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Abstract

The use of dendritic cell (DC) vaccines as treatment for malignancy is complicated by immune
evasion tactics often employed by carcinomas such as head and neck squamous cell carcinoma
(HNSCC). The present study aims to determine if an immune response can be elicited by
administering a DC vaccine during the premalignant stages of HNSCC, prior to development of
immune escape. Mice treated with the carcinogen 4-nitroquinoline 1-oxide (4NQO) in drinking
water develop premalignant oral lesions that progress to HNSCC. As previous studies
demonstrated that premalignant lesions and HNSCC overexpress common tumor antigens, bone
marrow-derived DCs were pulsed with premalignant lesion lysate (DCpm) and administered to
4ANQO-treated mice exhibiting premalignant lesions. Lesion progression was tracked through
endoscopy, which revealed that DCpm vaccination and control vaccination with dendritic cells
pulsed with normal tongue epithelium lysate (DCnt) significantly decreased lesion burden at 8
weeks. Analysis of lymph node cells revealed that while DCnt vaccination resulted in a rapid
increase in total lymphocyte count, levels of activated conventional CD4" T cells and Th1, Tcl,
Th17, Tc17, and Th2 cells, DCpm vaccination results in a delayed, yet substantial, increase in
these immune effector mechanisms. This suggests that dendritic cell vaccination may have a
beneficial effect on clinical outcome regardless of type of antigenic stimulation. Also, pulsing DCs
with premalignant lysate rather than normal tongue epithelium lysate affects the dendritic cells in
a way that delays the immune effector response upon vaccination of premalignant lesion-bearing
mice.
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Introduction

Head and neck squamous cell carcinoma (HNSCC) is an aggressive malignancy that has had
a 5-year survival rate of around 50% for over 30 years [1, 2]. Developing from oral
keratinizing epithelial cells in a progressive fashion, both premalignant oral lesions and
HNSCC have a high incidence of recurrence. This malignancy has also been consistently
associated with extensive immune manipulation, including upregulation of both
immunosuppressive regulatory T cells and inflammatory cell types [3-8]. The high
incidence of recurrence and systemic immune manipulation are large contributors to the low
survival rate of HNSCC [1, 2, 9].

Dendritic cell vaccination involves the exposure of dendritic cells to tumor-associated
antigens (TAAs) through one of a variety of mechanisms. Primed dendritic cells are then
matured and injected into the recipient with the intention of stimulating the recipient’s own
T cells to specifically target tumor tissue [10]. In the case of HNSCC, however, the patient’s
immune system at the point of initiation of immunotherapy may have been compromised to
the point that it is not capable of mounting a sufficient immune response to vaccination.
While established HNSCC has been shown to be associated with extensive immune
manipulation, during the premalignant stages of progression, levels of activated T cells with
a memory phenotype, including inflammatory Thl, Tc1 and Th17 cells increase [3]. As
such, this time may be optimal for initiation of immunotherapeutic techniques, since the
immune system is already stimulated.

The utilization of this technique during the premalignant stage of HNSCC depends on the
presence of common antigens that are upregulated at both the premalignant and malignant
stages compared to normal tissue. Our lab identified several common TAAs, including
EGFR, RAGE, and MUCL, in mice with 4NQO carcinogen-induced premalignant oral
lesions and HNSCC, as well as in patients [11, 12]. Previous work also revealed that in vitro
sensitization of human PBML with autologous premalignant lesion lysate resulted in
increased IFN-y release from sensitized PBML upon subsequent challenge with autologous
premalignant lesion or HNSCC lysate and increased cytolytic activity of sensitized PBML
against challenge with premalignant lesion or HNSCC cells [11]. This provides the rationale
for the use of premalignant tissue as the source of antigen to stimulate a protective immune
response against the further development of premalignant lesions and HNSCC.

In the current study, mice treated with 4NQO until the development of premalignant oral
lesions were vaccinated with dendritic cells pulsed with either premalignant lesion lysate or
normal tongue epithelium lysate. Three separate vaccinations were administered: the first
was given at the onset of premalignant lesions, the second was given 1 week after the first,
and the final booster was given 7 weeks after the first (Fig S1). To determine immune
response in vaccinated mice over time, mice were sacrificed at two timepoints: an early
timepoint at 4 weeks after the first vaccination and a late timepoint at 8 weeks after the first
vaccination (1 week after the final booster) (Fig S1). Lesion progression as well as immune
response to vaccination was monitored. Somewhat surprisingly, both mice treated with the
premalignant lesion-pulsed dendritic cell vaccine (DCpm) and, to a lesser extent, mice
treated with the normal tongue epithelium lysate-pulsed dendritic cells (DCnt) had an
improved clinical course compared to 4NQO-treated controls. DCnt mice had an early
increase in cervical lymph node cellularity and levels of multiple immune effectors, while
DCpm treated mice had a delayed increase in these same effectors.
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Materials and Methods

Oral HNSCC carcinogenesis

Five mg/ml 4ANQO was administered in the drinking water (diluted to 50 g/ml) of 2 month
old (at start) female C57BL/6 mice (Charles Rivers Laboratory) until development of
premalignant oral lesions (6—8 weeks) or HNSCC (12-16 weeks). Control mice received
propylene glycol diluent control. To monitor development of premalignant oral lesions and
HNSCC, oral cavities of 4ANQO-treated mice were endoscoped weekly using a Stryker
1.9mm x 30° scope and a Stryker 1088 HD camera. Mice were sedated with inhaled
isoflurane (Piramal Healthcare) during the procedure.

Dendritic cell generation, pulsing, and maturation

Cells were collected from C57BL/6 mouse femoral bone marrow and cultured with 1000 U/
ml GM-CSF (R&D Systems) to stimulate the development of dendritic cells. Dendritic cells
were pulsed by 12 hours of incubation with 25 pwg/ml lysate of premalignant lesion-bearing
tissue from 4NQO-treated mice or normal tongue epithelial tissue from control mice.
Tongue epithelium was obtained after incubation of tongue fragments with Dispase 11
(Roche) and lysed through sonication, after which protein concentration was determined by
BCA protein assay (Pierce) per manufacturer’s instructions. Dendritic cells were then
matured by 48 hrs of culture with 10 ng/ml GM-CSF and 0.1 pg/ml LPS (R&D Systems).

Vaccine regimen

Vaccination was by injection of 1x10° bone marrow-derived premalignant lesion lysate- or
normal tongue epithelium lysate-pulsed dendritic cells in 50 .l serum-free medium into the
ventral tongue of 4ANQO-treated mice under inhaled isoflurane sedation (Piramal
Healthcare). 4ANQO-treated controls were injected with 50 pl of saline into the ventral
tongue of 4NQO-treated mice. The first vaccination was given to mice once all 4ANQO-
treated mice were determined through oral cavity endoscopy to exhibit premalignant oral
lesions. A second vaccination was administered 7 days after the first. Some mouse groups
were sacrificed four weeks following the first vaccination. A third vaccination was
administered 7 weeks after the first vaccination for the remaining mice, and these mice were
sacrificed 7 days later. Tongues were harvested, sectioned, and stained with hematoxylin
and eosin for histologic analysis.

Cervical lymph node processing

Cervical lymph nodes were harvested from mice and homogenized via a Stomacher 80
homogenizer (Seward) set on high for 90 sec. Cells were passed through a 40-pm cell
strainer (BD Falcon, San Jose, CA) and rinsed with Hank’s Buffered Saline Solution
(HBSS, Invitrogen) to remove debris. Cell number was determined by counting cells
excluding trypan blue using a hemocytometer.

Flow cytometric analysis of surface markers and Foxp3 expression

All reagents in this section were from BD Bioscience unless otherwise stated. In order to
detect levels of CD8 and CD4 positive cells in relation to Foxp3, ex vivo cervical lymph
node cells in single-cell suspension were washed once in Stain Buffer and resuspended at
1x107 cells/ml. In order to detect expression of MHCII (I-AP for C57/bl6 mice), CD80, and
CD86 on CD11c positive dendritic cells, cultured matured dendritic cells in single-cell
suspension were washed once in Stain Buffer and resuspended at 1x107 cells/ml.
Nonspecific staining of total 1x106 cells was blocked with FBS and anti-CD16/32
monoclonal antibody prior to cell surface staining with the following antibodies: PerCP-
Cy5.5 CD4, FITC CD8a, FITC CD11c, PE CD25, PE I-AP, APC CD69, APC CD80, and
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PE-Cy7 CD86. Intracellular staining for PE-Cy7 Foxp3 was performed after fixation with
Foxp3 Fixation Buffer and permeabilization with Foxp3 Permeabilization Buffer. Extent and
frequency of positively stained cells was visualized using flow cytometry (FACSCanto).

Flow cytometric analysis of cytokine expression

All reagents in this section were from BD Bioscience unless otherwise stated. In order to
detect intracellular cytokines, single-cell suspensions of cervical lymph node cells were
restimulated for 4 hours at 37°C with 50 ng/ml phorbol 12-myristate 12-acetate (PMA), 1
rg/ml ionomycin, and brefelden A solution. Nonspecific staining of total of 1x10° cells was
blocked with FBS and anti-CD16/32 monoclonal antibody prior to cell surface staining with
the following antibodies: PerCP-Cy5.5 CD4 and PE-Cy7 CD8a. Intracellular staining for PE
IL-17A, FITC IFN-y, APC IL-4, APC IL-10 and Alexa Fluor 488 IL-13 (eBioscience) was
performed after fixation/permeabilization with Cytofix/Cytoperm. Extent and frequency of
positively stained cells was visualized using flow cytometry (FACSCanto).

Cytokine bead array

All reagents in this section were from BD Bioscience unless otherwise stated. In order to
detect cytokines released into supernatant, single-cell suspensions of cervical lymph node
cells or dendritic cells were restimulated for 4 hours at 37°C with 50 ng/ml PMA and 1 pg/
ml ionomycin without addition of brefeldin A or cervical lymph node cells were activated
for 3 days in the presence of anti-CD3/anti-CD28 beads. To determine degree of cytokine
release in response to challenge, some lymph node cells were incubated for three days with
25pg/ml of normal tongue epithelium lysate, premalignant epithelium lysate or HNSCC
epithelium lysate in the presence of anti-CD3/anti-CD28 beads. Presence/level of IFN-vy,
IL-17A, IL-4, IL-10, and IL-13 in lymph node cell supernatant and IL-12, IL-6, TNF, IL-10,
IL-1a and IL-1p in dendritic cell supernatant was determined using a mouse cytometric
bead array Th1/Th2/Th17 cytokine kit and cytometric bead array flex sets for individual
cytokines according to the manufacturer’s instructions. Relative amount of each cytokine
was analyzed using FCAP Array software.

Statistical analysis

Results

Data were reported using the mean as a measure of central tendency + standard error of the
mean. To compare one variable condition between groups, the 2-tailed Student’s #test was
used. To evaluate significant differences between lesion numbers for each mouse group, the
Mann-Whitney U Test was used. To evaluate if any significant differences exist between
histologic scores, a chi squared test was used. Significance was reported in the 95%
confidence interval.

DCpm vaccination and, to a lesser extent, DCnt vaccination result in an improved clinical
response compared to 4NQO-treated controls

The ultimate goal of any interventional immunotherapeutic approach is an improvement in
clinical status. To monitor development of lesions in 4ANQO-treated mice, oral cavities were
examined through weekly endoscopy and number of visible lesions was counted. Analysis
of lesion number revealed that DCpm vaccination resulted in a significant decrease in the
number of lesions compared to 4NQO control at 6, 7, and 8 weeks (Fig 1a). DCnt
vaccination resulted in a significant decrease in number of lesions compared to 4NQO
control at 8 weeks only (Fig 1a). Change in lesion size over time was also observed (data not
shown), but data was highly inconsistent, as is somewhat expected in this model, making
proper analysis problematic.
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Mice were sacrificed at 4 and 8 weeks post-vaccination and tongues were harvested,
processed, and random paraffin-embedded sections were analyzed for histologic score
(normal, mild dysplasia, moderate-severe dysplasia, invasive carcinoma). Histologic
analysis revealed a trend (p = 0.11) towards an increase in the overall degree of dysplasia at
4 weeks in mice administered the DCnt vaccine compared to 4NQO-treated controls. Similar
to the results from gross analysis, histologic analysis also revealed a trend (p = 0.33) towards
a decrease in the overall degree of dysplasia at 8 weeks in mice administered either the DCnt
or DCpm vaccine compared to 4NQO-treated controls (Fig 1c). This indicates that DCpm
vaccination may decrease the clinical lesion burden in mice treated with 4NQO, and,
surprisingly, DCnt vaccination also appears to decrease clinical lesion burden, though at a
later timepoint.

DCnt vaccination results in an early increase in lymph node cell count, while DCpm
vaccination results in a delayed increase in lymph node cell count

The development of malignancies is often associated with hyperplasia of draining lymph
nodes, whether due to reactive hyperplasia, metastasis, or both [13]. To determine the degree
of lymph node hyperplasia among the various mouse groups, cervical lymph nodes from
control mice, 4NQO-treated control mice, 4ANQO-treated DCnt mice, and 4NQO-treated
DCpm mice were harvested at 4 and 8 weeks post-first vaccination, and the number of
trypan blue-excluding cells were counted. At 4 weeks post-first vaccination (Fig 2a), DCnt
vaccinated mouse lymph nodes contained significantly more cells than all other groups. At 8
weeks post-first vaccination (Fig 2b), however, DCpm- and DCnt-vaccinated mouse lymph
nodes contained greater numbers of cells compared to control and 4NQO control mouse
lymph nodes. Also at 8 weeks, 4NQO control mouse cervical lymph nodes contained
significantly more cells than control mice (Fig 2b). This indicates that there is a more rapid
response in lymph node cell proliferation after DCnt vaccination compared to DCpm
vaccination. However, the proliferative response to the DCpm vaccine occurs to a great
extent by the later timepoint.

DCnt vaccination results in an early increase in levels of Tconv cells and CD4 Tregs, while
both DCnt and DCpm vaccination result in a decreased percentage of CD4 Tconv cells and
increased absolute number of CD8 Tconv cells and Tregs at 8 weeks compared to 4NQO-
treated controls

Many solid carcinomas have been shown to be associated with local and systemic
immunosuppression [4-6]. This includes downregulation of stimulatory immune cells, such
as CD4* and CD8™ conventional T cells, and upregulation of suppressive immune cells. One
suppressive cell population that is often upregulated as a part of this phenomenon is the
regulatory T cell population, identified by expression of the transcription factor Foxp3 [4-
6]. Our lab had previously shown that locoregional regulatory and conventional T cell
numbers are both increased in mice with HNSCC [3]. To determine the relative composition
of conventional and regulatory T cells in 4ANQO-treated mice administered DC vaccination,
lymph node cells collected at 4 and 8 weeks post-first vaccination were stained for surface
expression of CD4 and CD8 and intracellular expression of Foxp3. Proportions of cells
expressing each marker were determined through flow cytometric analysis (Fig 3a), and
numbers of cells expressing each markers were determined by multiplying the percent
positive by the number of lymph node cells for each individual mouse (Fig 3b). At 4 weeks
post-first vaccination, DCnt mice exhibited an increase in absolute number of Tconv cells
and CD4 Tregs compared to 4NQO-treated controls (Fig 3a and b). At 8 weeks post-first
vaccination, analysis of cell numbers revealed an increase in the absolute number of CD8
Tconv cells and Treg cells in both DCnt and DCpm mouse lymph nodes compared to 4ANQO
controls (Fig 3b). This data indicates that DCnt vaccination may work early on to stimulate
an increase in Tconv and Treg cells. While DCpm mice show no differences from 4NQO
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controls early on, DCpm vaccination appeared to affect a delayed increase in Tconv and
Treg cells at 8 weeks after the initial vaccination.

DCnt vaccinated mice exhibit a decrease in percentage but increase in absolute number of
activated CD4 Tconv cells 4 weeks, while both DCnt and DCpm vaccinated mice exhibit an
increase in absolute number of activated CD8 Tconv cells at 8 weeks compared to 4NQO-
treated controls

An optimal immune response to antigenic stimulation involves the activation of
conventional T cells [14]. To determine the proportions of conventional T cells bearing
markers for activation, CD4*Foxp3~ and CD8"Foxp3~ T lymph node cells were analyzed
for expression of CD25 and CD44. While often used as a marker for regulatory T cells,
CD25 expression on foxp3™~ conventional T cells is expressed within 2—24 hours after
stimulation and persists for a few days after withdrawal of the stimulus. CD44 is a
glycoprotein involved in cell adhesion and migration, and its increased expression is
indicative of T cell activation and memory [15, 16]. Percentages of cells bearing CD25 and
CDA44 were determined by flow cytometric analysis (Fig 4a), and total numbers of cells
bearing these markers were determined by multiplying percent positive by the number of
lymph node cells for each individual mouse (Fig 4b). At 4 weeks post-first vaccination,
DCnt vaccinated mouse lymph nodes were found to have an increased absolute number of
CD25* and CD44N CD4 Tconv cells compared to 4NQO controls (Fig 4b). At 8 weeks post-
first vaccination, both vaccinated groups see a significant increase in number of CD25* and
CD44Ni cD8 Tconv cells compared to 4NQO controls, and DCpm-vaccinated mice also
exhibit an increase in CD44NM CD4 Tconv cells compared to 4NQO controls (Fig 4b). This
data indicates that both DCnt and DCpm vaccination tend to result in an increase in
activated T cells compared to 4NQO treatment alone by 8 weeks post-first vaccination.

DCnt vaccination results in an early increase in Thl and Tcl levels, while both DCnt and
DCpm vaccination result in an increase in Tc1 levels at 8 weeks compared to 4NQO-
treated controls

T cells can be further subdivided based on their expression of certain cytokines that dictate
differing effector functions. Th1 cells (and a smaller subset of CD8* cells known as Tcl
cells) secrete IFN-y and are generally considered as inflammatory. They are traditionally
thought of as beneficial for anti-tumor immunity [17]. However, recent research in our
laboratory has shown that Th1l and Tc1 cells are upregulated in both the premalignant and
malignant stages of HNSCC [3]. To evaluate the populations of Th1l and Tc1 cells in
draining lymph nodes of control, 4NQO control, DCnt, and DCpm mice, lymph node cells
were stained for surface expression of CD4 and CD8 and intracellular expression of the Thl
and Tcl cytokine IFN-vy after 4 hours incubation with PMA, lonomycin and brefeldin A. In
addition, supernatants of lymph node cells incubated for 4 hours in PMA and lonomycin
were analyzed by cytometric bead array for levels of IFN-y. At 4 weeks post-first
vaccination, lymph nodes from DCnt vaccinated mice contain a greater absolute number of
Th1 cells and Tcl cells compared to all other groups (Fig 5b). This is supported by CBA
data showing an increase in IFN-y released into the supernatant of DCnt mouse lymph node
cells compared to all other groups (Fig 5c).

At 8 weeks post-first vaccination, both DCnt and DCpm mouse lymph nodes were found to
contain a greater absolute number of Tcl cells compared to 4NQO controls (Fig 5b).
Analysis of cytokines secreted in response to 4 hour stimulation with PMA and lonomycin
revealed no significant changes in the levels of IFN-y in the supernatant of ex vivo lymph
node cells from vaccinated mice compared to 4NQO controls (Fig 5¢). To determine
cytokine release in response to more extended stimulation, lymph node cells from 8 week
post-first vaccination mice were cultured for 3 days in the presence of anti-CD3/anti-CD28.
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After the three day stimulation, cytometric bead array was used to measure levels of IFN-y
in the supernatant. Cytokine analysis revealed a huge increase in IFN-y levels in the
supernatant of DCpm and DCnt mouse lymph node cells compared to control and 4NQO
control (Fig 5d). This data indicates that DCnt vaccination induces an early increase in Thl
and Tcl cells, but by the later timepoint, both DCnt and DCpm vaccination induce a Tcl-
type reaction.

DCnt vaccination results in an early increase in absolute number of Th17 and Tc17 cells,
while both DCnt and DCpm vaccination result in an increase in absolute number of Th17
and Tc17 cells at 8 weeks compared to 4NQO-treated controls

Th17 cells (and a smaller subset of CD8* cells known as Tc17 cells) secrete IL-17A, among
other cytokines, and induce a greater degree of inflammation compared to Th1 cells. Their
role in antitumor immunity is less clear. They are highly proinflammatory and
proangiogenic, qualities that generally promote tumorigenesis. They are also upregulated in
many different tumor types; however, in some tumor types, like lung cancer and ovarian
cancer, an increased presence of IL-17A and Th17 cells is actually associated with improved
prognosis [18-21]. Recent data from our lab showed that Th17 cells are highly upregulated
in mice bearing premalignant oral lesions, only to decrease in the draining lymph nodes of
HNSCC-bearing mice [3]. To evaluate the populations of Th17 and Tc17 cells in draining
lymph nodes of control, 4ANQO control, DCnt, and DCpm mice, lymph node cells were
stained for surface expression of CD4 and CD8 and intracellular expression of the Th17 and
Tcl7 cytokine IL-17a after 4 hours incubation with PMA, lonomycin and brefeldin A. In
addition, supernatants of lymph node cells incubated for 4 hours in PMA and lonomycin
were analyzed by cytometric bead array for levels of IL-17A. At 4 weeks post-first
vaccination, DCnt mouse lymph nodes have an increased absolute number of Th17 and
Tc17 cells compared to 4NQO controls, corresponding to an increased secretion of 1L-17A
from DCnt lymph node cells compared to 4NQO lymph node cells in response to 4 hour
stimulation (Fig 6b and c).

At 8 weeks post-first vaccination, both DCnt and DCpm mice have an increased absolute
number of Th17 and Tc17 cells compared to control and 4NQO control (Fig 6b). While the
supernatant of ex vivo lymph node cells shows no significant change in IL-17A levels in
vaccinated mice compared to controls (Fig 6c¢), supernatant of DCnt and DCpm mouse
lymph node cells stimulated for 3 days with anti-CD3/anti-CD28 contained much higher
levels of IL-17A compared to controls (Fig 6d). This indicates that vaccination with DCnt
results in an increase in Th17 and Tcl17 cells early on, while vaccination with either DCnt or
DCpm results in an increase in the Th17 and Tc17 response at 8 weeks post-vaccination.

DCpm vaccination results in increased levels of IL-10 at 4 weeks, while both DCnt and
DCpm vaccination results in increased levels of IL-13 at 8 weeks compared to 4NQO-
treated controls

Th2 cells can have inflammatory or anti-inflammatory effects, and they can release multiple
different cytokines, including IL-4, IL-10, and IL-13. These cells have been traditionally
associated with a pro-tumorigenic phenotype. They are often upregulated in cancers,
antagonizing a beneficial Th1 response [22—-25]. However, our lab has shown that levels of
Th2 cytokines remain largely unchanged in the draining lymph nodes of premalignant
lesion-bearing and HNSCC-bearing mice compared to controls [3]. To evaluate the
populations of Th2 cells in draining lymph nodes of control, 4NQO control, DCnt, and
DCpm mice, lymph node cells were stained for surface expression of CD4 and intracellular
expression of the Th2 cytokines IL-4, IL-10, and 1L-13 after 4 hours incubation with PMA,
lonomycin and brefeldin A. In addition, supernatants of lymph node cells incubated for 4
hours in PMA and lonomycin were analyzed by cytometric bead array for levels of IL-4,
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IL-10, and IL-13. At 4 weeks post-first vaccination, DCnt mouse lymph nodes were found to
have an increased absolute number of IL-10 expressing CD4 T cells as well as an increased
level of 1L-13 in supernatant of ex vivo lymph node cells compared to 4NQO control (Fig
7b and c). Also at this timepoint, data shows an increase in IL-10 released into the
supernatant of ex vivo DCpm mouse lymph node cells incubated for 4 hours with PMA and
lonomycin compared to all other groups (Fig 7c).

At 8 weeks post-first vaccination, DCpm mouse lymph nodes were found to contain an
increased number of IL-4-expressing CD4 T cells compared to 4NQO controls (Fig 7b).
Both DCnt and DCpm mouse lymph nodes have an increased absolute number of 1L-13-
expressing CD4 T cells compared to 4NQO control (Fig 7b). Analysis of supernatant of ex
vivo cells stimulated for 4 hours with PMA and lonomycin revealed a significant increase in
IL-13 in both vaccinated groups compared to 4NQO control and control (Fig 7c). Analysis
of supernatant of cells stimulated for 3 days with anti-CD3/anti-CD28 revealed a large
increase in IL-10, IL-13 and IL-4 in supernatant from DCnt and DCpm mouse lymph node
cells compared to control and 4NQO control (Fig 7d). This data indicates that both DCnt
and DCpm vaccination result in an increase in multiple Th2 cytokines, especially 1L-13.

Discussion

The immune reaction to tumor development is a complicated and multifaceted phenomenon.
While the immune system is capable of recognizing and attacking most dysplastic tissues,
some dysplastic tissue is bound to avoid elimination and, given time and the selective
pressure of the immune system, variants arise which have the capacity to escape recognition
and/or manipulate the immune system in ways which further the progression of the
malignancy [26]. This is the case with HNSCC, a cancer that is known to upregulate
immunosuppressive cell populations such as Treg cells and promote smoldering
inflammation through chronic upregulation of inflammatory cell types [3-8]. In this study,
we sought to halt the progression of HNSCC at the premalignant stage through dendritic cell
vaccination, with the rationale that premalignant and HNSCC tissue share common TAAs
and the immune system at the premalignant stage has not yet been compromised by the
advanced immune-manipulative tactics of an established tumor [3, 11, 12]. Unexpectedly,
both DCpm vaccination and DCnt vaccination, though to a lesser extent, resulted in a
decrease in lesion burden compared to 4NQO treatment alone. Also, evaluation of lymph
node cells from DCpm vaccinated mice for response to a 3 day challenge with premalignant
or HNSCC lysate showed that a specific response was not being generated (Fig S3).
Analysis of the ex vivo immune response in vaccinated mice, as summarized in Table 1,
revealed an early increase in draining lymph node cell number and levels of stimulatory
immune effectors, including activated CD4 Tconv cells, CD8 Tconv cells, Thl, Tcl, Thl7,
and Tc17 cells, for DCnt mice, while the immune response in DCpm mice at 4 weeks
mirrored that of 4ANQO control mice. At the later timepoint, when both vaccinated groups
appear to provide beneficial clinical effects, both DCnt and DCpm mouse lymph nodes have
a greater number of cells, consisting of immunostimulatory cells such as activated CTLs,
Tcl, Thl7 and Tcl7 cells, and, to a lesser extent, immunosuppressive Tregs and Th2 cells.
These data indicate that DC vaccination, regardless of whether the DCs were pulsed with
normal tongue or premalignant antigens, provides a non-specific but substantial immune
stimulatory response and may be clinically beneficial.

This study presents the evaluation of immune response in the draining cervical lymph nodes
of vaccinated and unvaccinated 4NQO-treated mice. This method of evaluation was used
because the immune response to tumor is likely to be orchestrated in draining lymph nodes
and because tongue epithelium was determined to contain very low numbers of T cells.
However, immune response to treatment and to tumor development involves not only loco-
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regional responses, but also a myriad of changes in cellular localization of immune
populations following activation. As such, it will be important to investigate immune
populations present in tongue epithelium and in the periphery to fully determine the
response to vaccination and tumor development.

Evaluation of dendritic cell maturation markers and cytokines revealed no differences
between the dendritic cells pulsed with premalignant lesion lysate and the dendritic cells
pulsed with normal tongue epithelium lysate (Fig S2). Investigation into response to
premalignant lysate or HNSCC lysate challenge showed no indications of specificity of
reaction of DCpm mouse lymph node cells or DCnt mouse lymph node cells (Fig S3).
However, DCnt vaccination clearly elicited a more immediate response compared to DCpm
vaccination, though this did not correlate with a stronger clinical response compared to
DCpm mice. DCpm vaccination, on the other hand, resulted in very little in the way of an
immediate reaction. At the later timepoint, however, both DCnt and DCpm vaccination
resulted in increased immune stimulation and improved clinical response. Additional
research into what delineates the different responses to these two vaccinations is necessary
to determine why the DCpm vaccination promotes a delayed response compared to the
immediate response to the DCnt vaccine.

Part of the rationale for using premalignant lesion lysate as the source of antigen to stimulate
a specific /n vivoresponse to premalignant and malignant tissue involved the over-
expression of multiple common TAAs in both premalignant and HNSCC tissue [11, 12].
However, as determined in the current study, pulsing DCs with premalignant antigen did not
result in the development of a specific response of lymph node cells from vaccinated mice to
premalignant or HNSCC antigens, and both DCnt vaccination and DCpm vaccination
resulted in a similar clinical response. To evaluate if the clinical response seen with DCnt
and DCpm vaccination is a result of administering activated dendritic cells regardless of
pulsing with lysate, another control group was vaccinated with unpulsed, activated DCs.
Like both the DCnt and DCpm-vaccinated groups, there was no specific response of DC-
vaccinated mouse lymph node cells to either premalignant or HNSCC challenge (data not
shown). Also, while DC-vaccinated mice did have a clinically significant decrease in lesion
burden, there was no difference in lesion burden between the DC-vaccinated and DCnt- or
DCpm-vaccinated groups (data not shown). Therefore, it is likely that the clinical benefit
seen is solely due to an increase in numbers of activated DCs. It is possible that in using
tissue lysate as an antigen source, the extraneous components of the lysate prevented
sufficient stimulation of cells with the intended premalignant and HNSCC tissue-associated
TAAs. Future experimentation into vaccination of mice with specific TAA-pulsed DCs may
lead to the development of an immunotherapy providing a specific immune response with
improved clinical benefit.

HNSCC is an aggressive malignancy that has a complicated relationship with the immune
system. The development of immunotherapeutic strategies to combat this cancer is highly
important to increasing the poor survival rate of patients with HNSCC. While the dendritic
cell vaccination described in this study reduced lesion burden by only a small amount, the
immune system interactions described help to advance our understanding of the functions of
various immune cell subtypes during the development of HNSCC. Further investigation into
the intricacies of the tumor-immune system relationship will allow for more efficient
development of treatments that have a better chance of being effective in the future.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. DCpm vaccination and DCnt vaccination result in an improved clinical response

compared to 4ANQO-treated controls

Number of visible lesions (a) as determined by weekly endoscopy of oral cavities of 4ANQO-
treated mice administered dendritic cells pulsed with normal tongue epithelium lysate
(DCnt), dendritic cells pulsed with premalignant lesion lysate (DCpm), or saline (4NQO Ctl)
with at least 15 mice per groups. Data represent mean = SEM. *, p< 0.05. **, p< 0.01. ***,
p<0.001 (Mann-Whitney U'test). At 4 weeks and 8 weeks post-first vaccination, 4ANQO
Ctl, DCnt and DCpm mice were sacrificed and tongues were harvested, sectioned, and
random sections were stained with hematoxylin and eosin for histopathologic analysis (b)
with tongues from at least 11 mice per group. Data represent percentage, and statistical
significance was determined by chi squared test. Four weeks post-vaccination: n = 15 mice
per group; df = 6; XZ =10.12; p=0.11. Eight weeks post-vaccination: n = at least 13 mice
per group; df = 6; x2 = 6.90; p=0.33.
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Fig 2. DCnt vaccination results in an early increase in lymph node cellularity, while DCpm
vaccination results in a delayed increase in lymph node cellularity

At 4 weeks and 8 weeks post-first vaccination, control mice, 4NQO-treated control mice
(4NQO Ctl), DCnt-vaccinated mice (DCnt) and DCpm-vaccinated mice (DCpm) were
sacrificed and cervical lymph nodes were harvested and processed to single-cell
suspensions, and trypan-blue excluding cells were counted with at least 5 mice per group.
Data represent mean £ SEM of cell number at 4 weeks post-first vaccination (a) and 8 weeks
post-first vaccination (b). *, p< 0.05. **, p< 0.01. ***, p<0.001 (2-tailed Student’s £test).

Int Immunopharmacol. Author manuscript; available in PMC 2013 July 01.



1duosnuey JoyIny vd-HIN 1duosnuey JoyIny vd-HIN

1duosnuey JoyIny vd-HIN

De Costa et al.

Page 15
b. "gso - 0 Control

3 50 - daNQo ctl

) . EDCnt N

3 40 i~ HDCpm )

o - -

4 WEEKS BWEEKS 4 WEEKS 8 WEEKS 030 -
a. | of T 2% i > i

“ B « 520
Control, i || g . @@ i 8
1 33.25 %“2501 1 28,51 ‘“1912 a 10
T ) - T T T S
{ 612)-, 2845 | 045 037 O o
P *

el el 4Weeks 8Weeks 4 Weeks 8 Weeks

ango !
ctl .

iﬁ 1911

CD4*Foxp3- CD8*Foxp3-

238]+{

Foxp3

= 8

S 7 O Control

2. - ©4NQO Ctl

i) c re o B DCnt

8 . EDCpm

g

£3 -
T 2 2 .

o4 o8 €1 ;i

e

O 0 mass

*

4 Weeks 8Weeks 4Weeks 8 Weeks
CD4*Foxp3* CD8*Foxp3*

Fig 3. DCnt vaccination results in an increase in levels of Tconv cells and CD4 Tregs at 4 weeks,
while both DCnt and DCpm vaccination result in a decreased percentage of CD4 Tconv cells and
increased absolute number of CD8 Tconv cells and Tregs at 8 weeks compared to 4ANQO-treated
controls

Representative results (a) of flow cytometric staining of cervical lymph node cells from
control, 4ANQO-treated control (4NQO Ctl), DCnt-vaccinated (DCnt) and DCpm-vaccinated
(DCpm) mice at 4 and 8 weeks post-first vaccination with at least 5 mice per group. Total
numbers of populations (b) were determined by multiplying the percent positive by the
number of cervical lymph node cells for each individual mouse. Data represent mean +
SEM. *, p<0.05. **, p<0.01. *** p<0.001 (2-tailed Student’s #test). Results for absolute
numbers of CD8*Foxp3* cells at 4 weeks (Ctl: 2.55 x 10% + 6.65 x 103; 4ANQO Ctl: 2.06 x
10* + 7.83 x 103; DCnt: 2.34 x 104 + 3.08 x 103; DCpm: 2.00 x 10% + 7.21 x 103).
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Fig 4. DCnt vaccinated mice exhibit a decrease in percentage but increase in absolute number of
activated CD4 Tconv cells 4 weeks, while both DCnt and DCpm vaccinated mice exhibit an
increase in absolute number of activated CD8 Tconv cells at 8 weeks compared to 4ANQO-treated
controls

Representative results (a) of flow cytometric staining of cervical lymph node cells from
control, 4ANQO-treated control (4NQO Ctl), DCnt-vaccinated (DCnt) and DCpm-vaccinated
(DCpm) mice at 4 and 8 weeks post-first vaccination with at least 5 mice per group. Total
numbers of populations (b) were determined by multiplying the percent positive by the
number of cervical lymph node cells for each individual mouse. Data represent mean +
SEM. *, p<0.05. **, p<0.01. ***, p<0.001 (2-tailed Student’s #test). Results for absolute
number of CD8*Foxp3~ CD25* cells at 4 weeks (Ctl: 3.95 x 103 + 1.15 x 103; 4NQO Ctl:
5.21 x 103 + 1.97 x 103; DCnt: 6.01 x 103 + 4.34 x 10%; DCpm: 5.01 x 103 + 1.93 x 103).
Results for absolute number of CD8*Foxp3~ CD25" cells at 8 weeks (Ctl: 6.81 x 103 + 1.74
x 103; 4NQO Ctl: 1.78 x 10* + 4.54 x 103; DCnt: 3.78 x 10 + 8.92 x 103; DCpm: 3.66 x
10* + 6.05 x 103).
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Fig 5. DCnt vaccination results in an increase in Thl and Tcl levels at 4 weeks, while both DCnt
and DCpm vaccination result in an increase in Tcl levels at 8 weeks compared to 4NQO-treated
controls

Representative results (a) of flow cytometric staining of cervical lymph node cells from
control, 4NQO-treated control (4NQO Ctl), DCnt-vaccinated (DCnt) and DCpm-vaccinated
(DCpm) mice at 4 and 8 weeks post-first vaccination with at least 5 mice per group. Total
numbers of populations (b) were determined by multiplying the percent positive by the
number of cervical lymph node cells for each individual mouse. Data represent mean +
SEM. *, p< 0.05. **, p<0.01. ***, p<0.001 (2-tailed Student’s #test). Cytometric bead
array analysis (c) of supernatant of 4 week and 8 week control, 4NQO Ctl, DCnt, and DCpm
mouse cervical lymph node cells after stimulation for four hours with PMA and ionomycin,
with at least 5 mice per group. Data represent mean + SEM. *, p< 0.05. **, p< 0.01. ***, p
< 0.001 (2-tailed Student’s #test). Cytometric bead array analysis (d) of supernatant of 8
week control, 4NQO Ctl, DCnt, and DCpm mouse cervical lymph node cells after 3 day
stimulation with anti-CD3/anti-CD28 beads with at least 4 mice per group. Data represent
mean £ SEM. *, p< 0.05 (2-tailed Student’s £test). Results for pg/ml of IFN-+y released
after 3 day stimulation (Ctl: 4.73 + 1.31; 4NQO Ctl: 11.85 + 2.53; DCnt; 1095.05 + 452.47;
DCpm: 864.98 + 274.21).
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Fig 6. DCnt vaccination results in an increase in absolute number of Th17 and Tc17 cells at 4
weeks, while both DCnt and DCpm vaccination result in an increase in absolute number of Th17
and Tcl7 cells at 8 weeks compared to 4ANQO-treated controls

Representative results (a) of flow cytometric staining of cervical lymph node cells from
control, 4NQO-treated control (4NQO Ctl), DCnt-vaccinated (DCnt) and DCpm-vaccinated
(DCpm) mice at 4 and 8 weeks post-first vaccination with at least 5 mice per group. Total
numbers of populations (b) were determined by multiplying the percent positive by the
number of cervical lymph node cells for each individual mouse. Data represent mean +
SEM. *, p<0.05. **, p<0.01. ***, p<0.001 (2-tailed Student’s ~test). Results for absolute
number of CD8*IL-17A" cells at 4 weeks (Ctl: 3.20 x 103 + 9.96 x 10%; 4NQO Ctl: 1.21 x
103 + 1.75 x 10%; DCnt: 2.38 x 103 + 2.82 x 102; DCpm: 1.29 x 103 + 4.90 x 102).
Cytometric bead array analysis (c) of supernatant of 4 week and 8 week control, 4NQO Ctl,
DCnt, and DCpm mouse cervical lymph node cells after stimulation for four hours with
PMA and ionomycin, with at least 5 mice per group. Data represent mean + SEM. *, p<
0.05. **, p<0.01. *** p<0.001 (2-tailed Student’s £test). Cytometric bead array analysis
(d) of supernatant of 8 week control, 4NQO Ctl, DCnt, and DCpm mouse cervical lymph
node cells after 3 day stimulation with anti-CD3/anti-CD28 beads with at least 4 mice per
group. Data represent mean + SEM. *, p< 0.05 (2-tailed Student’s #test). Results for pg/ml
of IL-17A released after 3 day stimulation (Ctl: 3.06 + 1.06; 4NQO Ctl: 4.07 + 1.38; DCnt:
1026.99 + 430.89; DCpm: 1210.87 + 471.49).
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Fig 7. DCpm vaccination results in increased levels of 1L-10 at 4 weeks, while both DCnt and
DCpm vaccination results in increased levels of I1L-13 at 8 weeks compared to 4ANQO-treated
controls

Representative results (a) of flow cytometric staining of cervical lymph node cells from
control, 4ANQO-treated control (4NQO Ctl), DCnt-vaccinated (DCnt) and DCpm-vaccinated
(DCpm) mice at 4 and 8 weeks post-first vaccination with at least 5 mice per group. Total
numbers of populations (b) were determined by multiplying the percent positive by the
number of cervical lymph node cells for each individual mouse. Data represent mean +
SEM. *, p<0.05. **, p<0.01. *** p<0.001 (2-tailed Student’s #test). Cytometric bead
array analysis (c) of supernatant of 4 week and 8 week control, 4NQO Ctl, DCnt, and DCpm
mouse cervical lymph node cells after stimulation for four hours with PMA and ionomycin,
with at least 5 mice per group. Data represent mean + SEM. *, p< 0.05. **, p<0.01. *** p
< 0.001 (2-tailed Student’s #test). Cytometric bead array analysis (d) of supernatant of 8
week control, 4ANQO Ctl, DCnt, and DCpm mouse cervical lymph node cells after 3 day
stimulation with anti-CD3/anti-CD28 beads with at least 4 mice per group. Data represent
mean + SEM. *, p< 0.05 (2-tailed Student’s #test). Results for pg/ml of 1L-4 released after
3 day stimulation (Ctl: 2.59 + 0.45; 4ANQO Ctl: 2.50 £ 0.36; DCnt: 12.22 + 2.04; DCpm:
11.67 £ 1.90). Results for pg/ml of IL-10 released after 3 day stimulation (Ctl: 11.52 + 5.60;
4ANQO Ctl: 10.13 + 2.99; DCnt: 550.06 + 191.82; DCpm: 479.50 + 107.11). Results for pg/
ml of IL-13 released after 3 day stimulation (Ctl: 0.00 £ 0.00; 4NQO Ctl: 0.00 + 0.00; DCnt:
333.04 + 106.89; DCpm: 550.70 + 171.80).
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