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Human mesenchymal stem cells enhance cancer cell
proliferation via IL-6 secretion and activation of ERK1/2
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Abstract. Human mesenchymal stem cells (hMSC) are
frequently used in tissue engineering. Due to their strong
tumor tropism, hMSC seem to be a promising vehicle for
anticancer drugs. However, interactions between hMSC and
cancer are ambiguous. Particularly the cytokines and growth
factors seem to play an important role in cancer progression
and metastasis. The present study evaluated the effects of
hMSC on head and neck squamous cell carcinoma (HNSCC)
cell lines (FaDu and HLaC78) in vitro. hMSC released several
cytokines and growth factors. FaDu and HLaC78 showed a
significant enhancement of cell proliferation after cultivation
with hMSC-conditioned medium as compared to control. This
proliferation improvement was inhibited by the addition of
anti-IL-6. The western blot showed an activation of Erk1/2 in
FaDu and HLaC78 by hMSC-conditioned medium. HNSCC
cell lines expressed EGFR. The current study confirms the
importance of cytokines secreted by hMSC in cancer biology.
Especially IL-6 seems to play a key role in cancer progres-
sion. Thus, the use of hMSC as a carrier for cancer therapy
must be discussed critically. Future studies should evaluate
the possibility of generating genetically engineered hMSC
with, for example, the absence of IL-6 secretion.

Introduction

Human mesenchymal stem cells (hMSC) are undifferenti-
ated cells capable of self-renewal and proliferation (1). Under
certain conditions hMSC are able to differentiate into diverse
mesenchymal cell types, e.g., osteocytes, adipocytes and
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chondrocytes (2). Due to their ability to migrate as well as the
capability to differentiate, h(MSC play an important role in the
preservation and re-creation of tissue integrity. Inflammation
and tissue damage are strong chemoattractants for hMSC,
similar to the recruitment of leucocytes into inflamed tissue
sites (3-5). Tissue-specific homing of leukocytes depends on
cytokines, tissue-specific adhesion molecules, and homing
receptors (6). Von Liittichau and colleagues demonstrated
functional expression of several chemokine receptors on
primary isolated hMSC (7).

Cancer tissue exhibits similar cytokine patterns as inflamed
tissue (8). Hence, there is a strong tropism of hMSC towards
tumors (9). Furthermore, hMSC integrate into the tumor
directly and build parts of the cancer microenvironment (9,10).
Thus, several studies have suggested that hMSC would be an
appropriate biological carrier, for example, for drug delivery
therapy (11,12).

However, interactions between hMSC and cancer are
ambiguous. Some studies show tumor progression and
enhancement of the tumor metastatic potential by hMSC.
This progression is induced by cell-cell contact as well as
by the secretion of several cytokines and growth factors
by hMSC such as interleukin-6 (IL-6), epidermal growth
factor (EGF), vascular epidermal growth factor (VEGF),
insulin-like growth factor (IGF)-1 or transforming growth
factor (TGF)-f in a paracrine manner (13-18). Some of
these, especially EGF and IL-6, may play an important
role in tumor progression and metastasis. The activation of
mitogen-activated protein kinase (MAPK) pathways was
shown to play an important role in cytokine-induced tumor
progression (19,20). MAPK pathways link extracellular
signals to the machinery that controls fundamental cellular
processes (21). Especially the extracellular signal-regulated
kinase (ERK)1/2 is activated by growth factors, which in turn
is responsible for cell proliferation, differentiation, apoptosis
and migration (21).

In a previous study, we were able to show an increase
in tumor proliferation as well as motility in the presence of
hMSC. Cancer cell lines showed resistance towards paclitaxel
after co-cultivation with hMSC (18,22). The aim of the present
study was to evaluate whether hMSC induce an activation of
the MAPK pathway in vitro. Furthermore, the effect of IL-6
on cell proliferation was also investigated.
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Materials and methods

hMSC isolation and culture. The cells were harvested and
prepared from 5 voluntary patients with written informed
consent from the Department of Orthopedics, Koenig-Ludwig-
Haus. The study was approved by the Ethics Committee of the
Medical Faculty of the University of Wuerzburg (12/06). Bone
marrow was collected under aseptic conditions and cells were
isolated according to the protocol described by Lee er al (23).
Ficoll density-gradient centrifugation was used in order
to isolate hMSC (30 min, 1,300 rpm, density=1,077 g/ml,
Biochrom AG, Berlin, Germany). After collection of the cells
from the interphase, a washing step with phosphate buffered
saline (PBS) (Roche Diagnostics GmbH, Mannheim, Germany)
containing 2% FCS followed. After centrifugation the cell pellet
was resuspended in expansion medium (DMEM-EM), which
was made of Dulbecco's modified Eagle's medium (DMEM)
(Gibco Invitrogen, Karlsruhe, Germany) containing 10% FCS
(Linaris, Wertheim-Bettingen, Germany), 1% penicillin and
streptomycin (Sigma-Aldrich, Schnelldorf, Germany). Cells
were incubated for 24 h at 37°C and 5% CO,. The medium
was changed every other day. The morphology of hMSC was
analyzed by inverted microscopy (Leica DMI 4000B Inverted
Microscope, Leica Microsystems, Wetzlar, Germany).

Multidifferentiation capacity. Osteogenic differentiation
was carried out in a 24-well plate (BD Falcon, Heidelberg,
Germany) with 1x10* cells/well until 70% confluence was
reached. The expansion medium DMEM-EM additionally
contained 107 M dexamethasone, 10 M B-glycerophosphate
and 24 M ascorbate-2-phosphate (all Sigma-Aldrich). The
von Kossa method was used to show the presence of calcium
mineral components. Adipogenic differentiation medium was
made of DMEM-EM containing 10”7 M dexamethasone and
10 g/ml recombinant human insulin (both Sigma-Aldrich).
Staining with Oil Red O confirmed the presence of intra-
cellular lipid droplets.

For chondrogenic differentiation the pellet culture system
was used. The cell pellets were cultured in a defined chon-
drogenic differentiation medium (Lonza, Basel, Switzerland)
supplemented with 10 g/ml transforming growth factor-f33
(Sigma-Aldrich). Cells were cultivated for 3 weeks. Thereafter,
the pellets were embedded in Optimal Cutting Temperature
Paraffin (Tissue-Tek® O.C.T™; Sakura Finetek, Zoeterwoude,
The Netherlands). Cryosections were stained with Alcian blue
to show the presence of glycosamineglycane.

Expression of cell surface markers. Flow cytometry was used
in order to confirm surface antigen markers. hMSC (1x10)
were incubated with anti-CD105, anti-CD90, anti-CD44 and
anti-CD34 (all antibodies were purchased from BD Bioscience,
Heidelberg, Germany). Cell surface analyses were performed
by flow cytometry (FACSCanto™; BD Bioscience).

HNSCC cell line FaDu and HLaC78. The head and neck
squamous carcinoma cell lines FaDu and HLaC78 were
used (24,25). Cells were grown in DMEM-EM and cultured
at 37°C with 5% CO, in culture flasks. Every other day the
medium was replaced. After reaching 70-80% confluence
cells were trypsinized with 0.25% trypsin (Gibco Invitrogen),
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washed with PBS and seeded in new flasks or treatment
wells. Experiments were performed using cells in the expo-
nential growth phase. FaDu and HLaC78 were incubated
with the supernatants of hMSC (hMSC-sup). The following
experiments were carried out in order to evaluate the effects of
cytokines released by hMSC on FaDu and HLaC78.

Cytokine analysis of hMSC-sup with the dot blot assay. The
dot blot assay (RayBiotech Inc., Norcross, GA, USA) was
used as a semi-quantitative method for determining hMSC
cytokine secretion. After an incubation period of 48 h in
DMEM without supplements, the supernatants were collected
and investigated for the presence of cytokines. The assay was
performed according to the manufacturer's protocol. The
labeled proteins were observed by enhanced chemilumines-
cence using detection buffer and exposure to X-ray film. The
cytokines were represented as dots with different intensity
and growth size.

Quantitative analysis of IL-6 by ELISA. Supernatants of
hMSC were collected. IL-6 concentration was measured
using the ELISA kit human IL-6 (Disclose SAS, Besancon
Codex, France). All experiments were investigated in
duplicate. The plate was read at 450 nm (Titertek Multiskan
PLUS; Labsystems, Helsinki, Finland). IL-6 concentration
(pg/ml) was ascertained by creating a standard curve using
recombinant IL-6. DMEM without supplements served as
the control.

Cell proliferation analysis. Cells (2x10%) (FaDu and HLaC78)
were incubated with hMSC-sup at 37°C with 5% CO, for
4 days, while electronically counting the cell number each day
(Casy® Technologies, Innovatis AG, Reutlingen, Germany).
DMEM-EM served as the control (n=5).

Simultaneously, the effect of IL-6 on cell proliferation
was evaluated by using the MTT assay. Cells were seeded at
a density of 1x10* in a 96-well rounded bottom plate. After an
incubation period of 24 h in DMEM-EM, hMSC-sup +/- anti-
IL-6 500 ng/ml (R&D Systems, Wiesbaden-Nordenstadt,
Germany) cells were washed with PBS. Then all plates were
incubated with 100 ul of MTT solution (1 mg/ml) followed
by 5 h of incubation at 37°C with 5% CO,. After removal of
MTT, 100 pl of isopropanol was added for 1 h at 37°C with 5%
CO,. The plate was read at a wavelength of 570 nm (Titertek
Multiskan) (n=5).

Total RNA extraction, cDNA synthesis and real-time PCR.
The expression of EGFR in FaDu and HLaC78 were inves-
tigated as follows: According to the manufacturer's protocol,
the TRIzol method was used in order to extract total RNA
from cells. Next, the extracted total RNA was reverse tran-
scribed to cDNA. For the quantification of gene expression,
the SYBR Green PCR master mix kit (Applied Biosystems,
Foster City, CA, USA) was used. The EGFR primer was
purchased from Applied Biosystems (forward primer
5'-GCGTTCGGCACGGTGTATAA-3" and reverse primer
5'-GGCTTTCGGAGATGTTGCTTC-3"). The conditions for
gene amplification were as follows: 50°C for 2 min; 95°C for
10 min, and 40 cycles at 95°C for 15 sec and 60°C for 1 min. As
an endogenous control, the GAPDH gene was used.
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Figure 1. (A) Microscopic investigation of hMSC cultured in DMEM-EM. (B) hMSC cultivated in adipogenic medium was stained with Oil Red O. The
intracellular lipid droplets are visible as a sign of adipogenic differentiation. (C) Microscopic analysis of hMSC treated with osteogenic medium for 3 weeks.
The van Kossa staining shows mineralized nodule formation by hMSC. (D) Representative example of hMSC differentiated into chondrocytes. The Alcian

blue staining reveals the presence of glycosaminoglycans.

Western blotting. Cells (FaDu and HLaC78) were harvested
by trypsinization and dissolved in RIPA buffer (PBS,
containing 1% NP40, 0.5% sodium deoxycholate and 0.1%
SDS), supplemented with 10 pg/ml phenylmethanesulfonyl
fluoride (PMSF). Protein concentration was then determined.
Equal amounts of total protein lysates were loaded on a 10%
SDS-polyacrylamide gel and transferred by electroblotting to
a polyvinylidene difluoride membrane. Blots were blocked for
1 h at room temperature with TBST (10 mM Tris, 150 mM
NaCl, 0.05% Tween-20, pH 8.0), containing 5% nonfat dry
milk. Afterwards, the membrane was incubated with primary
antibody ERK1/2 (Cell Signaling Technology, Beverly, MA,
USA) overnight at 4°C. Subsequently, the membrane was
washed and incubated with a species-specific IgG secondary
antibody for 1 h to visualize the specific bindings. The protein
expression was detected with a chemiluminescence system
(ECL, Amersham Biosciences, Freiburg, Germany), according
to the manufacturer's protocol.

Statistical analysis. All data were transferred to standard
spreadsheets. Differences between groups were examined for
significance by the Kruskal-Wallis test using GraphPad Prism
6.0 statistics software (GraphPad Software, Inc., San Diego,
CA, USA). Differences were considered statistically signifi-
cant when the P-value was <0.05.

Results
hMSC morphology and differentiation capability. hMSC

exhibited a fibroblast-shaped morphology. They were able to
differentiate into chondrocytes, adipocytes and osteocytes,
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Figure 2. Flow cytometric analysis of the hMSC surface marker. The flow
cytometric histograms reveal the expression of CD90, CD73 and CD44 by
hMSC. It further shows the absence of CD34.

which were confirmed by Alcian blue, Oil Red O and van Kossa
staining. The flow cytometric analysis revealed the presence of
typical surface markers. hMSC were positive for CD105, CD90
and CD44, and negative for CD34 (Figs. 1 and 2).

HNSCC cell line morphology before and after cultivation
with hMSC-sup. Morphology of FaDu and HLaC78 was
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Table I. Cytokines map.
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+ + - - ENA-78 GCSF GM-CSF GRO GRO-a 1-309 IL-1o IL-1B
+ + - - ENA-78 GCSF GM-CSF GRO GRO-a 1-309 IL-1o IL-1B
IL-2 IL-3 IL-4 1IL-5 IL-6 1L-7 IL-8 IL-10 1L-12 IL-13 IL-15 IFN-y
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Figure 3. Cytokine assay of hMSC cultivated with DMEM without supple-
ments. After 24 h the cytokines were measured using the dot blot assay. 1x10
hMSC released various types of cytokines which are responsible for angio-
genesis, inflammation and growth. To unscramble the different dots, a table 0 ('} ; 5 :'5 :‘
included in the manufacturer's protocol was used (see Table I). Days
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Figure 4. Supernatants of hMSC were collected and investigated for the
presence of IL-6. The ELISA method was used. hMSC in monolayer culture
released 260 pg/ml IL-6. DMEM without supplements served as the control.
IL-6 in DMEM was not detected.

evaluated before and after cultivation with hMSC-sup for
48 h. Microscopy revealed no differences in cell morphology
between each group for both cell lines.

Cytokine secretion by hMSC. The dot blot assay was used to
evaluate different cytokines in the hMSC supernatants. h(MSC
supernatants contained a variety of cytokines responsible for
pro- and anti-inflammation, chemotaxis, angiogenesis and

Figure 5. The effect of hMSC on cell proliferation was analyzed by cell
counting. In a 24-well plate HNSCC cell lines FaDu and HLaC78 were
cultured with hMSC-sup. Each day the cell number was counted. FaDu and
HLaC78 cultured in DMEM-EM served as the control.

growth factors. The dots of the following cytokines had a
strong intensity: interleukin (IL)-3; IL-6, IL-8, IL-10, Growth
regulated oncogene (GRO), GRO-a, Monocyte chemotactic
protein (MCP)-1, Macrophage colony-stimulating factor, Stem
cell factor, Tumor necrosis factor (TNF)-a and OncostatinM
(Fig. 3 and Table I).

Quantitative analysis of IL-6. The secretion of IL-6 was quan-
tified with the ELISA method. hMSC in monolayer culture
released 260 pg/ml IL-6. DMEM without supplements as
control did not contain IL-6 (Fig. 4).

Effects of hMSC on HNSCC proliferation +/- anti-IL-6. The
cultivation of FaDu and HLaC78 with hMSC-sup induced a
significant enhancement of cell proliferation compared to
cultivation in DMEM-EM. The MTT assay confirmed the
results of the cell counting. FaDu and HLaC78 showed a
significant enhancement of cell proliferation. The impact of
IL-6 on cell proliferation was investigated by the addition of
anti-IL-6 into hMSC-sup. Anti-IL-6 induced the inhibition
of cell proliferation. FaDu and HLaC78 showed a reduction
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Figure 6. The IL-6-dependent increase in cell proliferation was examined by cell cultivation of FaDu and HLaC78 with hMSC-sup +/- anti-IL-6. The MTT
assay was used to investigate the influence of IL-6 on cell proliferation. After the addition of anti-IL-6 the proliferation enhancement was blocked.
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Figure 7. The EGF receptor expression on FaDu and HLaC78 was investi-
gated using rt-PCR. Values are expressed using the AACt method. HLaC78
were shown to express almost 2-fold more EGFR than FaDu.

in cell proliferation compared to cultivation with hMSC-sup
without anti-IL-6 (Figs. 5 and 6).

Expression of EGFR in HNSCC. GFR gene expression was
assessed by real-time PCR in FaDu and HLaC78. Values
were expressed using the AACt method to derive relative fold
change. Both cell lines were positive for EGFR expression.
The EGFR expression was almost 2-fold more in HLaC78
compared to FaDu (Fig. 7).

Activation of ERK1/2.The expression of ERK1/2 and the corre-
sponding phosphorylated protein in FaDu and HLaC78 was
investigated with the western blotting. Western blot analysis
revealed expression of ERK1/2 as well as its phosphorylated
protein after cultivation in hMSC-sup. The cultivation in
DMEM-EM revealed total absence of the phosphorylated
protein (Fig. 8).

Discussion
Solid tumors are embedded into a complex microenvironment,

which includes several types of non-malignant cells, malignant
cells as well as extracellular matrix. On one hand, cytokines

p-ERK1/2

.e
ERK1/2...
=

DMEM-E
FaDu +
hMSC-sup
HLaC 78 +
hMSC-sup

Figure 8. The expression levels of ERK1/2 and the phosphorylated ERK1/2
(P-ERK1/2) were examined by western blot analysis in FaDu and HLaC78
treated with hMSC-sup. The western blotting showed the expression of
ERK1/2 in FaDU and HLaC78 after cultivation in DMEM-EM as well as in
hMSC-sup. P-ERK1/2 was present only in cells cultivated with hMSC-sup.

produced by tumor cells alter the gene expression of stromal
cells and their phenotypical properties. On the other hand, the
cancer cells release growth factors, cytokines and proteases
which enhance tumor growth (26,27). Cancer and stroma
interact in an autocrine as well as paracrine manner. This
implies the symbiotic relationship between cancer and cancer
surrounding stroma. Several cytokines responsible for inflam-
mation and angiogenesis are elevated in the serum of patients
with HNSCC compared to the control group (28). IL-6, a multi-
functional regulator of immune responses and hematopoiesis,
influences the proliferation and invasion potential of head and
neck cancer directly (29). IL-6 regulates a complex network
of cytokines responsible for inflammation, growth factors as
well as angiogenic proteins which lead to malignant and inva-
sive tumor growth (30). In the current study, the cultivation
of the HNSCC cell lines FaDu and HLaC78 with hMSC-sup
resulted in proliferation enhancement of tumor cells. The dot
blot of hMSC-sup revealed the secretion of various cytokines
and growth factors by hMSC. The dots of several cytokines,
especially IL-6, had a strong intensity.
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The addition of anti-IL-6 counteracted these pro-mitotic
effects of hMSC-sup. In the current study, a significant
attenuation of HNSCC cell proliferation in the culture system
treated with anti-IL-6 compared to cells treated with hMSC-
sup was detected. This is an indirect marker for the impact
of IL-6 on cancer progression. Furthermore, IL-6 can be
responsible for the development of resistance towards anti-
cancer drugs such as cisplatin (31). This was achieved by an
increased expression of the cellular inhibitor of apoptosis 2
(cIAP-2) via IL-6. The effect was reversible by the addition
of anti-IL-6 and anti-cIAP-2.

In the current study, the proliferation enhancement of
FaDu and HLaC78 was induced via activation of ERK1/2.
The Erk1/2 pathway is a critical signal transduction pathway
in the mitogen-activated protein kinase family, and is closely
associated with tumorigenesis and tumor progression (32).
Erk1/2 targets different molecules that are responsible for
cell growth, survival, adhesion, motility and differentia-
tion (32,33). The activation of ERK1/2 via hMSC seems to be
crucial for cell proliferation. IL-6 was shown by Shi et al to
stimulate tumor growth by activation of Ras, Raf, MEK, and
Erkl and 2 (34). IL-6 induces different intracellular signaling
cascades, e.g. JAK-STAT, MAPK and PI3K (35,36).

In malignant mammary carcinoma the activation of
Erk1/2 has been associated with a poor prognosis (20). Due
to their ability to be recruited by damaged tissues, inflam-
mation and cancer, hMSC have been discussed as being a
very promising vehicle for cancer treatment. However, many
studies in this area do not consider the interactions between
stem cells and cancer. There are studies showing a tumori-
genic effect of hMSC (13,15,18), as well as reports on cancer
inhibition by hMSC (37,38).

Karnoub et al were able to show that hMSC enhanced
the metastatic potential of breast carcinoma cells by de novo
secretion of RANTES, which represents a potent cytokine
responsible for cancer cell motility, invasion and migra-
tion (13). The dot blot assay revealed the secretion of RANTES
by hMSC. In a previous study by our group, the enhancement
of cancer cell motility was demonstrated (22). Co-injection
of hMSC and breast cancer cells resulted in cancer progres-
sion (15).

One important issue in cancer progression is the ability
of hMSC to integrate into tumor stroma and differentiate
into cancer-associated fibroblasts (CAF) (10,39,40). Long-
term co-culture of hMSC with cancer supernatants resulted
in a differentiation of hMSC into myofibroblasts (41). These
CAF (differentiated hMSC) are able to release cytokines
responsible for cancer growth and matrix remodeling (42).
Furthermore, CAF are able to express proteins involved in
lactate absorption, lactate oxidation and reduced glucose
absorption (43). CAF sustain cancer cell survival by buff-
ering and recycling products of anaerobic metabolism (43).
Cancer-associated fibroblasts are involved in the initiation of
cancer invasion (44).

In contrast to studies showing the tumor-supporting
potential of hMSC, there are also studies indicating anti-
cancer effects: As shown by Khakoo, the inhibition of Kaposi
sarcoma was induced via suppression of Akt protein kinase
by hMSC.
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Qiao et al demonstrated inhibition of human hepatoma cell
lines via the Wnt signaling pathway (37). Zhu et al presented
the DKK-1 (dickkopf-1) protein as a negative regulator of
the Wnt signaling pathway (38). In a study conducted by
Qiao et al hMSC inhibited cancer cell growth by secretion of
DKK-1 (45). The reason for these contradictory findings may
be explained by the use of different stem cell sources as well
as different donor ages. Thus, the use of stem cells as a carrier
for cancer therapy must be critically discussed. A possible
solution may be the use of genetically engineered stem cells
with, for example, the absence of IL-6 secretion. Therefore, a
challenging future mission will be to identify an optimal stem
cell with enhanced tumor tropism and highly anti-tumorigenic
potential.
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