PDT-DC vaccine induced immune effects by recruiting and
activating CD4" T and CD8" T cells in the topical area of
injecting viable PECA cells.

In order to evaluate the systemic immune effects, spleno-
cytes were harvested from the mice treated by various vaccines.
As shown in Figure 2, PDT-DC vaccination induced an effec-
tive CTL response (approximately 50% cell death) compared to
PDT tumor lysates alone or F/T DC vaccination. FACS of
splenocytes showed that the percentage of CD4" T and CD8"
T cells increased significantly in PDT-DC vaccine group (Fig-
ure 3). Our data suggest that the antitumor activity of PDT-DC
vaccine is mediated by CD4" T and CD8™ T cells.

To get further insight into the systemic antitumor response
of PDT-DC vaccine, we observed cytokines secreted from sple-
nocytes and peripheral blood. As shown in Figure 4, the secre-
tion of IFN-y and IL-12 from both splenocytes and peripheral
blood increased significantly in the PDT-DC vaccine group,
whereas IL-10 decreased slightly. It was reported that the
CD4™" T helper (Th) cells response not only generated naive
CD8" T cells into an effective CTL*® but also activated CD8+
memory T cells to a fully functional tumor killer cell.>* Among
2 predominant Th cell subtypes, Th1 cells are characterized by
the secretion of IFN-y and IL-12,?® while Th2 by secretion of
IL-10.%" Interleukin 10 is known as an immunosuppressive
cytokine.*? Therefore, SCC-specific secretion of IFN-y and
IL-12 in the PDT-DC vaccine immunized mice indicated that
antigen-specific CD4" Th cells were induced, resulting in
generating effective CTL responses against the tumor chal-
lenge. However, the mice immunized with F/T-DC vaccine
induced tumor growth after challenge. It may be due to the fact
that F/T-DCs induce the increases of IL-10.

Since significant effects were observed in the findings
above, we performed further experiments to evaluate the pro-
phylactic effects of PDT-DC vaccine for SCC. The SKH-1
hairless mice were immunized 3 times with a 7-day interval.
No tumors were observed after the mice were challenged with
viable PECA cells, while all mice immunized with F/T-DC
vaccine or PBS experienced tumor growth (Figure 5). There-
fore, it was demonstrated that the PDT-DC vaccine prevented
SCC growth, while the F/T-DC vaccine did not. Interestingly,
tumors were observed 7 days after tumor cells challenge in
PDT-PECA group but regressed and disappeared 14 days after
tumor cells challenge (Figure 5). The result demonstrated that
PDT-PECA induced poor immune effects that could not pre-
vent tumors entirely.

Conclusions

This study confirms that ALA-PDT DC vaccine can induce
systemic antitumor responses to provide protection against
cutaneous SCC in mice. On the basis of these findings, we
suggest that the PDT-DC vaccination may be developed as
an immunotherapy for early-stage SCC.
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