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Abstract. Mesenchymal stem cells (MSCs) exhibit strong
tropism towards tumor tissue. While MSCs generally surround
tumors, they can also infiltrate tumors and thereby influence
their proliferation. Interactions between MSCs and tumor cells
are usually tested under normoxia, but the majority of solid
tumors, including head and neck squamous cell carcinoma
(HNSCCQ), are also characterized by hypoxic areas. Hence, the
present study aimed to assess the interaction between MSCs
and tumor cells under hypoxic conditions. MSCs were culti-
vated under normoxia and hypoxia, and conditioned media
were used to cultivate the HNSCC cell line FaDu. The cell
cycle distribution and viability of MSCs and the proliferation
of FaDu cells were analyzed under normoxia and hypoxia,
and changes in cytokine levels in the conditioned media were
evaluated. No cell cycle changes were observed for MSCs after
24 h of cultivation under hypoxia, but the cell viability had
declined. Hypoxia also led to a decrease in the proliferation
of FaDu cells; however, FaDu cells proliferated faster after
48 h under hypoxia compared with normoxic conditions.
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This effect was reversed after incubation under normoxia for
72 h and hypoxia for 72 h. While these changes constituted
a trend, these differences were not statistically significant. A
cytokine assay showed an increase in interleukin (IL)-6 in the
hypoxic medium. Overall, the results indicated that there was
an interaction between MSCs and tumor cells. The presence
or absence of oxygen seemed to influence the functionality of
MSCs and their protumorigenic properties, in which IL-6 was
identified as a potential mediator. Since MSCs are a component
of the tumor stroma, further in vitro and in vivo studies are
needed to investigate this interaction in order to develop novel
approaches for tumor therapy.

Introduction

The oxygen concentration in malignant tumors is hetero-
geneous, and hypoxic intratumoral areas are caused by
inadequate oxygen supply to rapidly proliferating tumor
cells (1). Compared with healthy tissue of the neck, certain
areas of untreated head and neck squamous cell carcinoma
(HNSCC) tissue are less oxygenated because the rapidly
proliferating tumor outgrows its blood supply (2). Due to
decreased levels of chemotherapeutic drugs and intrinsic
radiation resistance of hypoxia areas, tumor hypoxia is one
of the primary causes of the limited therapeutic success in
malignancies (3). Hence, the development of new therapeutic
strategies is needed.

There have been promising reports about functionalized
nanoparticles, cytokine-based tumor therapies and cell-based
drug delivery systems (4,5). Such cell-based therapies can
be achieved by using mesenchymal stem cells (MSCs), the
effect of which on tumor cells is controversial because there
is evidence for both tumor inhibition and tumor progression
by MSCs (6). MSCs are multipotent progenitor cells that
support the homing, self-renewal and differentiation of hema-
topoietic stem cells in bone marrow (7). The International
Society for Cellular Therapy (ISCT) proposed three criteria
to define human MSCs: i) The cells must adhere to plastic;
ii) they must express CD105, CD73 and CD90 and do not
express CD45, CD34, CDI14 or CDI11b, CD79a or CD19 or
HLA-DR surface molecules and iii) they must differentiate
into osteoblasts, adipocytes and chondroblasts in vitro (8.,9).
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Furthermore, MSCs can leave their site of origin and reach
injured or inflamed tissue via the bloodstream (10,11). In some
tissues, such as skeletal muscle and fat, MSCs can be derived
from perivascular cells (12). In addition to their capability to
promote the regeneration of damaged tissue, MSCs tend to
migrate towards tumor cells and even invade the tumor (13,14).
However, the interactions between MSCs and various tumor
cells differ, since the current literature describes both
increased tumor progression due to interactions with MSCs as
well as the antiproliferative effects of MSCs in tumors (15,16).
Notably, cancer stem cells, which are part of the tumor micro-
environment, have been shown to promote both tumor growth
and the immune responses against cancer via stimulation by
neurotrophins (17).

However, hypoxia itself can also have beneficial effects and
thus be of therapeutic value. In MSCs, hypoxia increases the
secretion of growth factors, such as vascular endothelial growth
factor, which induces angiogenesis, as well as anti-inflamma-
tory molecules, such as prostaglandin E2, leading to enhanced
immune-modulating activities (18,19). For instance, hypoxic
preconditioning could restore neurological function in a rat
model of traumatic brain injury to a greater extent compared
with normoxic media (20). In a murine stroke model, hypoxic
preconditioning decreased the infarct volume (21). In a murine
hepatectomy model, hypoxia-preconditioned MSCs promoted
liver regeneration (22). MSCs themselves can decrease their
energy demands and increase their proliferative capacity under
hypoxia, suggesting an adaption to a hypoxic environment in
hypoxic tumor areas (23).

However, the interaction of MSCs and tumor cells has
mostly been tested under normoxic conditions, and this interac-
tion under hypoxia has been neglected. Therefore, the present
study aimed to analyze MSC-dependent cytokine secretion
and the effect of MSCs on the HNSCC cell line FaDu under
hypoxic and normoxic conditions.

Materials and methods

MSC isolation. MSCs were isolated from the human
bone marrow of five voluntary trauma patients who were
undergoing surgery in the Department of Orthopedics
(Koenig-Ludwig-Haus, Wuerzburg). The median age of these
patients was 64 years and the age ranged from 49 to 77 years.
These patients comprised three men and two women. The
study was approved by the Ethics Committee of the Medical
Faculty, University of Wuerzburg (Wuerzburg, Germany;
approval no. 72/06), and written informed consent was obtained
from all patients. MSCs were isolated according to the methods
of Lee et al (24) by using Ficoll density gradient centrifuga-
tion (30 min; 318 x g; density=1,077 g/ml). After collection
of the cells from the interphase, several washing steps with
phosphate-buffered saline (PBS) (Roche Diagnostics GmbH)
containing 2% fetal calf serum (FCS; Linaris) were performed.
The isolated cells were resuspended in Dulbecco's Modified
Eagle's Medium (DMEM) (Gibco; Thermo Fisher Scientific,
Inc.), supplemented with 10% FCS and 1% penicillin/strep-
tomycin (Sigma-Aldrich; Merck KGaA). After incubation
overnight at 37°C and 5% CO, in DMEM with supplements,
the tissue culture plates were washed to remove residual
non-adherent cells. Every 2 days, the medium was changed.

Cell morphology, surface molecules and differentiation to
osteoblasts and adipocytes were investigated using a fluores-
cence microscope (Leica DMI 4000B inverted microscope;
Leica Microsystems GmbH) and by fluorescence-activated cell
sorting (FACS; FACSCanto; BD Biosciences) according to the
ISCT criteria.

MSC conditioning. MSCs were first seeded on culture plates in
DMEM with the aforementioned supplements and incubated
overnight at 37°C in 21% O, and 5% CO,. Half of the plates
were then incubated in an anaerobic jar (2.5 I; Merck KGaA),
while the other half of the plates were further incubated under
normoxia. One culture plate was removed from each condi-
tion after 3, 6 and 24 h. The supernatant was resuspended,
centrifuged at 47 x g at room temperature for 5 min and frozen
at -20°C for later use in a cytokine assay and FaDu prolifera-
tion analysis. Cells on the plate were trypsinized with 0.25%
trypsin (Gibco; Thermo Fisher Scientific, Inc.), resuspended in
DMEM with supplements and centrifuged at 47 x g at room
temperature for 5 min. The pellets from both centrifugation
steps were resuspended in 500 x1 DMEM with supplements for
both the MSC viability test and cell cycle analysis.

MSC viability test. The number of viable MSCs after
conditioning in the hypoxic chamber was determined using
a Neubauer chamber and the trypan blue exclusion test.
Non-viable cells were stained blue due to cell membrane
defects, and cell viability was assessed in accordance with the
ability of cells to exclude the dye. In total, 3x10* cells per group
were subjected to cytospin centrifugation. Cells accumulated
on a small area on a glass slide by centrifugation at 10,000 x g
at room temperature for 5 min in a cytocentrifuge. The slides
were then stored for 2 h in pure methanol at -20°C. To visualize
cellular DNA, the cells were incubated with 1 ug bisbenzimide
(Sanofi S.A.) per ml of DMSO for three min. Afterwards, MSC
viability was evaluated by counting micronuclei and mitotic
cells using a fluorescence microscope (magnification x400).
The viability test was performed four times.

Cell cycle analysis in MSC. For cell cycle analysis, MSCs were
fixed in ice-cold 70% ethanol at 4°C for 2 h in the dark. Then,
500 ml PI/RNase Staining Buffer (Becton, Dickinson and
Company) was added before the samples were incubated again
at 4°C in the dark for 15 min and immediately examined using
FACS (FACSCanto) and BD FACSDiva software version 5.0.3
(both Becton, Dickinson and Company). The analysis was
performed four times.

MSC supernatant cytokine assay. The dot blot assay (RayBio®
C-Series Human Cytokine Antibody Array C3, Raybiotech,
Inc.) was used as a semiquantitative method to analyze MSC
cytokine secretion. The frozen supernatants of the samples
after 24 h of incubation under normoxia or hypoxia were
thawed at room temperature and investigated for the presence
of cytokines. The assay was performed according to the manu-
facturer's protocol. The membrane was blocked for 30 min at
room temperature and incubated with the sample overnight
at 4°C. After two washing steps of 5 min at room temperature,
the membrane was incubated with the biotinylated antibody
cocktail for 1,5 h at room temperature. After two more



Bzl SPANDIDOS
7] .§, PUBLICATIONS

washing steps of 5 min at room temperature, the membrane
was incubated with HRP-Streptavidin for 2 h at room
temperature. Labeled proteins were observed by enhanced
chemiluminescence using detection buffer and exposure to
X-ray film (Amersham; Cyvita). The X-ray film was scanned
and evaluated using ImagelJ (version 10.2, National Institutes
of Health). The concentrations of the cytokines are represented
as dots with different intensities and sizes.

FaDu cell proliferation analysis. FADu HNSCC cells (25)
were obtained from the American Type Culture Collection.
Cells were cultured in DMEM with the aforementioned
supplements. Every third day, the medium was replaced.
After reaching 70-80% confluence, the cells were trypsinized,
washed with PBS, counted and seeded on culture plates.
In total, of 2x10° FaDu cells per group were incubated on
12 culture plates for 24 h at 37°C in 21% O, and 5% CO,. Six
culture plates each were then incubated in a hypoxic chamber
or under normoxia for an additional 24 h. Two plates each
under hypoxia or normoxia were then incubated with either
fresh DMEM with supplements, MSC/normoxia conditioned
medium or MSC/hypoxia conditioned medium. Cells were
counted electronically using a Casy® Cell Counter and
Analyzer system (Roche Innovatis AG) after 48 and 72 h. The
proliferation analysis was performed three times.

Statistical analysis. All data were transferred to standard
spreadsheets and analyzed using GraphPad Prism version 6.07
software (GraphPad Software, Inc.). Since the effects of
multiple factors were assessed (different degrees of oxygen-
ation in different media for different incubation times),
two-way ANOVA was performed to evaluate statistical signifi-
cance. As a correction for multiple testing, Tukey's multiple
comparison test was performed. P<0.05 was considered to
indicate a statistically significant difference.

Results

MSC viability test. The proportions of MSCs containing
micronuclei after 3, 6 and 24 h under hypoxia were 2.1, 3.0
and 2.4%, respectively, while under normoxia the proportions
were 2.2, 2.4 and 3.4%, respectively. These differences were
not statistically significant (P=0.42 for different incubation
times and P=0.69 for different levels of oxygenation, Fig. 1).
The percentage of mitotic MSCs after 3, 6 and 24 h under
hypoxia were 0.3,0.5 and 0.1%, respectively, while those under
normoxic conditions were 0.2, 0.3 and 0.8%, respectively.
These differences were not statistically significant (P=0.70 for
different incubation times and P=0.34 for different levels of
oxygenation, Fig. 2).

Cell cycle analysis in MSCs. The proportions of MSCs under
hypoxia in the Gy/G,, S and G,/M phases were 93.0, 2.2 and
4.4%, respectively. After 24 h under normoxia, the corre-
sponding proportions were 94.5, 1.8 and 3.4%, respectively.
These differences were not statistically significant (P=0.82 for
different incubation times; Figs. 3 and 4).

MSC supernatant cytokine assay. MSCs released different
cytokines and growth factors responsible for inflammation,
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Figure 1. Proportion of MSCs containing micronuclei after incubation under
hypoxia and normoxia. Between 2.1 and 3.4% of MSCs under hypoxia and
normoxia contained micronuclei. The experiments were independently
performed four times, and the lines on the graph show the arithmetic mean.
The differences were not statistically significant. MSCs, mesenchymal stem
cells.
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Figure 2. Proportion of mitotic MSCs after incubation under hypoxia and
normoxia. The proportion of mitotic MSCs under normoxia and hypoxia
ranged from 0.2 to 0.8%. The experiments were independently performed
four times, and the lines on the graph show the arithmetic mean. The differ-
ences were not statistically significant. MSCs, mesenchymal stem cells.

angiogenesis and chemotaxis (Table I). After MSCs were
cultivated under hypoxia, the supernatant showed weak signals
for interleukin (IL)-2, -3, -4, -5, -8 and -10, the chemokines
monocyte chemoattractant protein-1 (MCP-1), regulated and
normal T cell expressed and secreted and thymus- and acti-
vation-regulated chemokine. Meanwhile, there was a strong
signal for IL-6. After MSCs were cultivated under normoxia,
the supernatant showed a weak signal for MCP-1 and a strong
signal for IL-6 (Fig. 5).

Analysis of FaDu cell viability and proliferation. FaDu cells
were incubated for 48 and 72 h in fresh DMEM with supple-
ments (FaDu-fre), normoxic preconditioned MSC supernatant
(FaDu-nor) and hypoxic preconditioned MSC supernatant
(FaDu-hyp). After 48 h under hypoxia, the viabilities of the
FaDu-fre, FaDu-nor and FaDu-hyp groups were 53.8, 53.3 and
52.7%, respectively. After 48 h under normoxia, the corre-
sponding viabilities were 70.3, 68.0 and 77.2%, respectively.
After 72 h under hypoxia, the viabilities of the FaDu-fre,
FaDu-nor and FaDu-hyp groups were 54.9, 52.8 and 55.0%,
respectively. After 72 h under normoxia, the corresponding
viabilities were 73.6, 73.8 and 67.4%, respectively. These
differences were not statistically significant. After 48 h,
P=0.80 for different media and P=0.004 for different levels of
oxygenation by two-way ANOVA, but the difference for levels


https://www.spandidos-publications.com/10.3892/ol.2020.12092
https://www.spandidos-publications.com/10.3892/ol.2020.12092
https://www.spandidos-publications.com/10.3892/ol.2020.12092

4 WILHELM et al: HYPOPHARYNGEAL CARCINOMA CELLS AND MSCs UNDER HYPOXIA AND NORMOXIA

Cell cycle MSC-1 normoxia Cell cycle MSC-1 hypoxia
B 2 B
= -]
= =k
E P3 -]
s £8]
3 P4 s~
-1 ]
&) ] || o §_:
= T o
B &7
] ) -
LI |l; lllllllllllllll = L) llllllllllllll'
50 100 150 200 250 50 100 150 200 250
Propidium jodide & 1.000) Propidium jodide & 1.000)
Cell cycle MSC-2 normoxia Cell cycle MSC-2 hypoxia
2 g
2 ]
=] P3 i P3
E b4 |pd E.1 LB e
o | o -
3% S &
=] ‘ o
] &
] | ]
= l]l.Ill'lllllllllll]l'll] . ‘l lllllllll]llll'
50 100 150 200 260 50 100 150 200 250
1,000 1,000
Propidium iodide * ) Propidium iodide * )
Cell cycle MSC-3 normoxia Cell cycle MSC-3 hypoxia
8; -]
> P3 ] P3
b1 ” R - 8——
= o 4 = ™~ 4
2 & ? P4 g 3 y P4
] 2] L
-t ©&] \
> - B
-lll |'ll lllllllllllllllll ‘-‘-Il Ilvl I llll'lllll|lll'
50 100 150 200 ggg 50 100 150 200 250
x 1) 1)
Propidium iodide ¢ ) Propidium iodide (x 1.000)
Cell cycle MSC-4 normoxia Cell cycle MSC-4 hypoxia
= g
21 i -] i
g P3 3 P3
= . - e
Eo1 Hpdle S b |P4
S 3 S .7
S Q
] <3
2 \ o
& &
. ] o~
< IIIJLIiI IIIIIIIIIIIIIIIII °_— Ll lllllllll]llll'

50 100 150 200 250 100 150 200 250

Propidium iodide & %9 Propidium fodide & %0

Figure 3. Histograms of the cell cycle analysis for MSCs under hypoxia and normoxia. The histograms on the left side show the cell cycle analysis of MSCs
under normoxia for four repetitions (MSC-1-4), the histograms on the right side show the cell cycle analysis of MSCs under 24 h of hypoxia for four repetitions
(MSC-1-4). The x-axis shows the intercalation of the nucleic acid stain propidium iodide which correlates with the DNA content of the cells, and the y-axis
shows the cell count. P2, G,/G, phase; P3, S phase; P4, G,/M phase; MSCs, mesenchymal stem cells.

of oxygenation was not significant after correction for multiple ~ and P=0.002 for different levels of oxygenation by two-way
testing (data not shown). After 72 h, P=0.85 for different media =~ ANOVA, but the difference for levels of oxygenation was
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Figure 4. Analysis of the cell cycle in MSCs under hypoxia and normoxia.
The proportion of cells in Gy/G,, S and G,/M phase was 93-94%, 2 and 3-4%,
respectively. The experiments were independently performed four times, and
the lines on the graph show the arithmetic mean. The differences were not
statistically significant.
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Figure 5. Cytokine assay conducted with the supernatants of MSCs after
cultivation under hypoxia and normoxia. The supernatant of MSCs under
24 h of hypoxia showed a strong signal for IL-6 and weak signals for several

other cytokines. The supernatant of MSCs under 24 h of normoxia showed a
weaker IL-6 signal. MSCs, mesenchymal stem cells; IL, interleukin.

not significant after correction for multiple testing (data not
shown) (Fig. 6).

After 48 h under hypoxia, the FaDu cell count was
5.7x10°, 4.2x 10° and 5.9x10° for the FaDu-fre, FaDu-nor and
FaDu-hyp groups, respectively. After 48 h under normoxia,
the corresponding cell count was 1.0x10°, 7.1x10° and 9.2x10°,
respectively. After 72 h under hypoxia, the FaDu cell count
was 5.4x10°, 5.9x10° and 5.5x10° for the FaDu-fre, FaDu-nor
and FaDu-hyp groups, respectively. After 72 h under normoxia,
the corresponding cell count was 1.9x10°, 1.5x10% and
1.2x10°, respectively. These differences were not statistically
significant (after 48 h, P=0.48 for different media, P=0.047 for
different levels of oxygenation by two-way ANOVA, but these
differences were not significant after correction for multiple
testing; after 72 h, P=0.52 for different media, P=0.001 for
different levels of oxygenation by two-way ANOVA, but these
differences were not significant after correction for multiple
testing; Fig. 7).

Discussion

Human MSCs could serve as a drug-delivery system because
they can be recruited by injured, inflamed or tumorous
tissue (26). Their simple isolation from various tissues,
the possibility of their ex vivo expansion, their multipotent
differentiation potential and their ability to evade the immune
system allows the use of human MSCs in an allogeneic setting,
thus in a genetically different individual (26). Thus, MSCs
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have already been tested as carriers for viral vectors in gene
transfer in vitro and in vivo (27,28). However, a hazard of this
method is possible integration of the viral genome into the host
genome, which can induce insertional mutagenesis and thus
oncogene activation (29,30).

The effects of MSCs on tumors are divisive because
the cellular interactions are barely understood. On the one
hand, MSCs were shown to enhance the metastatic potential
of breast cancer cells and migrate into the tumor stroma
as tumor-associated fibroblasts, thereby promoting tumor
invasion (31,32). On the other hand, MSCs can also have
antitumorigenic effects, as they have been shown to inhibit
the growth of Kaposi's sarcoma in vivo and liver cancer cell
proliferation in vitro (16,33). A possible explanation for these
discrepancies could be the non-standard use of MSCs of
different origins, and their standardization would be useful for
purification and allow improved characterization of MSCs (6).
Another reason for these differing results could be the hetero-
genic characteristics of MSCs. According to Pevsner ez al (34),
MSCs exhibit variability in their phenotypes, including their
proliferative capacity, expression of cell surface markers and
ability to secrete cytokines. This heterogenicity could explain
discrepancies in the aforementioned results, such as varying
concentrations of secreted cytokines in the cytokine assay or
in each repetition of the analysis of FaDu cell viability and
proliferation at 48 and 72 h.

The interaction of tumor cells and MSCs is largely
determined by the tumor microenvironment (35). One key
aspect in this regard is tumor hypoxia, which is the reason for
the limited success of oncological treatment, as hypoxic intra-
tumoral areas exhibit decreased levels of chemotherapeutic
agents and radiation resistance compared with normoxic
areas (3). An important hypoxic marker is the transcription
factor hypoxia-inducible factor, which stimulates the malig-
nant progression of tumors and is the origin of physiological
and pathological adaptations. An example for such adaptions
is the neoangiogenesis, which promotes further tumor growth
and facilitates the metastatic spread of tumor cells (36). The
response of MSCs to hypoxic conditions, however, is contro-
versial, as both damaging and restorative effects have been
observed (37). For example, a short-time effect of hypoxia
on MSCs is apoptosis (38), while MSCs display enhanced
proliferation long-time exposure to hypoxia (39). The inter-
action of tumor cells and MSCs under hypoxia is rarely
examined. Recently, MSCs were shown to promote tumor cell
proliferation after conditioning in hypoxic media (40).

The results of the present study demonstrated that MSCs
can influence tumor cell proliferation and that oxygenation
plays a crucial role in this context. MSCs showed no signifi-
cant differences in viability after incubation under normoxic
and hypoxic conditions. Micronuclei, an indicator for
chromosomal damage (41), tended to be more frequent after
incubation under normoxia for longer periods, but the number
of micronuclei declined under hypoxia. The proportion of
cells undergoing mitosis, an indicator of proliferation (42),
was lower after 24 h of hypoxia compared with after 24 h of
normoxia, but the differences were not statistically significant.
This result provides initial insight into the limited survival
conditions of MSCs under hypoxia. However, cell cycle anal-
ysis did not indicate any differences between normoxic and
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Table I. Cytokine assay map.

A B C D E F G H I J K L
1 + + - - ENA-78 G-CSF GM-CSF GRO GRO-oa 1-309 IL-loo IL-1P
2 + + - - ENA-78 G-CSF GM-CSF GRO GRO-a 1-309 IL-loo IL-1B
3 IL-2 IL-3 IL-4 IL-5 IL-6 IL-7 IL-8 IL-10 IL-12  IL-13 IL-15 IFN-y
4 1IL-2 IL-3 IL-4 IL-5 IL-6 IL-7 IL-8 IL-10 IL-12  IL-13 IL-15 IFN-y
5 MCP-1 MCP-2 MCP-3 M-CSF MDC MIG MIP-16 RANTES SCF SDF-1 TARC TGF-f1
6 MCP-1 MCP-2 MCP-3 M-CSF MDC MIG MIP-16 RANTES SCF SDF-1 TARC TGF-p1
7 TNF-a TNF-fp EGF IGF-1 ANG OSM THPO VEGF PDGF  Leptin - +
8 TNF-a TNF-f EGF IGF-1 ANG OSM THPO VEGF PDGF  Leptin - +

The map shows the cytokines detected in the supernatants of MSCs under hypoxia and normoxia. Each element in the table represents a
chemiluminescence signal in Fig. 5. The signal intensity corresponds to the cytokine concentration. MSCs, mesenchymal stem cells;
ENA, epithelial-derived neutrophil-activating protein; G-CSF, granulocyte-colony stimulating factor; GM-CSF, granulocyte-macrophage
colony-stimulating factor; GRO, growth-regulated oncogene; I-309, inflammatory cytokine 309; IL, interleukin; IFN, interferon; MCP, mono-
cyte chemoattractant protein; M-CSF, macrophage colony-stimulating factor; MDC, macrophage-derived chemokine; MIG, monokine induced
by gamma interferon; MIP, macrophage inflammatory protein; RANTES, regulated and normal T cell expressed and secreted; SCF, stem cell
factor; SDF, stromal cell-derived factor; TARC, thymus and activation regulated chemokine; TGF, tumor growth factor; TNF, tumor necrosis
factor; EGF, epidermal growth factor; IGF, insulin-like growth factor; ANG, angiogenin; OSM, oncostatin M; THPO, thrombopoietin; VEGF,
vascular endothelial growth factor; PDGF, platelet-derived growth factor.
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Figure 6. Viability of FaDu cells in preconditioned medium at different time
points. (A) After 48 h, the viability of FaDu cells in preconditioned medium
ranged from 52.7 to 53.8% under hypoxia and from 68.0 to 77.2% under
normoxia. The differences were not statistically significant. (B) After 72 h,
the viability of FaDu cells in the preconditioned media ranged from 52.8 to
55.0% under hypoxia and from 67.4 to 73.8% under normoxia. The differ-
ences were not statistically significant. All experiments were independently
performed four times, and the lines on the graph show the arithmetic mean.
Fre, fresh Dulbecco's Modified Eagle's Medium with supplements; Hyp,
hypoxic preconditioned MSC supernatant; Nor, normoxic preconditioned
MSC supernatant; MSCs, mesenchymal stem cells.

hypoxic MSCs. The use of preconditioned MSC supernatants
had an impact on the viability and proliferation of FaDu cells.
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Figure 7. Proliferation of FaDu cells in preconditioned medium after (A) 48 h
and (B) 72 h. (A) After 48 h, the FaDu cell count was between 4.2x10° and
5.9x10° under hypoxia and between 7.1x10° and 1.0x10° under normoxia.
The differences were not statistically significant. (B) After 72 h, the FaDu
cell count was between 5.4x10° and 5.9x10° under hypoxia and between
1.2x10° and 1.9x10° under normoxia. The differences were not statistically
significant. All the experiments were independently performed four times,
and the lines on the graph show the arithmetic mean. Fre, fresh Dulbecco's
Modified Eagle's Medium with supplements; Hyp, hypoxic preconditioned
MSC supernatant; Nor, normoxic preconditioned MSC supernatant.

Such effects were not detected in tumor cells incubated under
hypoxia, as their survival was limited, and the cells under
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all three conditions reached the same level of proliferation.
Under normoxia, however, the FaDu cell viability and cell
count were increased in hypoxic preconditioned medium. This
implied that beneficial factors like cytokines were secreted
by MSCs incubated under hypoxia. After 24 h, more cells in
the FaDu-hyp group lost this survival benefit, and those in the
FaDu-nor group exhibited increased proliferation. This could
indicate that the benefits of the cytokines are short-lived. A
limitation of these results is the relatively small sample size,
which is why it would be useful to validate these analyses
with a larger sample size. An additional limitation is that the
temporal aspect was not examined for an incubation of the
MSC:s for >24 h, and for FaDu cells for >72 h. These aspects
would be interesting to investigate in further studies.

The cytokine assay identified high levels of IL-6 in the
preconditioned MSC media. IL-6 was increased in patients
with head and neck carcinomas compared to individuals in
the control group (43). IL-6 is a multifunctional regulator of
the immune response and hematopoiesis that can directly
influence the proliferation and invasion potential of head and
neck cancer cells (44). One study detected platinum resistance
mediated by IL-6 in ovarian cancer cells (45). A conceivable
mechanism for this resistance is the paracrine influence of
tumor cells by their secretion of this cytokine, as proposed by
Scherzad et al (46) in their work on the paclitaxel resistance of
HLaC78 tumor cells (47). Additionally, other ILs and cytokines
secreted by MSCs promote tumor growth in different solid
tumors and hematological malignancies (17,48). For example,
in the conditioned medium of MSCs, periostin was found to
promote the proliferation of head and neck cancer cells (49).
On the other hand, IL-1p from the conditioned medium of
FaDu cells mediates a proinflammatory and possibly protu-
morigenic response in MSCs (50).

Another clinically relevant effect of MSCs on tumor cells
is their interaction with the immune system. As a result of
interplay between different molecular mechanisms, such as
the expression of surface antigens like Programmed cell death
1 ligand 1, or the secretion of cytokines, MSCs can disturb the
proper interaction of lymphocytes with tumor cells and facili-
tate immune escape, that is the avoidance of recognition and
attack by the immune system (51). The cytokine transforming
growth factor B, for instance, plays a crucial role in tumor
progression by exerting immunosuppressive effects in the
tumor microenvironment (52). However, these immunosup-
pressive mechanisms could be reversed in vitro by activating
lymphocytes with aminobisphosphonates (53). Preoperative
administration of IL-12 led to the intratumoral accumulation
of natural killer cells in patients with HNSCC, suggesting
stimulation of the immune response against the tumor.
Patients, irrespectively of IL-12 treatment, with a high number
of natural killer cells in the primary tumor had a better overall
survival than those with a low number (54). Likewise, targeted
elimination of MSCs could provide a tool to eliminate their
protumorigenic effects (48), for example genetic modification
of MSCs which produce retroviral vectors could serve as an
approach to disrupt tumor growth by inducing apoptosis (55).

These and further promising results focus on MSCs as
candidates for targeted tumor therapy. The results of this work
provide further evidence of the role of MSCs in influencing
the proliferation of tumor cells under hypoxia and normoxia.
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