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Abstract: Head and neck squamous cell carcinoma (HNSCC) is marked by
immunosuppression, a state in which the established tumor escapes immune attack. However,
the impact of the premalignant and tumor microenvironments on immune reactivity has yet to
be elucidated. The purpose of this study was to determine how soluble mediators from cells
established from carcinogen-induced oral premalignant lesions and HNSCC modulate immune
cell cytokine production. It was found that premalignant cells secrete significantly increased
levels of G-CSF, RANTES, MCP-1, and PGE2 compared to HNSCC cells. Splenocytes
incubated with premalignant supernatant secreted significantly increased levels of Th1-, Th2-,
and Th17-associated cytokines compared to splenocytes incubated with HNSCC supernatant.
These studies demonstrate that whereas the premalignant microenvironment elicits
proinflammatory cytokine production, the tumor microenvironment is significantly less
immune stimulatory and may contribute to immunosuppression in established HNSCC.
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1. Introduction
Head and neck squamous cell carcinoma (HNSCC) accounts for over 90% of all head and neck
cancers, with approximately 650,000 cases diagnosed each year worldwide [1,2]. Because of the
aggressive nature of the disease, the five-year survival rate remains around 50%, despite some
advances in treatment over that last 30 years. HNSCC patients are characterized by systemic
immunosuppression, exhibiting increased populations of regulatory T cells and CD34+ progenitor
cells, which suppress CD8+ T cell- and CD4+ helper T cell-mediated immunity at the primary tumor
site and are associated with a poorer prognosis [3–6]. It is well defined that established HNSCC is
associated with increased levels of suppressive immune cells [6,7], but how the tumor directly
modulates the immune response is less clear.
A significant complication of understanding how the tumor contributes to immunosuppression
is the complex network of tumor cells, fibroblasts, carcinoma-associated fibroblasts (CAFs),
smooth muscle cells, endothelial cells, and tumor-infiltrating immune populations including
tumor-associated macrophages, B cells, T cells and antigen-presenting cells that make up the tumor
microenvironment [8–10]. Some of the mechanisms by which HNSCC tumors evade host immune
recognition, including down-regulating MHC class I/II and costimulatory molecules and
upregulating FasL and PD-L1, have been defined [11–15]. One of the major mechanisms by which
HNSCC tumors are thought to evade host immune recognition is by modulating the cytokine
environment at the tumor site. By secreting cytokines such as IL-6 and IL-10, HNSCC tumor cells
promote a Th2-skewed response, which is associated with decreased antitumor efficacy [10,16].
This Th2-skewing is also evident systemically, as PBMCs isolated from advanced HNSCC patients
secrete abnormally high levels of Th2 cytokines [17,18]. Along with Th2-skewed cytokines,
HNSCC tumors secrete increased levels of immunosuppressive factors such as TGF-β that function
to directly inhibit cytotoxic T cell-mediated immunity and recruit immunosuppressive cells, including
myeloid-derived suppressor cells (MDSCs) and M2-skewed macrophages, to the tumor site [19,20].
Once at the tumor site, HNSCC tumor cells harness these immunosuppressive cells for several tumorpromoting functions, including increased growth and angiogenesis. HNSCC cells trigger increased
IL-6 production from CD34+ progenitor cells, for example, promoting angiogenesis in the tumor
microenvironment [21]. HNSCC tumors also secrete factors that are typically associated with a
proinflammatory response, harnessing these immune modulators to favor growth, angiogenesis and
paradoxically, immune escape. GM-CSF and PGE2, factors that have traditional proinflammatory
roles that support the differentiation of macrophages and neutrophils in the early stages of
inflammation, are produced by the HNSCC tumors to favor growth, angiogenesis, and paradoxically,
immune escape. [22]. Tumor-secreted GM-CSF has been shown to promote MDSC recruitment and
differentiation, and high levels of GM-CSF in HNSCC patients are associated with a poorer
prognosis [5,23]. Increased levels of PGE2 are associated with invasion and angiogenesis in aggressive
early-stage tumors [24]. Other factors secreted by HNSCC tumors, including monocyte chemotactic
protein 1 (MCP-1), have been shown to contribute to immunosuppression at the tumor site by
recruiting a population of IL-10 and TGF-β-secreting M2 skewed tumor-associated macrophages [25].
By secreting a host of immune modulators, HNSCC tumors thwart an effective immune response,
presenting a significant challenge for treatment.
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A critical gap that remains in head and neck cancer research is how the immune response evolves
from premalignancy to the established tumor state. Studies using the 4-nitroquinoline 1-oxide (4-NQO)
mouse model of oral carcinogenesis offer some insight into the immune changes that take place during
the development of HNSCC. This model is based on the carcinogenic effects of 4-NQO, which mimic
the effects of tobacco, a major risk factor for HNSCC [26,27]. Although HNSCC-bearing mice are
characterized by an increase in conventional CD4+ and CD8+ T cells in tumor-draining lymph nodes
compared to premalignant-bearing and control mice, these cells exhibit functional deficits and have
significantly decreased proliferative capacity [28]. In contrast, the premalignant state is characterized
by a significantly increased population of conventional T cells bearing markers for activation, memory,
and exhaustion compared to HNSCC-bearing mice, indicating that an active immune response is
taking place in the preneoplastic stage and that this response is thwarted once the tumor becomes
established. In the 4-NQO mouse model, the premalignant state is also characterized by a significant
increase in IL-17A-secreting Th17 cells in tumor-draining lymph nodes compared to HNSCC-bearing
mice [28]. Taken together, these data suggest that while the premalignant environment supports a
proinflammatory immune response, the established tumor state does not.
The focus of the present study is to determine how the premalignant microenvironment differs from
the tumor microenvironment, and how this might be modulating the immune response during oral
carcinogenesis. To address this question, premalignant lesion and HNSCC cell lines, respectively,
were established from the 4-NQO mouse model of oral carcinogenesis and supernatant was collected
for cytokine/chemokine/prostaglandin analysis. The effect of premalignant lesion cell and HNSCC cell
supernatant on immune cell cytokine production was analyzed by culture with splenocytes harvested
from control C57/BL6 mice and cytokine/chemokine analysis of collected supernatant. Splenocytes
were chosen for this study because total cell numbers harvested from cervical lymph nodes of control
C57/BL6 mice were not sufficient for measurement of detectable cytokine/chemokine levels. Based on
previous studies using the 4-NQO model, it was hypothesized that premalignant lesion cells would
secrete increased levels of proinflammatory mediators compared to HNSCC tumor cells, which would
lead to an increased production of proinflammatory cytokines by splenocytes cultured with premalignant
supernatant compared to HNSCC supernatant. The current study verifies that premalignant lesion cells
secrete an increased level of several proinflammatory mediators, including G-CSF and PGE2, compared to
HNSCC cells in vitro. When cultured with splenoctyes, premalignant lesion cell supernatant elicits a
significant proinflammatory response, stimulating the production of Th1-, Th2-, and Th17-associated
cytokines, whereas HNSCC supernatant is significantly less immune stimulatory.
2. Results and Discussion
2.1. Premalignant Lesion Cells Release Significantly Increased Levels of Pro-Inflammatory Mediators
Compared to HNSCC Cells in Vitro
In HNSCC, the tumor microenvironment is shaped, in part, by the cytokine profile of the tumor
cells themselves. Previous studies have shown that a panel of proinflammatory cytokines, including
IL-1α, IL-6, and GM-CSF, are secreted from both murine and human SCC cell lines and freshly
isolated primary HNSCC tumors [22,29,30]. The profile of proinflammatory mediators released by
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premalignant lesion cells—and how this compares to HNSCC cells—has not been extensively
investigated. To address this question, premalignant lesion and HNSCC cell lines were established
from the 4-NQO mouse model of oral carcinogenesis and supernatant was collected for
cytokine/chemokine/prostaglandin analysis.
Although the level of GM-CSF secreted from premalignant lesion cells and HNSCC cells was not
significantly different (Figure 1), it was found that premalignant lesion cells release a significantly
higher level of G-CSF than HNSCC cells (over 20-fold) in vitro (Figure 1). In addition, premalignant
cells release a significantly increased level of the Th1-associated chemokine RANTES compared to
HNSCC cells (10-fold) (Figure 1). Furthermore, the level of PGE2 secreted by premalignant cells,
about 2,500 pg/mL, was over 4-fold the level secreted by HNSCC cells in vitro (Figure 1). The levels
of other tumor-secreted cytokines/chemokines, including IL-1α, IL-6, IL-10, and TNF were negligible
and/or did not significantly differ between premalignant and HNSCC supernatants (all data not
shown). Taken together, these data suggest that the premalignant lesion microenvironment differs from
the HNSCC microenvironment and that significant immune-modulating changes in the chemokine and
prostaglandin environment are occurring earlier in the progression of HNSCC.
Figure 1. Premalignant lesion cells release significantly increased levels of pro-inflammatory
mediators compared to HNSCC cells in vitro. Cells were grown to confluency and
supernatant was collected after 48 h for cytokine/chemokine analysis. Data shown represent
three independent experiments performed in duplicate. * p < 0.05 ** p < 0.01 *** p < 0.001
**** p < 0.0001.

2.2. Splenocytes Cultured with Premalignant Supernatant Secrete Significantly Increased Levels of
Innate Proinflammatory Mediators Compared to Splenocytes Cultured with HNSCC Supernatant
To investigate how factors produced by premalignant lesion and HNSCC tumor cells, respectively,
might be modulating cytokine/chemokine release from immune cells, splenocytes were cultured with
premalignant or HNSCC cell-conditioned media, and supernatant was collected for cytokine/chemokine
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analysis. Previous studies using the 4-NQO model have shown that cervical lymph node cells from
both premalignant and HNSCC-bearing mice release an increased amount of Th1/Tc1-associated
chemokines (RANTES, MIP-1α, MIP-1β) upon stimulation compared to control, suggesting that immune
cells in premalignant lesion and tumor-draining lymph nodes are more activated/pro-inflammatory
than the control state [28]. Because our preliminary studies have shown that premalignant lesion cells
produce significantly increased levels of proinflammatory mediators compared to HNSCC cells, we
hypothesized that premalignant supernatant would elicit increased production of proinflammatory
chemokines compared to HNSCC supernatant.
As shown in Figure 2, the levels of proinflammatory IL-1α and Th1-associated RANTES secreted
by splenocytes in the presence of premalignant supernatant were significantly increased compared to
levels secreted by spleen cells that were incubated with HNSCC supernatant or media alone, with and
without stimulation with PMA/ionomycin. The level of IL-1α secreted by splenocytes in premalignant
supernatant increased from about 40-fold/control to almost 70-fold/control after stimulation, whereas
the level of RANTES secreted by splenocytes was about 12-fold/control with and without stimulation,
respectively, in vitro. There were no significant differences in the levels of MIP-1α and MIP-1β secreted by
splenocytes in the presence of premalignant and HNSCC supernatant, respectively, compared to control
(data not shown).
Figure 2. Splenocytes cultured with premalignant supernatant release significantly increased
levels of innate proinflammatory mediators compared to splenocytes cultured with HNSCC
supernatant or media alone. Splenocytes were incubated with media, premalignant
cell-conditioned supernatant, or HNSCC cell-conditioned supernatant, respectively, and
supernatant was collected for cytokine/chemokine analysis after 72 h. Data shown represent
3 independent experiments performed in duplicate. * p < 0.05 ** p < 0.01.

In addition to stimulating increased production of IL-1α and RANTES, premalignant supernatant
elicited increased production of the granulocyte/macrophage-associated chemokines MIG, G-CSF and
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GM-CSF from splenocytes compared to HNSCC supernatant or media alone, with and without
stimulation. The amount of MIG secreted by splenocytes in the presence of premalignant supernatant
was about 15-fold the level secreted by splenocytes in the presence of HNSCC supernatant or media
alone, with and without stimulation. Similarly, the level of G-CSF secreted by splenocytes in the
presence of premalignant supernatant was over 275-fold the level secreted by splenocytes in the
presence of HNSCC supernatant or media alone. The level of GM-CSF secreted by splenocytes in the
presence of premalignant supernatant was 88-fold/control, increasing to about 140-fold/control after
stimulation in vitro, whereas the level secreted by splenocytes in the presence of HNSCC supernatant
was 2-fold/control, increasing to only 3-fold/control after stimulation.
These data suggest that while the premalignant microenvironment stimulates a significant
proinflammatory innate response, the HNSCC microenvironment is significantly less immune stimulatory
and may be a key mechanism by which the HNSCC tumor escapes an effective immune response.
2.3. Splenocytes Cultured with Premalignant Supernatant Secrete Significantly Increased Levels of Th1-,
Th2-, and Th17-Associated Cytokines Compared to Splenocytes Cultured with HNSCC Supernatant
Previous studies have shown that factors in the HNSCC tumor microenvironment, including IL-6,
IL-10 and PGE2, modulate the activity of infiltrating lymphocytes. Tumor-infiltrating T cells exhibit a
number of functional defects, including decreased proliferation in response to IL-2, decreased
expression of the CD3 zeta chain, and an imbalanced cytokine profile, marked by significantly
decreased IL-2 and IFN-γ secretion, suggesting a less activated phenotype [31,32]. However, the effect
of the tumor microenvironment on immune cell cytokine production is not so straightforward. Studies
based on the 4-NQO model have shown that cervical lymph node cells from both premalignant and
HNSCC-bearing mice secreted significantly increased levels of the Th1/Tc1-associated cytokines IL-2
and IFN-γ compared to control, suggesting that the tumor-draining lymph nodes of both premalignant
and HNSCC mice promote inflammatory cytokine production [28]. To investigate how factors
produced by premalignant lesion and HNSCC cells, respectively, might be altering cytokine production
by immune cells/T cells, splenocytes were cultured with premalignant or HNSCC-conditioned media
and supernatant was collected for cytokine analysis.
As shown in Figure 3 (below), we found that the level of IL-2 secreted by splenocytes cultured with
premalignant supernatant was significantly higher (20-fold/control) than splenoctyes cultured with
HNSCC supernatant (3-fold/control), after stimulation in vitro. Similarly, the levels of Th1-associated
IFN-γ and TNF were significantly higher (over 60-fold/control and 20-fold/control, respectively) in the
supernatant of splenocytes cultured with premalignant lesion cell supernatant compared to HNSCC
cell supernatant (about 4-fold/control and 2-fold/control, respectively), without stimulation. The levels
of IFN-γ and TNF increased to over 100-fold/control and 37-fold/control, respectively, after
stimulation in the presence of premalignant supernatant. This suggests that the premalignant
microenvironment supports a Th1-type response, whereas the tumor microenvironment does not.
Previous studies using the 4-NQO mouse model of oral carcinogenesis have shown that the percentage
and absolute number of IL-17A-secreting Th17 cells are significantly increased in the tumor-draining
lymph nodes of premalignant mice compared to HNSCC-bearing and control mice [28]. To investigate
how the premalignant and HNSCC microenvironment might be modulating IL-17A secretion from
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tumor-infiltrating immune cells, control splenocytes were cultured with premalignant or HNSCC
supernatant, respectively, and supernatant was collected for cytokine analysis. Splenocytes cultured
with premalignant supernatant secreted significantly higher levels of IL-17A (78-fold/control) than
splenocytes cultured with HNSCC supernatant (1.2-fold/control), even without re-stimulation. After
stimulation with PMA/ionomycin, the amount of IL-17A secreted by splenocytes in the presence of
premalignant supernatant increased to over 120-fold/control, whereas the amount of IL-17A released
in the presence of HNSCC supernatant increased only slightly to 1.4-fold/control. This suggests that
while the premalignant microenvironment elicits a significant Th17-type response, the HNSCC
microenvironment does not.
Figure 3. Splenocytes cultured with premalignant supernatant secrete significantly
increased levels of Th1-, Th2-, and Th17-associated cytokines upon stimulation compared
to splenocytes cultured with HNSCC supernatant or media alone. Splenocytes were incubated
with media, premalignant cell-conditioned supernatant, or HNSCC cell-conditioned supernatant,
respectively, and supernatant was collected for cytokine analysis after 72 h. Data shown
represent 3 independent experiments performed in duplicate. * p < 0.05, ** p < 0.01,
*** p < 0.001, **** p < 0.0001.

Although previous studies have shown that the tumor microenvironment is Th2-skewed, we found
that HNSCC supernatant does not directly elicit a significant Th2-type response in vitro. The levels of
Th2-associated IL-4 and IL-6 secreted by splenocytes cultured with premalignant lesion cell
supernatant were significantly higher than splenocytes cultured with HNSCC cell supernatant or media
alone. Before stimulation, the levels of IL-4 and IL-6 secreted by splenocytes in the presence of
premalignant supernatant were approximately 2-fold/control and over 150-fold/control, respectively.
After stimulation in vitro, these levels rose to over 4-fold/control for IL-4 and decreased slightly to
130-fold/control for IL-6. The level of IL-10, also associated with a Th2-type immune response, was
significantly increased in the supernatant of splenocytes cultured with premalignant lesion cell
supernatant (about 165-fold/control) compared to HNSCC cell supernatant (4-fold/control), after
stimulation. Overall, these data suggest that premalignant lesion supernatant elicits a significant Th1-, Th2-,
and Th17-associated response, whereas HNSCC supernatant is significantly less immune stimulatory.
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3. Experimental
3.1. Oral HNSCC Carcinogenesis
Five mg/mL 4-NQO in propylene glycol stock was administered in the drinking water (at a final
concentration of 50 μg/mL) of 2-month-old female C57BL/6 mice (Charles Rivers Laboratory,
Wilmington, MA, USA) until the development of premalignant oral lesions (6–8 weeks) or HNSCC
(12–16 weeks). To monitor lesion development, mice were endoscoped weekly using a Stryker
1.9 mm × 30 scope and a Stryker 1088 camera (Stryker, Kalamazoo, MI, USA). During the procedure,
mice were sedated with inhaled isoflurane (Piramal Healthcare, Bethlehem, PA, USA).
3.2. Premalignant Lesion and HNSCC Cell Lines
Primary cell lines were established by excising the tongues of premalignant or HNSCC-bearing mice at
the appropriate stage, as defined through histopathological analysis by the oral pathology section in the
Center for Oral Health Research at the Medical University of South Carolina. Premalignant lesion cells or
HNSCC carcinoma cells, respectively, were extracted from the tongues and cultured in 75 cm2 flasks in
DMEM media supplemented with 10% FBS and penicillin/streptomycin/amphotericin B at 37 °C. To
establish cell lines, premalignant lesion cells or HNSCC tumor cells, respectively, were washed several
times with PBS over 72 h. Remaining lesion or carcinoma cells, respectively, were removed and
transferred to a fresh 75 cm2 flask in 10% DMEM media for culture at 37 °C for several weeks. After
cell lines were established, supernatant was collected after 48 h of culture (when cells reached
confluence) for cytokine analysis. Prior to defining cells as premalignant or HNSCC, their epithelial
phenotype was confirmed as well as uniformity of their microscopic and growth characteristics.
3.3. Spleen Processing
Spleens were harvested from control C57BL/6 mice and homogenized using a glass homogenizer.
Cells were passed through a 40-μm cell strainer (BD Falcon, San Jose, CA, USA) and rinsed with
Hank’s Buffered Saline Solution (HBSS, Invitrogen, Grand Island, NY, USA). Red blood cells were
lysed by adding ACK Lysing Buffer (BioWhittaker, Walkersville, MD, USA) for 3 min. Splenocytes
were then washed twice with HBSS. Cell number was determined by counting cells excluding trypan
blue using a hemocytometer.
3.4. Splenocyte Cultures
Each time an experiment was performed, it used premalignant cell or tumor cell supernatant derived
from a single premalignant-bearing or HNSCC tumor-bearing mouse, respectively. The experiments were
then repeated. The supernatants were cultured with splenocytes from a total of three control C57BL/6 mice
and cytokine release was analyzed as a measure of fold change/control for each individual control mouse,
in duplicate. Control splenocytes were plated 1 × 106 cells/well in a 12-well tissue plate pre-coated with
anti-mouse CD3ε with 30IU recombinant mouse IL-2 (R&D Systems, Minneapolis, MN, USA) in 10%
DMEM media, premalignant lesion cell-conditioned media, or HNSCC cell-conditioned media for 72 h at
37 °C. Premalignant lesion cell-conditioned media and HNSCC cell-conditioned media, respectively, were
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diluted 1:2 in 10% DMEM media to culture with splenocytes. Cells were then restimulated for 4 h with 50
ng/mL PMA and 1 μg/mL ionomycin. Supernatant was collected for cytokine analysis. For each of three
independent experiments, splenocytes from a control C57/BL6 mouse were cultured with media,
premalignant lesion cell-conditioned or HNSCC cell-conditioned media, respectively.
3.5. Cytokine Bead Array
All reagents used for the cytokine bead array were from BD Biosciences unless otherwise specified. The
levels of IFN-γ, IL-2, IL-17A, IL-4, IL-6 and IL-10 in cell supernatant were determined using a mouse
cytometric bead array Th1/Th1/Th17 cytokine kit. Levels of IL-1, IL-1β, IL-13, IL-12p70, IL-9,
GM-CSF, G-CSF, MIG, MCP-1, MIP-1, MIP-1β, and RANTES in cell supernatant were determined
using cytometric bead array flex sets for the individual cytokines according to the manufacturer’s
instructions. A FACS Canto (Becton Dickinson, San Jose, CA, USA) flow cytometer was used to
quantify cytokine profiles and relative amounts of each cytokine were analyzed using FCAP Array
Software (manufactured by Soft Flow Hungary Ltd. for BD Biosciences, St. Louis Park, MN, USA).
Cytokine levels in total splenocyte cell supernatant were adjusted for baseline levels in premalignant or
HNSCC cell supernatant, respectively, for analysis. To analyze fold change/control, cytokine levels in
the supernatant of splenocytes cultured with premalignant or HNSCC cell-conditioned media,
respectively, were compared to cytokine levels in the supernatant of splenocytes cultured with media
alone for each of three independent experiments.
3.6. Prostaglandin E2 ELISA
To quantify PGE2 in cell culture supernatant, a competitive ELISA was performed according to the
manufacturer’s instructions (Thermo Scientific, Rockford, IL, USA). Premalignant and HNSCC cell
supernatant was diluted 1:2 or 1:4 for analysis. Samples were tested in duplicate for each of three
independent experiments. Optical density at 405 nm was analyzed using a Spectra Max M2 plate
reader. Concentration of PGE2 was determined using SoftMax Pro 5.4.2 plate reader software
(Molecular Devices, Sunnyvale, CA, USA). A standard concentration curve was generated for each
independent experiment.
3.7. Statistical Analysis [33]
A one-way ANOVA analysis was initially performed to determine if there were any significant
differences in cytokine/chemokine production by splenocytes between control, premalignant lesion
supernatant and HNSCC supernatant conditions. If differences were identified by the ANOVA
analysis, a student’s t test was then performed to determine significance of differences between each of
two groups (ex.: control vs. premalignant, control vs. HNSCC, premalignant vs. HNSCC). Data were
reported using the mean as a measure of central tendency ± standard error of the mean. Significance
was reported in the 95% confidence interval.
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4. Conclusions
Whereas premalignant lesion cells from the 4-NQO mouse model of oral carcinogenesis release a
panel of proinflammatory mediators including G-CSF, RANTES, MCP-1, and PGE2, HNSCC cells are
characterized by significantly decreased secretion of these mediators. Furthermore, splenocytes
cultured with premalignant lesion cell supernatant secrete significantly increased levels of Th1-, Th2-,
and Th17-associated cytokines and chemokines compared to splenocytes cultured with HNSCC
supernatant. This suggests that the premalignant microenvironment is significantly more immune
stimulatory than the microenvironment of the established tumor in HNSCC, though the anti-tumor vs.
pro-carcinogenic role of this response is obscure.
Previous studies have shown that HNSCC tumors modulate the cytokine environment to escape an
effective immune response and enhance growth and metastasis. Tumor-secreted GM-CSF is involved
in recruiting a population of MDSCs, which have been shown to inhibit IL-2 production from
anti-CD3-activated intratumoral T cells and interfere with CD8+ T cell-mediated immunity at the
tumor site [23,34,35]. Although high levels of GM-CSF have been detected in several human SCC
lines, we did not find a significant level of GM-CSF in HNSCC supernatant (or premalignant
supernatant). However, splenocytes cultured with premalignant supernatant secreted a significantly
higher level of GM-CSF compared to splenocytes cultured with HNSCC supernatant or media alone,
suggesting that factors in the premalignant environment elicit GM-CSF secretion from infiltrating
immune cells. This may be a mechanism by which developing premalignant lesions recruit MDSCs.
Another hematopoietic cytokine secreted by HNSCC tumor cells, G-CSF, has been shown to
increase the invasiveness of tumors via upregulation of MMP-2 and is associated with a worse
prognosis in patients [36–38]. In our study, the level of G-CSF secreted by premalignant lesion cells
was significantly higher than HNSCC cells and splenocytes cultured with premalignant supernatant
secreted significantly more G-CSF than splenocytes cultured with HNSCC supernatant. A similar trend
was found with MCP-1, a chemokine that has previously been shown to recruit IL-1- and TNF-α-secreting
macrophages to sustain VEGF secretion by tumor cells in a proangiogenic signaling loop [25]. Levels of
MCP-1 were significantly increased in premalignant supernatant compared to HNSCC supernatant.
RANTES, another proinflammatory chemokine that has been implicated in promoting HNSCC
progression, was also significantly upregulated in premalignant supernatant compared to HNSCC
supernatant [39]. These data suggest that the upregulation of several protumoral mediators may be
taking place earlier in the carcinogenesis of HNSCC than has previously been appreciated.
Although is well established that arachadonic acid metabolism is altered in established HNSCC
tumors, the role of PGE2 in HNSCC carcinogenesis is not clearly defined. COX-2, the enzyme
responsible for PGE2 production, is significantly upregulated in HNSCC tumors and increased levels
of PGE2 are associated with decreased levels of CD8+ T cells and increased levels of suppressor cells
at the tumor site [10,16,40,41]. PGE2 has also been shown to induce the production of IL-10 and
directly suppress the production of proinflammatory cytokines by CD4+ T cells, implicating it as a key
player in tumor-associated immunosuppression [39,42–44]. In our study, the level of PGE2 secreted by
premalignant lesion cells was over four-fold the level secreted by HNSCC cells, suggesting that PGE2
synthesis might be upregulated earlier in the carcinogenesis of HNSCC, possibly as a mechanism to
recruit suppressor cells and dampen the inflammatory response as the tumor becomes established. Future
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studies looking into the effect of COX-2 inhibitors on premalignant lesion cells and how this modulates
immune cell cytokine production will help define the role of PGE2 in the progression of HNSCC.
Our studies suggest that the premalignant microenvironment is significantly more immune
stimulatory than the HNSCC microenvironment. Splenocytes cultured with premalignant supernatant
secrete significantly increased levels of the Th1-associated cytokines IL-2, IFN-γ, and TNF,
Th17-associated IL-17A, and other proinflammatory mediators including RANTES and IL-1α
compared to splenocytes cultured with HNSCC supernatant. Interestingly, premalignant supernatant
also elicits increased secretion of Th2-associated IL-4, IL-6, and IL-10 from splenocytes compared to
HNSCC supernatant. This is puzzling because IL-4 and IL-10 are known to play immunosuppressive
roles and yet are being produced alongside proinflammatory cytokines in the presence of premalignant
(but not tumor) supernatant. One explanation is that immune cells initially recognize dysplastic tissue
and mount an inflammatory response at the premalignant stage, but factors released from the developing
lesion, including G-CSF and PGE2, simultaneously recruit a population of immunosuppressive cells,
which secrete factors such as IL-10 and TGF-β to dampen an effective Th1-mediated response as the
tumor is established. At this point, the tumor has escaped immune surveillance and no longer needs to
maintain as strong of a Th2-skewed environment to combat the resident inflammatory cells, which are
significantly less active. To elucidate the mechanism by which factors produced by premalignant
lesion cells and HNSCC cells, respectively, are modulating immune cell cytokine production, future
studies will focus on the effect of lesion and tumor supernatant on isolated CD4+ and CD8+ T cells,
F4/80+ macrophages, and CD11b+/CD11c+ dendritic cells.
These studies are not without limitation. First, these studies conducted analyses of tissue that had
already developed into premalignant oral lesions or HNSCC. Future studies are also needed to
determine the immunological impact of the early developmental stages of premalignant lesions prior to
the visible appearance of the lesions. In addition, although established cell lines offer some insight into
the cytokine environment of the premalignant lesion and HNSCC tumor, respectively, the degree to
which they mimic the in vivo state is unknown. Transformation of the cells in culture may lead to the
production of a different panel of cytokines/chemokines, which may change the effect of this
supernatant on splenocyte cytokine production in vitro. Furthermore, these experiments do not take into
account the myriad of immune mediators being produced by tumor-associated fibroblasts, endothelial cells,
etc. in the tumor microenvironment and the interaction of tumor cells with these cells in vivo. However,
because much is unknown about the premalignant state of HNSCC, analyzing the cytokine/chemokine
profile of isolated premalignant lesion cells is an important first step to understanding how these cells
might be modulating the immune response during HNSCC carcinogenesis.
HNSCC tumors use a variety of mechanisms to evade immune detection and thwart an effective
host response, creating a significant obstacle for treatment in HNSCC patients. However, the
mechanisms by which premalignant lesions modulate the immune response are largely unknown. This
study offers insight into how the cytokine environment changes from premalignancy to established
HNSCC and suggests that the first steps of immune escape may be taking place earlier in
HNSCC carcinogenesis than has previously been appreciated, opening the door for more effective
immunotherapy development.
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