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Abstract In the inflammatory mucosal microenvironment
of head and neck SCC (HNSCC), DC express CD16 and
are usually in direct contact with tumor cells. Mucosal and
inflammation-associated DC develop from monocytes, and
monocyte-derived DC are used in HNSCC immunotherapy.
However, beyond apoptotic tumor cell uptake and presen-
tation of tumor antigens by DC, HNSCC cell interactions
with DC are poorly understood. Using co-cultures of
monocyte-derived DC and two established HNSCC cell
lines that represent well- and poorly-differentiated SCC,
respectively, we found that carcinoma cells induced
significant increases in CD16 expression on DC while
promoting a CD1a+CD86dim immature phenotype, similar
to that observed in HNSCC specimens. Moreover, HNSCC
cells affected steady-state and CCL21-induced migration of
DC, and these effects were donor-dependent. The CCL21-
induced migration directly correlated with HNSCC-
mediated effects on CCR7 and CD38 expression on DC-
SIGN-high DC. The dominant pattern seen in six out of
nine donors was the increase in steady-state and CCL21-
induced DC migration in co-cultures with HNSCC, while
the reverse pattern, i.e., decreased DC migration in co-
cultures with SCC, was identified in two donors. A split in

migratory DC behavior, i.e. increase with one HNSCC cell
line and a decrease with the second cell line, was observed
in one donor. Remarkably, the numbers of live detached
HNSCC cells were orders of magnitude higher in DC-
HNSCC co-cultures than in parallel HNSCC cell cultures
without DC. This study provides novel insights into the
effects of DC-HNSCC interactions relevant to the tumor
microenvironment.
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Introduction

Squamous cell carcinoma (SCC) is by far the most
common type of cancer in the head and neck (HN) area,
representing ~85% of malignancies in this location [1–3].
The mechanisms that regulate HNSCC pathogenesis,
particularly those pertaining to the tumor microenviron-
ment are poorly defined. The microenvironment of
HNSCC is characterized by dense infiltrates of immune
system cells, including monocyte lineage cells [4–6], such
as CD68+ [4, 6] monocytes, macrophages and dendritic
cells (DC). High numbers of CD68+ cells in HNSCC were
shown to correlate with lymph node metastasis and
advanced stage of disease [6]. Although an inflammatory
microenvironment is known to play a role in tumor cell
survival, proliferation, and migration [7, 8], the mecha-
nisms are still under investigation.

Monocytes are precursors of immature DC in the dermis
and the mucosa [9, 10], as well as DC produced during
inflammation [11–13]. Microbial products and certain
cytokines induce DC to mature and up-regulate activation/
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maturation markers CD80, CD86 and CD83, chemokine
receptors CCR7, CXCR4 and the chemokine co-receptor
CD38 that is required for CCR7 function [14–16].
However, uptake of apoptotic tumor cells by DC induces
CCR7 expression, but not maturation [17]. Chemokines
CCL19 and CCL21 guide CCR7+ DC to the lymph nodes
[18–20]. While mature DC activate T cells [21–23],
immature DC induce T cell tolerance [24, 25] and thus
can contribute to the progression of cancer. In vitro,
peripheral blood monocytes differentiate into DC in the
presence of GM-CSF and IL-4 and this approach is widely
used to generate DC for experimental and clinical purposes
[26–28], such as in vaccines for cancer immunotherapy.
However, immunotherapy for HNSCC remains largely
ineffective [29, 30], and various aspects of DC-tumor cell
interactions are still unknown.

It is very interesting that in the HNSCC microenviron-
ment, monocyte lineage cells, including DC, express the
low-affinity FcγRIII (CD16) [5], which can activate cells
upon binding antigen-IgG antibody complexes [31, 32]. We
showed that HNSCC cells and their products can directly
promote CD16 expression on monocytes in vitro [5].
CD16+ monocytes are known for their association with
inflammatory states and preferentially differentiate into
migratory DC [31, 33]. Recent evidence from a K14-
HPV16 transgenic mouse model of skin SCC revealed that
the activation of FcγRIII and other Fc receptors on immune
system cells present in the tumor microenvironment
promoted pro-tumor and angiogenic activities [34]. As
HNSCC patients with large tumor burdens have high levels
of antigen-antibody immune complexes [35], CD16 cross-
linking on monocytes and DC may contribute significant
pro-tumor activities to the pathogenesis of HNSCC.
Further, the intimate association of carcinoma cells with
CD16+ monocytes and DC raises additional questions
regarding the effects of such interactions on the tumor
environment.

The purpose of the current study was to investigate how
direct interactions between DC and HNSCC cells affect
their phenotypes and function. We compared two
monocyte-derived DC subsets (DC-SIGN-high and DC-
SIGN-low, respectively) co-cultured with established hu-
man HNSCC cell lines representing well differentiated and
poorly differentiated carcinomas or primary oral keratino-
cytes. We show that both DC subsets caused striking
8–22-fold increases in the number of live HNSCC cells
detached from solid support. On the other hand, carcinoma
cell influence on DC consistently promoted an immature, pro-
inflammatory CD1a+CD16+CD83−CD86dim phenotype,
which was similar to the DC phenotype found in HNSCC
specimens. Depending upon the donor of DC precursors,
carcinoma cells induced either an increase or a decrease in
DC migration, including steady-state and CCL21-induced.

CCL21-induced migration in general directly correlated with
the respective changes in surface CCR7 and CD38 expres-
sion on the DC-SIGN-high DC subset. The patterns of DC
migration were further investigated in four young donors of
monocytes (25–35 years) and five middle-age donors
(50–65 years). HNSCC-induced increase in DC migration
was the dominant pattern seen in 80% (four out of five) of
older donors and 50% (two out of four) of younger donors.
The reverse pattern (reduced migration in co-cultures with
HNSCC cells) was observed in 50% of the young donors,
while in the older age group, one donor showed both
patterns, an increase in DC migration in the presence of one
carcinoma cell line, but a decrease with another cell line. We
discuss the potential implications of these results. We believe
that our novel observations contribute important insights into
the regulation of cell phenotypes and migration within the
HNSCC microenvironment.

Materials and Methods

The study protocol involving normal donors of blood was
approved by the NYU University Committee on Activities
Involving Human Subjects. Studies of archival biopsy
specimens were performed previously at the University of
Iowa with approval from the University of Iowa IRB.

Specimens

Formalin-fixed paraffin-embedded specimens of oral SCC
were retrieved from the University of Iowa Oral and
Maxillofacial Pathology Laboratory.

Cells

HNSCC Cells, Keratinocytes Two established HNSCC cell-
lines Cal27 (tongue; ATCC, Rockville, MD) and 1483
(tongue; gift from Dr. P. Sacks, NYU, NY) were grown
in DMEM/F12 (Invitrogen-GIBCO, Grand Island, NY)
with 10% heat-inactivated FBS (Hyclone, Logan, UT).
Primary tonsillar keratinocytes HTE1163 passages four-
seven (gift from Dr. A. Klingelhutz, U. Iowa, Iowa City)
were grown in KSFM with 0.2 ng/ml EGF and 30 μg/ml
BPE (Invitrogen-GIBCO). All culture materials and
reagents were certified endotoxin low/free. All cell lines
were negative for human papillomavirus (HPV) and for
mycoplasma.

Monocytes, Dendritic Cells (DC) Monocytes were prepared
as described [4, 5]. Monocytes were used as controls or
differentiated into DC over 6 days with 1000 U/ml each
GM-CSF and IL-4 (R&D Systems, Minneapolis, MN) in
X-VIVO-15 at 37°C/7% CO2, with complete replacement
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of media and cytokines on alternate days. This differen-
tiation produced DC-SIGN-low and DC-SIGN-high DC
subsets.

Experimental Set-up

The outline of the experimental set-up is shown in Fig. 1c.
The attached (DC-SIGN-low) and detached (DC-SIGN-
high) subsets of DC harvested after monocyte differentia-
tion were each cultured alone or at 1:1 ratios with HNSCC
lines (Cal27 or 1483) or with primary keratinocytes
HTE1163 in X-VIVO-15 for 3 days at 37°C, 7% CO2,

parallel to HNSCC and keratinocytes cultured alone. The
3-day protocol reliably produced measurable effects, the
cells did not overcrowd the cultures, and did not require
feeding. All experimental conditions produced floating and
adherent populations, which were analyzed separately for
phenotype and migration. In this study we focused on the
floating populations. For each donor 1, 2 and 3, monocytes
were purified at least on four separate occasions to test both
DC subsets with each SCC cell line in duplicate.

Flow Cytometry

Primary Antibodies: Anti-CD11c-PECy5 clone 3.9, anti-
CD38-PE clone HIT2 (BioLegend, San Diego, CA), anti-
DC-SIGN-PE clone 120507 (R&D Systems), anti-CD1a-PE
clone HI149, anti-CCR7-FITC clone 3D12, anti-CD36-
FITC clone NL07, anti-CD163-biotin clone GHI/61 (eBio-
science, San Diego, CA), anti-CD16-PE clone 3G8, anti-
CD86-PE clone HA5.2B7 (Immunotech, Marseille, France).
Secondary reagents: Strepavidin-PE (Southern Biotech
Associates, Inc., Birmingham AL). Control antibodies:
isotype and fluorochrome-matched Igs (Southern Biotech;
BD Pharmingen, San Jose, CA). Annexin V staining was
performed using the Annexin V-FITC Apoptosis Detection
Kit (eBioscience).

Flow Cytometry was performed as described previously
[5]. Data were collected on FACScan flow cytometer
using CellQuest software and analyzed using FlowJo
software (TreeStar, Ashland, OR). 30,000–50,000 events
were collected per sample. Cells were gated on the basis
of expression of DC-specific marker CD11c, to separate
the DC and SCC/keratinocyte populations in co-culture
experiments.

Migration Assay

Migration was assayed in 24-well Companion Plates using
inserts with 8-μm pore membranes (BD Falcon). Cells
collected from DC+/−HNSCC cultures were plated into
inserts in duplicate, triplicate or quadruplicate. Bottom
chambers contained medium with or without 20–40 ng/ml

CCL21 (Peprotech, Rocky Hill, NJ). After 18 h at 37°C/7%
CO2, contents of the lower chambers were centrifuged onto
slides, dried and fixed in 1% formalin. To easily distinguish
DC derived from co-cultures, slides were stained by IHC
for pan-cytokeratin, counterstained with hematoxylin and
cover-slipped. Photographs using 10X objective were used
to count all DC. DC counts were normalized to an input of
10,000 DC per chamber based upon flow cytometry data of
the input CD11c+ DC and CD11c− HNSCC cells.

Immunohistochemistry (IHC)

Antibodies Pancytokeratin, clones AE1/AE3 (LabVision),
anti-CD16 (Serotec), anti-Ki67 (Labvision), MIgG (negative
control). Antibodies to pancytokeratin and to Ki67 were
diluted to 2.5 mg/ml in permeabilization buffer, containing 1%
saponin, 5% FBS, 0.01% sodium azide in PBS. Anti-CD16
was diluted to 5 mg/ml in FACS buffer. Negative control
preparations were matched to primary antibodies for isotype,
concentration and buffer. IHC was performed using LabVision
kits, LP Value HRP-DAB or One-Step HRP-DAB as
described previously [4, 5].

ELISA

ELISA for TNF-alpha (Duoset, R&D Systems) was
performed according to the manufacturer instructions.
Briefly, Nunc MaxiSorp™ 96-well plates were coated with
cytokine-specific antibodies, blocked, and incubated
sequentially with standards or sample supernatants
(in triplicate), followed by biotinylated cytokine-specific
antibodies, avidin-conjugated HRP and tetramethyl benzi-
dine (TMB) substrate (BioFX Laboratories, Inc., Owings
Mills, MD). Optical density at 450–650 nm or 450–540 nm,
as recommended by the manufacturers (Powerwave X,
Bio-Tek Instruments, Inc., Winooski, VT) was converted
into concentration using corresponding standard curves.

Statistical Analysis

Analysis of the DC Phenotype First, MFI of negative
controls were subtracted from the CD16, CD1a and CD86
MFIs. The levels of CD16, CD1a and CD86 on DC subsets in
the presence of HNSCC cells were compared to those in the
absence of HNSCC cells using the two-tailed Student’s t test.

Analysis of Migration Assays Statistical significance of
differences between groups was assessed by one-way
ANOVA, including Tukey-Kramer post-tests for multiple
comparisons.

All analyses were performed using the Prism software
(GraphPad, San Diego, CA). Probability values (P)
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of ≤0.05 were considered indicative of significant differ-
ences between data sets.

Results

CD16+ Monocyte Lineage Cells are Prevalent in Moderately
Differentiated and Well Differentiated HNSCC

SCC of the upper aerodigestive tract vary in differentiation,
yet are consistently associated with CD68+ monocyte lineage
cells and other inflammatory components. Figure 1a shows
that both well- and moderately differentiated SCC of the oral
cavity contain numerous CD16+ mononuclear cells, in the
epithelial islands and in the supporting connective tissue. We
reported previously that CD16+ cells in SCC matched the
morphology and distribution of CD1a+ DC, while others
matched the morphology and distribution of CD68+ mono-
cytes and macrophages [5]. On the other hand, CD56+ NK
cells that are also mononuclear and express CD16 were
exceptionally rare, and never seen in the epithelial nests
(not shown).

Accordingly, HNSCC cell lines selected for in vitro experi-
ments were of different levels of differentiation (Fig. 1b). The
control primary keratinocytes HTE1163 formed nests of small
undifferentiated and large differentiated cells, and the cycling
Ki67+ cells were located at the nest periphery, consistent with
normal epithelial architecture. HNSCC 1483 was relatively
well-differentiated, forming nests with small undifferentiated
and large differentiated cells, and with few cycling Ki67+

cells. The poorly-differentiated HNSCC line Cal27 formed
nests that coalesced into rapidly expanding sheets of
uniformly sized cells with numerous Ki67+ cells throughout.

DC Derived from Monocytes In Vitro Segregate
into Attached and Detached Subsets

The standard method for making monocyte-derived DC in
vitro is to culture peripheral blood monocytes with
GM-CSF and IL-4 over 6–7 days, producing attached and
detached subsets. The detached cells are used for experi-
mentation and immunotherapy applications as fully differ-
entiated monocyte-derived DC. Both subsets represent a
continuum of monocyte-lineage cells, but the characteristics
of the attached subset are somewhat obscure. We found that
the two subsets were similar, but had several distinct
phenotypic and functional features.

The diagram in Fig. 1c shows how the two monocyte-
derived DC subsets, the DC-SIGN-high and DC-SIGN-low
cells were generated and used in the co-culture experiments.
The patterns of receptor expression on DC from different
donors were similar (Table 1). In our study, both the attached
and detached DC subsets derived from monocyte differen-

tiation were 98–99% CD11c+ CD14-negative (Fig. 1d and
Table 1). Consistent with immature DC, both subsets
expressed DC-SIGN, CD1a, CD36 and intermediate to low
levels of CD86, but had little if any CD163, CD16 or CCR7
(Fig. 1d), high levels of MHC class II and no CD83 (not
shown). In distinction, detached cells consistently expressed
2–3-fold more DC-SIGN than did the attached cells, so the
two populations are referred to as the DC-SIGN-high and
DC-SIGN-low subsets, respectively. In addition, CD36 and
CD1a expression were higher, but CD86 levels were usually
lower on the detached, DC-SIGN-high cells.

Both DC Subsets Greatly Facilitate Detachment of Live
HNSCC Cells

To address the direct impact of DC and carcinoma cells on
each other, each of the monocyte derived subsets, i.e.
DC-SIGN-high and DC-SIGN-low DC, were combined
with each of the two carcinoma cell lines at 1:1 ratios and
cultured for 3 days. In all cultures, each of the DC and
carcinoma cell types produced typical adherent populations
as well as floating populations. Particularly remarkable was
the progressive accumulation of floating mixed cell rafts in
both DC-SIGN-high+HNSCC cell cultures and DC-
SIGN-low+HNSCC cell cultures. The viable fractions
of floating HNSCC cells were quantified using Annexin
V, propidium iodide (PI) and CD11c. A representative
experiment with Donor 1 DC is shown in Fig. 2. The
vast majority of floaters in the Cal27 and 1483 cultures
without DC were dead or dying Annexin V+ (Fig. 2, a and
c, left panels) and/or PI+ (Supplementary Figure 1). Also,
as anticipated, the PI+ HNSCC cells non-specifically
stained with the anti-CD11c antibody (Supplementary
Figure 1). In co-cultures with Cal27 cells, the DC-
SIGN-low and DC-SIGN-high subsets (CD11c+Annexin
V-negative cells) represented 24.9% and 29.1%, respectively,
of all floaters in these co-cultures. In the DC-1483 co-cultures,
DC-SIGN-low DC represented 35.7% of all floaters, while
DC-SIGN-high constituted 26.8%. Remarkably, the propor-
tion of live tumor cells increased dramatically in the presence
of both DC subsets from any of the three donors. In contrast to

Fig. 1 a Well (WD) or moderately differentiated (MD), oral SCC
contain CD16+ cells with dendritic morphology. Sections of oral
SCC specimens stained by IHC with HRP-DAB detection show
brown CD16+ cells. b Cell lines selected for the study. Primary
keratinocytes HTE1163, well-differentiated HNSCC 1483, and
poorly differentiated HNSCC Cal27 cells were grown in Permanox
slide-mounted chambers, formalin-fixed and stained by IHC for cell
cycle/proliferation marker Ki67. c Detailed schematic of experimen-
tal set-up. d Phenotypes of Donor 1 DC. Monocytes differentiated
with GM-CSF+IL-4 produced the attached (DC-SIGN-low) and
detached (DC-SIGN-high) subsets, evaluated by flow cytometry.
Numbers represent the mean fluorescence intensity (MFI) of
antibody binding. NOTE: Surface phenotypes of DC from Donors
1, 2 and 3 are compared in Table 1

�
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14.9% viable floaters in Cal27 cultures without DC
(Fig. 2a, left panel), live Cal27 cells represented 29.2–
31.1% of the DC+Cal27 floaters (middle and right panels).
Only 6.53% of 1483 floaters were live in the absence of
DC, but in co-cultures with DC-SIGN-low cells, 26.5% of

all floaters were viable1483 cells, while a striking 51% of
the mixed DC-SIGN-high DC+1483 floaters were viable
tumor cells (Fig. 2c). Similar results were obtained with
DC from Donor 2 and Donor 3 (summarized in Fig. 2b
and d).

Fig. 2 Dendritic cells affect viability of detached HNSCC cells.
HNSCC cells were plated alone or combined at 1:1 ratios with
DC-SIGN-low or DC-SIGN-high DC and cultured for 3 days. Floating
cell populations were stained with anti-CD11c–PECy5, Annexin
V-FITC (AnnV-FITC) and propidium iodide (PI) and analyzed by
flow cytometry. Dot plots from Donor 1 DC subsets with Cal27 (a)
and with 1483 (c) are shown. CD11c was used to distinguish between

live DC and SCC populations. Only the PI-positive SCC cells non-
specifically stained with the DC-specific anti-CD11c antibody.
(Supplementary Figure 1). Fold enrichment of total viable floating
HNSCC cells (Cal27 and 1483, respectively) in the presence of each
DC subset for all donors (mean ± SEM from two independent
experiments for each donor/HNSCC cell line combination) relative to
HNSCC cells cultured alone (b and d)

Table 1 Cell surface phenotypes of attached (DC-SIGN-low) and detached (DC-SIGN-high) DC subsetsa

Donor 1 Donor 2 Donor 3

DC-SIGN-low DC-SIGN-high DC-SIGN-low DC-SIGN-high DC-SIGN-low DC-SIGN-high

DC-SIGN 520.4 1065 210.7 597.3 695 1174.4

CCR7 0.8 2.7 0.1 0.2 1.5 2.4

CD1a 16.4 40 6.7 10.3 14 26.4

CD11c 152.6 170.7 77 124.4 218.9 211

CD16 0.2 1 2.1 1.9 0.8 2.7

CD36 26.2 58.7 29.1 32 39.2 56.2

CD86 76.4 39 191.7 102.3 43 33.4

CD163 3.4 3 6.7 3.3 4.8 2.7

a DC-SIGN-low and detached DC-SIGN-high DC subsets were derived from Donor 1, 2 and 3 monocytes after 6 days of differentiation in the presence
of GM-CSF and IL-4. Cells were prepared as described in Fig. 1c. Numbers represent MFI values after subtracting the negative control MFI
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Further analysis revealed that under the influence of DC,
the actual numbers of live floating Cal27 increased 8–14-fold
(Fig. 2b), and live floating 1483 cells increased 12–22-fold
(Fig. 2d). With or without DC, the total live tumor cell
numbers recovered were similar, but many more tumor cells
were floating in the presence of DC, suggesting that DC
facilitated the detachment of HNSCC cells. Interestingly,
neither DC subset increased the viable fraction of floating
normal keratinocytes (Supplementary Figure 2). Moreover,
peripheral blood monocytes did not change the viable
fraction of floating tumor cells (Supplementary Figure 3).
Therefore, monocyte differentiation appeared necessary, and
DC-SIGN-high DC of all three donors, as a group, were
much more effective than DC-SIGN-low cells (p<0.006 in
Cal27 co-cultures and p<0.007 in 1483 co-cultures).

HNSCC Cells Promote a CD1a+CD16+CD86dim DC
Phenotype

The striking effects of DC on HNSCC cells prompted
analysis of the associated DC. As oral SCC specimens
contained an abundance of CD16+ cells matching CD1a+

DC [5], and monocytes were found to upregulate CD16
expression in the presence of HNSCC cells, we tested the
ability of HNSCC cells to promote CD16 expression on
DC in 3-day co-cultures.

Donor 1 DC subsets incubated alone expressed low
levels of CD16 (Fig. 3). Both Cal27 (Fig. 3a) and 1483
(Fig. 3b) induced significant increases in CD16 expression,
which was remarkably similar to Donor 2 and 3 DC
(summarized in Table 2). Besides CD16, Cal27 and 1483
cells promoted the expression of CD1a. Depending upon
the donor, DC cultured with Cal27 or 1483 expressed more
CD1a than DC alone (1.6–16-fold and 2–9-fold, respec-
tively, Fig. 3 and Table 2). However, CD86 was usually
lower or similar to that on DC cultured alone (Fig. 3), and
this was true of both DC subsets from all donors (Table 2).
In control experiments with keratinocytes, CD16 and CD1a
expression increased on both DC-SIGN-low and DC-
SIGN-high Donor 1 subsets, while CD86 expression
decreased (Supplementary Table 1).

As CD16 expression on monocytes and DC suggests a
pro-inflammatory phenotype, we evaluated the production
of cytokines in co-cultures with HNSCC cells. We used toll-
like receptor 4-specific agonist lipopolysaccharide (LPS) to
activate Donor 1 DC in the presence and absence of
HNSCC cells (Fig. 3c). LPS induced the production of a
inflammatory cytokine TNF-alpha in DC, which increased
significantly in the presence of HNSCC cells Cal27 and
1483.

Overall, these results indicate that both well-
differentiated and poorly-differentiated HNSCC cells and
keratinocytes can promote an immature pro-inflammatory

Fig. 3 HNSCC cells affect DC phenotype. Donor 1 DC-SIGN-low and
DC-SIGN-high DC subsets were cultured for 3-days alone or with HNSCC
cell lines Cal27 (a) or 1483 (b). Resulting adherent and floating
populations were analyzed by flow cytometry. The floating populations
gated on the CD11c+ DC and MFI of antibody binding are shown. Data
are representative of at least two independent experiments. NOTE:
Statistical analysis for Donors 1, 2 and 3 is shown in Table 2. c) Donor 1
DC were cultured alone or in co-cultures, as indicated, with or without
200 ng/ml LPS for 3 days. Supernatants were stored frozen at −80°C
followed by ELISA. “None”—control, no HNSCC cells (only DC+/−
LPS). Results are representative of at least three independent experiments
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CD1abrightCD16+CD86dim DC phenotype, which is consis-
tent with the phenotype seen in HNSCC specimens.

HNSCC Cells Influence Steady-state and CCL21-induced
Migration of DC and their Expression of CCR7

We tested the possibility that the floating CD16+ DC in our
co-cultures could be more migratory. DC are known to
migrate to lymph nodes under the influence of CCR7-
CCL21/19, but the impact of HNSCC cells on the expression
or function of CCR7 in DC has not been demonstrated.

We assessed migration of floating DC, including the steady-
state and CCR7-regulated migration, as well as the expression
of CCR7 and a co-receptor CD38 which is required for CCR7
function (Figs. 4 and 5). Interestingly, there was a divergence
of DC responses from different donors. Cal27 potentiated the
expression of CCR7 (and to some extent, CD38) on both
subsets of Donor 1 and Donor 2 DC, but not on Donor 3 DC
(Fig. 4a, c, e). Donor 3 DC-SIGN-high cells actually dropped
CCR7 expression when cultured with Cal27 (Fig. 4e). On the
other hand, 1483 caused increases in CCR7 expression on all
DC-SIGN-high (1.5–2-fold) and DC-SIGN-low (2–3-fold)
subsets, with a concurrent increase in CD38 (Fig. 5a, c, e). In
control experiments, keratinocytes marginally influenced
Donor 1 DC subsets (1.2–1.5 fold increases in CCR7 and
CD38) (Supplementary Figure 4a).

The migration assays revealed another divergence of DC
behavior which was donor and subset-dependent. For
Donor 1, steady-state migration of DC-SIGN-high DC
cultured alone (“media”) was slightly better than in
DC-SIGN-low cells, but Cal27 strongly stimulated steady-
state migration of DC-SIGN-high cells (Fig. 4b, Table 3).
1483 cells produced similar, but smaller effects on both
Donor 1 subsets (Fig. 5b, Table 3). DC-SIGN-high cells
were also more responsive to CCL21 than DC-SIGN-low
DC, particularly in the presence of HNSCC cells, and more
so with Cal27 (Table 4).

Donor 2 DC-SIGN-high DC showed more steady-state
migration than DC-SIGN-low cells, and while Cal27 cells
stimulated steady-state migration in both subsets, 1483 did
so only in the DC-SIGN-high subset (Figs. 4d and 5d,

Table 3). Cal27 and 1483 both stimulated CCL21-induced
migration in Donor 2 DC-SIGN-high cells (Table 4).

Donor 3 DC migratory responses were quite different
(Figs. 4f and 5f). First, steady-state migration of both DC
subsets cultured alone was very high, and both subsets were
somewhat responsive to CCL21 (Table 4). In direct contrast
to Donors 1 and 2, both Cal27 and 1483 strongly suppressed
all migratory behavior of both DC subsets, though 1483 was
less effective than Cal27 with DC-SIGN-high cells (Figs. 4f
and 5f).

The control primary keratinocytes did not influence Donor
1 DC migration, correlating with negligible impact on CCR7
and CD38 expression (Supplementary Figure 4a and b).

To summarize steady-state migration (Table 3), in the
absence of HNSCC cells, the DC-SIGN-high DC were
typically more migratory than DC-SIGN-low cells. In two
donors, both HNSCC lines significantly stimulated migra-
tory behavior of DC-SIGN-high DC. In distinction, both
DC subsets from the third donor showed the reverse
pattern, i.e. they were more active when cultured alone,
and were negatively affected by HNSCC cells.

To summarize the effects of HNSCC cells on CCR7
expression and function (Table 4), DC-SIGN-high cells
from Donors 1 and 2 responded to CCL21 significantly
better in the presence of HNSCC cells (0.001<p<0.05),
which directly correlated with CCR7 and CD38 up-
regulation. Interestingly, although the DC-SIGN-low sub-
sets from Donors 1 and 2 experienced increases in CCR7
and CD38 expression comparable to DC-SIGN-high DC,
this did not translate into increased migration towards
CCL21 (0.09<p<0.4). In contrast, HNSCC cells signifi-
cantly impaired CCL21-induced migration of both DC
subsets from Donor 3 (p<0.001), which correlated with low
CCR7 expression.

DC Migration Patterns in Response to HNSCC
were Reproducible with DC Derived from Multiple
Unrelated Donors

Given the two major patterns of DC migration in response
to HNSCC cells observed with Donors 1, 2 and 3, i.e.

Table 2 HNSCC cells significantly affect DC phenotypea

Cal27+DC-SIGN-low
Vs. DC-SIGN-low

Cal27+DC-SIGN-high
Vs. DC-SIGN-high

1483+DC-SIGN-low
Vs. DC-SIGN-low

1483+DC-SIGN-high
Vs. DC-SIGN-high

Fold increase p value Fold increase p value Fold increase p value Fold increase p value

CD16 6.5–45 0.002 3.3–69 0.015 2–5.9 0.002 2.5–7.5 0.02

CD1a 1.4–16 0.04 1.3–2.7 0.05 2.2–8.9 0.003 2.1–8.1 0.0005

CD86 0.53–1 0.5 0.6–1 0.4 0.4–1.06 0.3 0.7–1.4 0.8

a The relative changes in expression of CD1a, CD16 and CD86 on DC subsets in the presence of HNSCC cells for all three donors and duplicate
experiments (n=6) were analyzed by two-tailed Student’s t test
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HNSCC-induced increase in DC migration or HNSCC-
induced decrease in migration, we tested additional donors
of DC precursors. Similar to the first three donors, none of the
Donors 4–9 had history of cancer. The additional donors were
matched with the first three by age, because Donors 1 and 2
were middle-age (>50) and shared similar patterns, i.e.

increased migration in the presence of HNSCC cells, while
Donor 3 with the reverse pattern was young (under 35 years).

As the most pronounced effects were seen in the DC-
SIGN-high subsets from Donors 1, 2 and 3, the new
migration experiments were performed with DC-SIGN-high
DC subset. The results are shown in Fig. 6. Similar to

Fig. 4 Cal27 cells affect DC
migration and the expression of
CCR7 and CD38 on DC. DC-
SIGN-low and DC-SIGN-high
subsets from Donors 1, 2, and 3
were each co-cultured for 3-days
with HNSCC cell line Cal27.
Floating populations from the
co-cultures were analyzed for
CCR7 and CD38 expression by
flow cytometry (a, c, e), as well
as tested in migration assays (b,
d, f) to examine steady-state
migration (Media) and CCL21-
induced migration. a, c, e The
MFI of antibody binding is in
the upper right corner of each
panel, where the top number is
MFI on DC cultured alone and
the lower bold number is the
MFI on DC from the co-cultures
with HNSCC cells. b, d, f Error
bars = standard error for DC
alone; and standard deviation for
DC-Cal27 co-cultures. The data
are representative of two
independent experiments for
each donor. NOTE: Statistical
analysis of DC migration for
Donors 1, 2 and 3 are shown
in Table 3
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Donors 1 and 2, DC from two out of the three new middle-
age donors (50–65 years, Donors 5 and 6) showed
increased migratory behavior in response to HNSCC cells.
DC from the third middle-age donor (Donor 4) showed
both patterns: decreased migration in response to Cal27 and
increased migration in response to 1483 cells. In the young
age group (25–35 years) one out of three new donors

(Donor 7) produced the same pattern as Donor 3, i.e.
decreased DC migration upon co-culture with HNSCC
cells. DC from the other two young donors (Donors 8 and
9) showed the same patterns as most of the older group, i.e.
increased migration in response to either HNSCC cell line.

Together, the dominant pattern irrespective of age or sex
for all nine donors tested (80% of older donors and 50% of

Fig. 5 1483 cells affect DC
migration and the expression of
CCR7 and CD38 on DC. All
procedures with 1483 cells were
the same as with Cal27 cells
(please see legend to Fig. 4).
The data are representative of
two independent experiments
for each donor. NOTE:
Statistical analysis of DC
migration for Donors 1, 2
and 3 are shown in Table 3
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younger donors) was an increase in DC migration upon
co-culture with HNSCC cells. Less common was the
reverse pattern, seen mainly in the young age group (50%
of young donors). Only one out of nine donors (older
group) showed a combination of the two patterns, splitting
the responses to the two different HNSCC cell lines.

Discussion

Outcomes of patient treatments for SCC of the upper
aerodigestive tract have improved very little in the last five
decades, and 5-year survival, regardless of tumor grade (i.e.
level of tumor cell differentiation), remains under 60%
[3, 24, 36]. This is partly due to the focus of standard
treatments only on the tumor cells, and the lack of
knowledge of the kinds of support tumor cells receive from
their microenvironment that may protect them from
treatment-induced elimination. More recently, there has
been increased interest in the mechanisms that regulate
tumor cell-stroma relationships. It is now obvious that some
aspects of inflammation in the tumor microenvironment are
involved in the carcinogenesis and the progression of
HNSCC, while the tumor cells in turn influence their
surrounding microenvironment. Our focus is on the innate
immune system monocyte lineage cells that are prominently
featured in the tumor microenvironment.

We have systematically validated our approach by
evaluating human SCC specimens and correlating with
other clinical studies, to ensure that our in vitro system was
producing results consistent with evidence obtained in vivo.
In this study, we used in vitro monocyte-derived DC,
because mucosal and inflammatory DC develop from
monocytes [9, 11, 13], and because monocyte-derived DC
are central to cancer immunotherapy [26–28]. This
approach was selected to examine more directly how
normal DC and SCC cells influence each other in the
absence of numerous other variables present in vivo,
including the global effects of advanced cancer. The DC-
SIGN-high DC subset obtained by this approach is
routinely used for in vitro studies and for cancer immuno-
therapy. The other subset, DC-SIGN-low cells, had received
little attention to date and in this study revealed some
differences from the DC-SIGN-high cells. In contrast to
DC-SIGN-low cells, DC-SIGN-high DC were no longer
attached to the plastic by the end of GM-CSF+IL-4-induced
differentiation, and expressed more CD1a along with
somewhat less CD86, a marker of activation and matura-
tion. Both DC subsets were essentially CD16-negative at
the beginning of the co-culture experiments. With the
experimental 3-day incubation, CD16 levels increased on
both DC subsets, and control keratinocytes as well as
HNSCC cells significantly enhanced the up-regulation of
this Fc-gamma RIII in each subset of each donor tested.
Previously, we showed that HNSCC cells also promoted
CD16 expression on normal peripheral blood monocytes,
although that effect was relatively mild [5]. In addition, we
found that soluble factors released by HNSCC cells may be
sufficient to induce CD16 expression on monocytes [5].
These data are consistent with the identification of numerous
CD16+ monocyte-lineage cells in clinical specimens of
HNSCC (ref. [5] and Fig. 1). Given that most peripheral
blood monocytes are CD16-negative, express CCR2 and
migrate into inflamed areas and into the HNSCC microen-
vironment in response to CCL2 [4, 6], these monocytes and
the monocyte-derived DC could then gain CD16 expression
through interactions with HNSCC cells or their products, and
possibly by interacting with other mucosal cells.

Table 4 Statistical analysis of DC migration. DC subset response to CCL21a

Donor DC-SIGN-low DC-SIGN-high Cal27+DC-
SIGN-low

Cal27+DC-
SIGN-high

1483+DC-
SIGN-low

1483+DC-
SIGN-high

Keratinocytes+
DC-SIGN-low

Keratinocytes+
DC-SIGN-high

1 p=0.2 p=0.08 p=0.4 p<0.001 p=0.09 p<0.01 p=0.3 p=0.4

2 p=0.08 p=0.07 p=0.2 p<0.05 p=0.1 p<0.05 ND ND

3 p<0.01 p<0.01 p=0.3 p=0.4 p=0.4 p=0.08 ND ND

Table combines data from the duplicate experiments for each donor
aMigration of DC subsets in response to CCL21 in each indicated condition was assessed by one-way ANOVA, including Tukey-Kramer post-
tests for multiple comparisons. P≤0.05 indicates that the response to CCL21 was statistically significant (bold)

Table 3 Statistical analysis of DC migration. Steady-state migration
of DC-SIGN-high vs DC-SIGN low subsetsa

Donor DC alone DC+Cal27 DC+1483 DC+keratinocytes

1 p<0.001 p<0.001 p<0.05 p<0.001

2 p<0.001 p<0.001 p<0.001 ND

3 p<0.001 p=0.5 p<0.001 ND

a For each donor DC, the steady-state migration of DC-SIGN-high vs.
DC-SIGN-low subsets in the absence or presence of HNSCC cells or
keratinocytes was assessed by one-way ANOVA, including Tukey-
Kramer post-tests for multiple comparisons. P≤0.05 indicates that the
steady-state migration of the DC-SIGN-high DC was significantly
greater than that of the DC-SIGN-low subset (bold)
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An important reason CD16+ monocytes and monocyte-
derived DC are of special interest is that they are associated
with chronic inflammatory states [33, 37], and chronic
inflammation is consistently present in the microenviron-
ment of HNSCC. Here we found that the DC exposed to
HNSCC cells not only increased CD16 expression, but also
produced more pro-inflammatory cytokine TNF-alpha in
response to LPS. Other studies showed that DC derived
from CD16+ monocytes were highly migratory and able to
reverse transmigrate endothelial layers in vitro [33]. In our
study, the steady-state migration of floating DC from most
donors increased 1.5–7-fold under the influence of HNSCC
cells. Remarkably, migratory patterns of floating DC from
two donors were just the opposite: while highly migratory
on their own, incubation with either HNSCC cell line
caused major reductions in their steady state migration.
Moreover, CCR7 expression and CCL21-induced migration
were similarly influenced by HNSCC cells, both changing
parallel to the steady-state migration patterns. The strong
HNSCC cell influence on DC migration contrasted with the
lack of keratinocyte influence, which indicates the diver-
gence of the mechanisms that regulate DC phenotype from
those regulating DC migration.

HNSCC cells also supported increases in CD1a expres-
sion and some suppression of CD86 levels, consistent with
a tolerogenic DC phenotype described previously [17, 24,
25]. Early studies showed a positive correlation between
high density of tumor infiltrating CD1a+ DC with a better
prognosis [38, 39], although those studies did not test the
samples for human papillomavirus (HPV). This is impor-
tant, because relative to HPV-negative HNSCC, HPV+

carcinomas associate with better prognosis [40, 41], and
we found that CD1a+ DC infiltrate HPV+ HNSCC in large
numbers (manuscript in preparation). More recent studies
revealed that tumor infiltrating DC contribute to immune
escape due to their immature phenotype and low density of
co-stimulatory molecules CD80 and CD86 [42, 43].
Phagocytosis of tumor cells is known to contribute to a
CCR7+ immature DC phenotype, and in our study,
migrating DC showed evidence of phagocytosis of
cytokeratin-positive cells (data not shown). An important
point to make is that, according to our data, specific
HNSCC cell effects on DC may depend on the host. On one
hand, as illustrated with most donors, CCR7/CCL21-
dependent migration of CD1abrightCD86dim DC to lymph
nodes could result in T cell tolerance, as described with

Fig. 6 Persistence of the two identified migration patterns in SCC co-
cultures with DC from multiple donors. DC-SIGN-high subsets from
Donors 4–9 were each co-cultured for 3-days with HNSCC cell line
Cal27 or 1483 respectively. Floating populations from the co-cultures

were tested in migration assays with and without CCL21. Error bars
represent standard deviations of triplicate ELISA measurements.
Donors 4-6 were between 50 and 65 years of age; Donors 7-9 were
between 25 and 35 years of age
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CCR7+ immature or semimature DC [17, 44]. On the other
hand, in a Donor 3 and Donor 7-like setting, HNSCC-
associated DC may be prevented from reaching the lymph
node, potentially resulting in a failure of T cell-dependent
responses to the tumor cells, and perhaps even to the
colonizing microorganisms identified in HNSCC [45].
Therefore, the HNSCC cells themselves could be protected
from a T cell response in either case. Such an outcome
would be consistent with the well-known tumor cell escape
from T cell-mediated immune responses.

In general, high expression of DC-SIGN positively
correlated with more migratory behavior. Notably, these
migratory patterns were representative of floaters only, while
the adherent DC-HNSCC and DC alone populations recov-
ered at the end of the 3-day co-culture experiments were
consistently sedentary (data not shown). These observations
offer additional clues to the characteristics required for a
migratory phenotype and suggest that HNSCC cells may
affect the DC cytoskeleton and G-protein-coupled receptors.

Together, the results discussed above suggest that the
consistent stimulatory effect of HNSCC cells on CD16
expression in monocyte-derived DC is likely to be regulated
by a mechanism distinct from one that controls steady-state
migration of DC. Potentially relevant is the age of the donors.
The profile of peripheral blood DC and monocytes changes
with age [46], and CD16+ monocytes [46], as well as chronic
inflammatory conditions and malignancies (especially carci-
nomas) become much more common in the 6th–7th decades.
Although the donor population we investigated was small,
there were interesting trends in the frequency of the two
migratory patterns in the two age groups selected. The
dominant pattern of DC migration, i.e. increased migration in
the presence of HNSCC cells, was characteristic of the older
age group (4 out of 5, male:female 2:2), while the fifth donor
(male) showed a combination of two patterns. The reverse
pattern was seen in 50% of the young group (1 male and 1
female). However, the donor population was representative
of many nationalities and different races, so it is not clear,
whether the distinct patterns are related mainly to donor age,
or to their ethnic background. Further studies will be directed
towards understanding the significance of the migratory
patterns, and at the underlying reasons for the observed
distinctions. Whether migratory behavior of DC and/or DC
responses to malignant cells are somehow affected by aging,
by ethnic background, or by pathologic conditions related to
aging or ethnic background, remains to be established.

A particularly striking effect of monocyte-derived DC
was the dramatic, one to two orders of magnitude increase
in detached live HNSCC cells, which contrasted with the
lack of such effect on primary keratinocytes. The DC-
SIGN-high DC were significantly more effective than DC-
SIGN-low cells, while the undifferentiated precursors, i.e.
monocytes, made no significant impact. This HNSCC cell

detachment is likely related to the marked increase in the
expression of matrix metalloproteinases we observed in the
co-cultures (data not shown). The detached HNSCC cells
showed good capacity for survival upon transfer to new
cultures, although additional studies are needed to charac-
terize these cells and quantify the effects of DC on HNSCC
cell survival. To our knowledge, this is the first demonstra-
tion that the DC can profoundly influence the detachment
of HNSCC cells.

We believe that allogeneity had no impact in this study.
The monocyte-DC preparations were performed using a
2-step approach, which is significantly better than the
standard adherence preps, and resulted in ~97–99% purity,
i.e. almost no lymphocytes. Further, the co-cultures were
only 3 days long, with an additional 18 h for migration.
Therefore, contributions of the important MHC class I
specific receptors on T cells, B cells or NK cells (TCR,
BCR and KIR) to the functions we identified are very
unlikely. Although monocytes and DC express leukocyte
Ig-like receptors (LILRs, also known as ILT, LIR, or CD85)
some of which can interact with MHC, these receptors are
not known to regulate DC migration or phenotype because
of binding to MHC molecules [47, 48]. Moreover, DC from
all donors similarly promoted the detachment of carcinoma
cells, and only two significant patterns of DC migration
were identified in nine donors.

The pronounced effect of DC on the detachment of
HNSCC cells could facilitate the processes of invasion and
metastasis [49]. When combined with the acquisition by
DC of more migratory behavior, including responses to
lymph node homing signals via CCR7, this leads to a
potential model that HNSCC might migrate from their
primary site to the draining lymph nodes in clusters with
DC. This model is partly supported by our observations that
CD1a+ DC are scattered throughout HNSCC nests in lymph
nodes and in tumor nodules identified within lymphatic
channels (manuscript in preparation). Our results also
suggest that the outcomes of HNSCC cell interactions with
DC may depend on the host, which further underscores a
major role for non-tumor cells and the tumor microenvi-
ronment in cancer pathogenesis.
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