
Abstract. Natural killer (NK) cells play a dominant role in
the network of innate immunity. Via Toll-like receptor 3
(TLR3), NK cells can be efficiently stimulated by double-
stranded (ds)RNA. In head and neck squamous cell
carcinoma (HNSCC), NK cells seem to be strongly impaired,
but the true mechanisms of immune escape are not
sufficiently known to date. It is obvious that the micro-
environment of head and neck cancer results in strongly
affected immune functions. NK cells play a major role in the
local immune response of HNSCC. In this study we showed
that TLR3 is predominantly expressed on the cell surface of
native NK cells and becomes rapidly internalized in response
to the HNSCC microenvironment. These findings represent a
novel potential immune escape mechanism of head and neck
cancer. The internalization of TLR3 in response to HNSCC
was also observed in fibroblasts expressing heterologous
TLR3 protein. Specific stimulation of NK cell TLR3 with its
ligand polyinosinic-polycytidylic acid (Poly I:C) impairs the
internalization of this Toll-like receptor and leads to
activated NK cells within the HNSCC microenvironment.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is one of
the most frequent cancers in the world, and over the last 40
years the 5-year survival rate has only marginally improved.
Cells of head and neck cancer are known to develop several
molecular strategies to escape from efficient immune
responses. It is thought that various tumor-secreted immuno-
suppressive mediators contribute to massively affected
immune functions within the malignant transformation
process (1-3). 

Natural killer (NK) cells are a component of innate
immunity and play an important role in anti-infection activity

and tumor surveillance, especially in HNSCC (4,5). NK cells
can be triggered through various receptors depending on
specific ligands presented by target cells in a given encounter
(6-9). However, NK cells isolated from cancer patients
exhibit strongly impaired anti-tumor functions (10,11). 

Recently it has been shown that treatment with the
synthetic double-stranded (ds)RNA polyinosinic-poly-
cytidylic acid (Poly I:C), a mimic of a common product of
viral infections, significantly up-regulates both natural and
CD16-mediated cytotoxicity of highly purified human NK
cells (12). Poly I:C as well triggers the novel capability of
producing CXCL10 chemokine in human NK cells and
synergistically enhances interferon-γ (IFN-γ) production
induced by either adaptive or innate cytokines (12). Poly I:C
is known to be recognized by Toll-like receptor 3 (TLR3)
(13), one of ten different human TLRs which recognize
conserved molecular patterns to trigger innate immune
responses (14,15).

TLR3 stimulation was shown to rapidly up-regulate NK
cell in vivo functions, whereas the NK cell ability to directly
respond to dsRNA is still mostly unknown (12). 

In this study we investigated the regulation and subcellular
distribution of TLR3 in human NK cells with respect to the
influence of the HNSCC microenvironment and Poly I:C.
Among human TLR proteins we found only TLR1, TLR2,
TLR3, and TLR7 to be significantly expressed in native NK
cells. Protein levels of these Toll-like receptors were not
affected by the microenvironment of head and neck cancer. 

Flow cytometric analysis of the subcellular localization of
TLR3 revealed a drastic change in the intracellular and
extracellular distribution of this Toll-like receptor. TLR3 is
rapidly internalized in NK cells in response to the HNSCC
microenvironment. 

This mechanism was also observed in fibroblastic cells
expressing heterologous TLR3. HNSCC-induced NK cell
alteration can be counteracted by specific TLR3 activation.
Poly I:C stimulation impairs the internalization of TLR3 and
leads to activated NK cells in the presence of the HNSCC
microenvironment. 

Materials and methods

Isolation of NK cells. Human peripheral blood mononuclear
cells were isolated from buffy coats provided by the blood
bank of the University of Lübeck (Lübeck, Germany). Blood
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donors were 18- to 65-year-old healthy men and women who
tested negative for HIV, hepatitis B virus, and hepatitis C
virus. PBMC were prepared from buffy coats by Ficoll-
Hypaque density gradient centrifugation. Depletion of non-
NK cells (T cells, B cells, dentritic cells, monocytes,
granulocytes and erythroid cells) was used to isolate untouched
NK cells with a cocktail of biotin-conjugated antibodies
against CD3, CD4, CD14, CD15, CD19, CD36, CD123, and
Glycophorin A, and anti-biotin microbeads, according to the
manufacturer's protocol (Miltenyi Biotec, Bergisch Gladbach,
Germany). 

Cell culture and preparation of supernatants. Permanent
HNSCC cell lines BHY (DSMZ Germany) (16), PCI-1, and
PCI-13 (hypopharyngeal cancer, Pittsburgh Cancer Institute)
were used to generate HNSCC supernatants. Cells were
cultured in Dulbecco's modified Eagle's medium (DMEM,
Gibco) supplemented with 10% FCS, 1 mM glutamine and
0.1 mM sodium pyruvate. Cell-free supernatants were
collected by centrifugation and filtration after 48 h of cell
cultivation. Isolated NK cells were incubated at 37˚C in 5%
CO2 for 24 h in HNSCC supernatants or DMEM. For cell
stimulation 50 μg/ml Poly I:C (Sigma) was added. Mouse
fibroblasts NIH3T3 were used for transfection with plasmid
pUNO-hTLR3 (Invitrogen). This plasmid encodes for human
TLR3 driven from a strong hEF1-HTLV promoter. The
plasmid encodes the bsr (blasticidin resistance gene) from
Bacillus cereus that confers resistance to the antibiotic
Blasticidin S and allows blasticidin selection in both
mammalian cells and E. coli bacteria. 

Flow cytometry. Surface antigen staining was performed as
described previously (17). Cells were stained with fluorescein-
5-isothiocyanate (FITC)-, or phycoerythrin (PE)-conjugated

antibodies (BD Biosciences). Propidium-iodide was used to
identify dead cells. For intracellular staining NK cells were
permeabilized with saponin buffer (PBS, 0.1% saponin,
1% FCS, and 1 M HEPES). Samples were analyzed on a
FACSCanto (BD Biosciences, Heidelberg, Germany), and
data acquisition was performed using the FACS DIVA
software (BD Biosciences, Heidelberg, Germany). 

Protein analysis. Cell extracts were prepared and solubilized,
and protein concentrations were determined using the Bio-
Rad protein assay kit (Bio-Rad GmbH, Munich, Germany)
with bovine serum albumin (BSA) as a standard. Aliquots of
protein extracts (20 μg) were run on 10% acrylamide SDS-
PAGE and were then transferred to a nitrocellulose membrane.
Blots were decorated with specific antibodies (Biomol,
Hamburg, Germany) as specified in the figure legends.

Results

Isolation and identification of natural killer cells. Human
natural killer (NK) cells comprise about 10-20% of human
peripheral blood lymphocytes. They can be identified by the
expression of the characteristic surface antigen CD56, an
isoform of the neural cell adhesion molecule, present on all
NK cells (18). We isolated untouched NK cells from the
human peripheral blood of healthy donors using magnetic
bead separation, whereas a defined antibody cocktail was
used for the depletion of all non-NK cells. Light microscopy
was used to calculate cell numbers as well as to analyze the
viability of the isolated cells by trypan-blue staining of dead
cells. Isolated NK cells were characterized by flow cytometry
using SSC/FSC properties and identified by the use of phyco-
erythrin (PE)-labeled anti-CD56 antibodies. Our data revealed
purities of isolated NK cells >95% (Fig. 1).
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Figure 1. Flow cytometric analysis of isolated NK cells. Isolated NK cells were characterized by SSC/FSC properties and identified by the expression of the
characteristic surface antigen CD56 using phycoerythrin (PE)-labeled anti-CD56 antibodies. NK cell isolation resulted in purities >95%. 
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TLR expression in human NK cells. Western blot experiments
were carried out to examine the protein expression levels of
human TLRs 1-10 with respect to the influence of the HNSCC
microenvironment. Therefore, isolated NK cells were
incubated in standard medium as well as in supernatants of
three different permanent HNSCC tumor cell lines (BHY,
PCI-1, and PCI-13) for 24 h and then subjected to protein
analysis.

Besides TLR3, only three other TLRs were significantly
expressed in native human NK cells, namely TLR1, TLR2,
and TLR7 (Fig. 2). Our investigations revealed a constitutive
expression of these TLR proteins in NK cells which was not
affected in response to 24 h of incubation in different HNSCC
supernatants (Fig. 2).

HNSCC removes TLR3 from the surface of NK cells. To
further analyze the effects of HNSCC supernatants on the
regulation of TLR3 in NK cells, flow cytometry was used to
distinguish between intracellular and surface expression levels
of this Toll-like receptor.

Our investigations identified TLR3 as a predominantly
surface-expressed receptor in native NK cells which was also
found in significant levels in the cellular lumen (Fig. 3).

Surprisingly, incubation of isolated NK cells in HNSCC
supernatants for 24 h resulted in an internalization of TLR3
(Fig. 3). TLR3 expression was rapidly down-regulated on the
cell surface, and correspondingly, increased cytoplasmic
protein levels were detected after incubation with HNSCC
supernatants. Identical findings were achieved using super-
natants of three different HNSCC cell lines (Fig. 3). The
internalization of TLR3 in response to HNSCC was also
observed in fibroblasts expressing heterologous TLR3
protein (Fig. 4). 

Poly I:C triggers the surface expression of TLR3 in the
presence of HNSCC. In order to analyze the influence of head
and neck cancer on NK cell-stimulating conditions, we
examined the activation of TLR3 in the presence of the
immunosuppressive influence of the HNSCC micro-
environment. Therefore isolated NK cells were simultaneously
incubated with HNSCC supernatants and stimulated with
Poly I:C. 

Our data demonstrated the antagonistic effects of Poly I:C
and HNSCC supernatants. Poly I:C-stimulated NK cells
revealed a significantly increased surface expression of
TLR3 in the presence of HNSCC (Fig. 5). Fig. 5 illustrates
that Poly I:C is able to impair the HNSCC-induced
internalization of TLR3.

Poly I:C activates NK cells in the presence of HNSCC. CD69
is a characteristic activation marker which is expressed on
the surface of NK cells in response to various activating
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Figure 2. TLR protein expression in human NK cells. Among the analyzed
TLR proteins (TLRs 1-10) only 4 TLRs were significantly expressed in
native human NK cells, namely TLR1, TLR2, TLR3, and TLR7. Expression
of these TLR proteins was not affected in response to 24 h of incubation in
supernatants of three different permanent HNSCC tumor cell lines (BHY,
PCI-1, and PCI-13).

Figure 3. Subcellular distribution of TLR3 in NK cells. In native NK cells, TLR3 was predominantly expressed on the cell surface whereas a smaller fraction
was found within the cellular lumen. TLR3 became rapidly internalized and removed from the cell surface in response to 24 h of incubation in HNSCC
supernatants of three different HNSCC cell lines (BHY, PCI-1, and PCI-13). Solid bars illustrate the measured MFI (mean fluorescence intensity).
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Figure 4. HNSCC-induced internalization of TLR3 in fibroblastic cells. 3T3 fibroblasts expressing heterologous TLR3 showed a decreased expression of
TLR3 on the cell surface in response to 24 h of incubation in HNSCC supernatants of two different HNSCC cell lines (BHY and PCI-1). Correspondingly,
increased levels of cytoplasmic TLR3 were observed.

Figure 5. Poly I:C impairs the HNSCC-induced internalization of TLR3. Poly I:C triggers the surface expression of TLR3 in the presence of HNSCC. Poly
I:C-stimulated NK cells revealed a significantly increased surface expression of TLR3 in the presence of HNSCC. Supernatants of three different HNSCC cell
lines (BHY, PCI-1, and PCI-13) were used. Solid bars illustrate the measured MFI (mean fluorescence intensity).
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Figure 7. Model of TLR3 internalization. TLR3 was predominantly expressed on the cell surface of NK cells and a smaller protein fraction was also detected
within the cellular lumen. HNSCC does not affect the expression level of TLR3, but triggers a rapid internalization of this Toll-like receptor which represents
a novel immune-escape mechanism of head and neck cancer. Specific activation with the TLR3 ligand Poly I:C impairs the immune-suppressive influence of
HNSCC and results in activated NK cells with predominantly surface-expressed TLR3. 

Figure 6. Poly I:C activates human NK cells in the presence of HNSCC. (A) Flow cytometric analysis of activation marker CD69 on human NK cells
demonstrated that Poly I:C stimulation resulted in a significant up-regulation of surface CD69, which was not affected by HNSCC supernatants. (B) Relative
fluorescence intensity demonstrated the strongly activating capacity of Poly I:C. Supernatants of three different HNSCC cell lines (BHY, PCI-1, and PCI-13)
were used. Solid bars illustrate the measured MFI (mean fluorescence intensity).
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stimuli such as IL-2, IL-12, IFN-α, and Poly I:C (19).
Therefore we analyzed the CD69 expression in response to
Poly I:C stimulation in the presence and absence of the
HNSCC microenvironment.

Our data demonstrated that Poly I:C stimulation resulted
in a significant up-regulation of surface CD69 on the analyzed
NK cells, which was not significantly affected by HNSCC
supernatants (Fig. 5). The influence of head and neck cancer
and Poly I:C on TLR3 subcellular localization and the
activation of human NK cells is illustrated as a model in
Fig. 7.

Discussion

We investigated the regulation of Toll-like receptor 3 (TLR3)
in human NK cells with respect to the influence of head and
neck squamous cell carcinoma (HNSCC) and Poly I:C.
Besides TLR3, we found that only TLR1, TLR2, and TLR7
were significantly expressed in native NK cells. Flow cyto-
metric investigations revealed that TLR3 was predominantly
expressed on the cell surface of natural killer cells. While
HNSCC did not affect the protein level of TLR3, our data
indicated a rapid internalization of this Toll-like receptor in
response to the HNSCC microenvironment resulting in
impaired functions. The immune suppressive influence of
HNSCC on activation and subcellular distribution of TLR3
was counteracted by specific stimulation with the TLR3
ligand Poly I:C. 

Previous investigations regarding the mRNA levels of
Toll-like receptors 1-10 in human leukocyte subsets by
Northern blot analysis and real-time PCR suggest high
expression levels of TLR1, followed by moderate levels of
TLR2, TLR3, TLR5, and TLR6 in human NK cells (20,21).
We examined the TLR protein levels in NK cells and
confirmed the expression of TLR1, TLR2, and TLR3. No
significant protein levels of TLR5 and TLR6 were detected,
whereas our data indicated the expression of TLR7 in native
NK cells. These findings suggest a distinct regulatory
mechanism of TLR expression on the transcriptional and
translational level, respectively.

Previous publications suggest a cell-specific subcellular
localization of TLR3 in different cell types. While human
fibroblasts were shown to express TLR3 on the cell surface,
investigations with human dendritic cells (DCs) revealed that
monocyte-derived immature DCs expressed TLR3 pre-
dominantly intracellularly (22,23). Recently it was shown that
human lung epithelial cells express TLR3 exclusively in an
intracellular compartment and thus was presumed that exo-
genous dsRNA must be internalized to encounter TLR3
(24).

We found that TLR3 is predominantly expressed on the
cell surface of human NK cells, which is rapidly decreased in
response to HNSCC. The Toll-like receptor modulating effect
of the HNSCC microenvironment was confirmed in fibro-
blasts expressing heterologous TLR3. These data suggest TLR
alterations on tumor-infiltrating leucocytes as an important
parameter of the HNSCC immune escape. The responsible
mechanisms have to be elucidated in more detail with respect
to the development of immunomodulating strategies against
HNSCC.
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