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Abstract. Human mesenchymal stem cells (hMSCs) have 
been applied therapeutically in numerous clinical trials. The 
pro-angiogenic effects of hMSCs, as well as their strong 
tumor tropism, have been shown both in vitro and in vivo. 
Some studies suggest using hMSCs as potential drug-carriers 
for tumor therapy. In previous investigations by our group, the 
pro-tumorigenic effects of hMSCs on head and neck squamous 
cell carcinoma (HNSCC) were shown. However, the influence 
of hMSCs on tumor vascularization as well as the possibility 
of its inhibition are yet to be elucidated. The cytokine patterns 
of the HNSCC cell line FaDu, native hMSCs (hMSCs-nat), 
hMSCs differentiated into adipocytes (hMSCs-adip) and 
osteocytes (hMSCs-ost) were evaluated. Human umbilical 
vein endothelial cells (HUVECs) were co-cultured with FaDu 
cells, hMSCs-nat, hMSCs-adip and hMSCs-ost. The capillary 
tube formation assay was applied. Furthermore, the migra-
tion capability of hMSCs-nat, hMSCs-adip and hMSCs-ost 
towards FaDu cells was measured in a Transwell system. 
Spheroids were cultured from hMSCs-nat, FaDu cells and 
DiI-labeled HUVECs. FaDu cells, hMSCs-nat, hMSCs-adip 
and hMSCs-ost released a wide range of cytokines and growth 
factors, e.g., IL-6, IL-8, IL-10, GRO and MCP. In the capillary 
tube formation assay, HUVECs generated significantly longer 
tubes after co-cultivation with hMSCs-nat as compared to 
HUVECs alone and FaDu. Differentiation into adipocytes and 
osteocytes counteracted the tube formation. The adipogenic 
differentiation did not alter hMSC motility, whereas osteo-
genic differentiation significantly inhibited hMSC migration. 
Generation of multi-cellular spheroids from hMSCs-nat, FaDu 
cells and DiI-labeled HUVECs was possible. Florescence 

microscopy revealed that all HUVECs were present in the 
spheroid core. Taken together, hMSCs-nat have a pro-angio-
genic effect. The effects are counteracted by the differentiation 
of hMSCs towards osteogenic and adipogenic lineages. The 
differentiation of stem cells into different lineages may be a 
promising solution to generating carriers for cancer therapy 
without pro-tumorigenic properties.

Introduction

Normal and pathological tissue growth depends on sufficient 
angiogenesis. Especially in cancer development, neoangiogen-
esis plays a key role. During cancer progression two different 
phases of cancer nutrition can be distinguished. At the begin-
ning of cancer development, nutrition is supplied by diffusion. 
At a critical tumor volume of 1-2 mm3, diffusion is no longer 
sufficient (1). Further tumor progression requires a vascular 
network, which is induced by tumor cells via cytokines and 
growth factors. This phenomenon is called the ‘angiogenic 
switch’ (2). During tumor progression, the tissue behaves like an 
inflamed wound (3). Hence, the migration of several cell types, 
including human mesenchymal stem cells (hMSCs), is induced. 
The latter is even equipped with a pro-angiogenic capability. In 
a study conducted by Kinnaird et al, hMSCs released several 
cytokines responsible for angiogenesis, e.g., vascular endothe-
lial growth factor (VEGF), placental growth factor (PIGF) and 
monocyte chemoattractant protein-1 (MCP-1) (4). Further cyto-
kines were detected in hMSC-conditioned medium, especially 
interleukin 6 (IL-6) (5), which is a multifunctional cytokine 
responsible for immune response as well as hematopoiesis (6,7).

hMSCs are self-renewing multipotent cells with the 
ability to differentiate into various mesenchymal cell types, 
e.g., osteoblasts, chondrocytes and adipocytes (8). Recent data 
indicate that hMSCs are pericytes whose pleiotropic nature 
allows them to sense and respond to inflammatory processes 
in their microenvironment (9). The migratory behavior of 
systemically administered hMSCs enables new therapeutic 
options, especially in the field of drug delivery. Myers et al 
found that hMSCs have been therapeutically applied in more 
than 200 active clinical trials worldwide (9). However, using 
hMSCs as a drug-carrier for cancer therapy is complicated, 
since data concerning cancer and hMSC interaction are contra-
dictory. On the one hand, there are studies postulating tumor 
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progression and enhancement of tumor metastatic potential by 
hMSCs via cell-cell contact as well as via secretion of cyto-
kines and growth factors (10-12). On the other hand, reports 
on the anti- tumorigenic effects of hMSCs exist as well (13,14). 
Different sources of stem cells with variable differentiation 
status may contribute to the divergent results. The aim of the 
present study was to investigate the cytokine patterns of the 
HNSCC cell line FaDu, native hMSCs (hMSCs-nat), hMSCs 
differentiated into adipocytes (hMSCs-adip) and osteocytes 
(hMSCs-ost). Furthermore, the migration capabilities as 
well as the angiogenic effects of hMSCs-nat, hMSCs-adip 
and hMSCs-ost were evaluated in a co-culture with human 
umbilical vein endothelial cells (HUVECs).

Materials and methods

hMSC isolation and culture. hMSCs were isolated from five 
voluntary patients undergoing surgery at the Department of 
Orthopedics, Koenig-Ludwig-Haus (Wuerzburg). Informed 
consent was provided by all patients. The study was approved by 
the Ethics Committee of the Medical Faculty of the University 
of Wuerzburg (12/06). Ficoll density gradient centrifuga-
tion (30 min, 1,300 rpm, density, 1,077 g/ml; biochrom AG, 
berlin, Germany) was performed as previously described (15). 
After centrifugation, cells in the interphase were collected. 
Several washing steps with phosphate-buffered saline (PbS) 
(Roche Diagnostics GmbH, Mannheim, Germany) containing 
2% fetal calf serum (FCS) (Linaris, Wertheim-bettingen, 
Germany) followed. The cells were resuspended in 
Dulbecco's modified Eagle's medium (DMEM) containing 
10% FCS, 1% penicillin and streptomycin (Sigma-Aldrich, 
Schnelldorf, Germany). Flow cytometry (FACSCanto™; bD 
bioscience, Heidelberg, Germany) was performed to show 
the characteristic surface markers of hMSCs. Furthermore, 
osteogenic and adipogenic differentiation was carried out as 
described previously (16). Osteogenic medium consisted of 
expansion medium (DMEM-EM) supplemented with 10-7 M 
dexamethasone, 10-3 M β-glycerophosphate and 2-4 M 
ascorbate-2-phosphate (all from Sigma-Aldrich). Adipogenic 
differentiation medium was prepared by the addition of 10-7 M 
dexamethasone and 10-9 g/ml recombinant human insulin (all 
from Sigma-Aldrich) to DMEM-EM. Osteogenic differentia-
tion was confirmed by Alizarin Red staining and adipogenic 
differentiation by Oil Red O staining.

HUVEC isolation and culture. HUVECs were isolated 
from human umbilical veins of three voluntary patients via 
0.25% trypsin (Gibco Invitrogen, Karlsruhe, Germany) diges-
tion. First, the umbilical vein was washed in D-Hank's solution. 
Next, a 10-min perfusion with a 0.25% trypsin solution at 37˚C 
followed. The enzyme reaction was blocked by addition of 
FCS. After a centrifugation step at 1,000 rpm for 15 min, the 
cells were cultured in endothelial cell growth medium with 
supplements (ECGM) (Provitro GmbH, berlin, Germany) and 
1% penicillin/streptomycin.

HNSCC cell line FaDu. The head and neck squamous carci-
noma (HNSCC) cell line FaDu was used (17). The cultivation 
of the FaDu cells was performed in DMEM-EM at 37˚C with 
5% CO2. Medium was replaced every other day.

Generation of multi-cellular spheroids. HUVECs were labeled 
with the fluorochrome 1,1'-dioctadecyl-3,3,3',3'-tetramethy-
lindo-carbocyanine perchlorate (DiI) (Gibco Invitrogen). 
The generation of multi-cellular spheroids was performed as 
described previously (16). After solidification of 0.1% soft agar 
(Sigma-Aldrich) in a 96-multiwell plate, 0.2 ml DMEM-EM 
containing 3x103 FaDu cells and 3x103 HUVECs or 2x103 
FaDu, 2x103 HUVECs and 2x103 hMSCs-nat were added.

Cytokine analysis of FaDu cells, hMSCs-nat, hMSCs-adip 
and hMSCs-ost with the dot blot assay. The dot blot assay 
(Raybiotec Inc., Norcross, GA, USA) is a semiquantitative 
method for investigating the cytokine secretion of cells. FaDu 
cells, hMSCs-nat, hMSCs-ost and hMSCs-adip were cultured 
in DMEM without supplements. Next, the supernatants 
were collected and analyzed for the presence of cytokines. 
The assay was performed according to the manufacturer's 
protocol. The observation of labeled cytokines was achieved 
via enhanced chemiluminescence using detection buffer and 
exposure to an X-ray film. The cytokines are represented as 
dots with different intensity and growth size.

hMSC migration towards FaDu cells. The migration assay 
was assessed in Transwells (Corning Incorporated Costar, 
Wiesbaden, Germany), which were coated with 50% Matrigel 
(Sigma-Aldrich). hMSCs-nat, hMSCs-adip or hMSCs-ost 
were coated on the top surface of the membrane and incubated 
with DMEM without FCS for 24 h at 37˚C with 5% CO2. A 
total of 5x104 FaDu cells was added to the bottom of the well 
plate, followed by another incubation period for 24 h. A cotton 
swab was used to remove the non-migratory cells on the upper 
membrane. The migrated cells, which collected on the lower 
surface of the membrane, were stained with 1% crystal violet 
(Sigma-Aldrich) for 25 min. Another washing step with aqua 
destillata followed. The cells were detached by incubation with 
500 µl 10% acetic acid for 20 min. Extinction was measured 
at 570 nm using a multi-plate reader (Titertek Multiskan 
Plus MKII; Labsystems, Helsinki, Finland). The migration 
of hMSCs towards DMEM-FCS served as the control. The 
results of the control group were defined as 100%.

Capillary tube formation assay. hMSCs-nat, hMSCs-adip 
and hMSCs-ost were incubated on the bottom of µ-Slide 
Angiogenesis (Ibidi, Munich, Germany) for 2 h. Next, 
50% Matrigel (Sigma-Aldrich) was added to the top of each 
cell system. After 30 min, 3x103 DiI-labeled HUVECs were 
coated on the Matrigel with ECGM. After 12 h, the tube 
formation was evaluated by inverted microscopy (Leica DMI 
4000b inverted microscope; Leica Microsystems, Wetzlar, 
Germany). The tube length was measured using ImageJ soft-
ware (http://imagej.nih.gov/ij/).

Cultivation of hMSCs-nat on Matrigel. A total of 50% Matrigel 
was added to the bottom of 48-well plates for 30 min. After 
solidification, 104 hMSCs-nat were added and cultured with 
DMEM-EM. After 72 h, the cells were observed by inverted 
microscopy.

Statistical analysis. All data were transferred to standard 
spreadsheets. Differences between groups were examined 
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for significance by the Kruskal-Wallis test using GraphPad 
Prism 6.0 statistics software (GraphPad Software, Inc., San 
Diego, CA, USA). P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

hMSC morphology and differentiation. The hMSCs showed 
typical spindle-shaped structures. Cells were positive for 
CD105, CD90 and CD44, and negative for CD34. The differ-
entiation into adipocytes was confirmed by Oil Red O staining 
with typical intracellular lipid vacuoles. The osteogenic 

differentiation was shown with Alizarin Red staining. The 
extracellular calcium deposits were stained red (Fig. 1).

Morphology of the spheroids. There was no difference in 
spheroid growth from the FaDu and HUVECs as compared 
to the spheroids from the FaDu cells, hMSCs-nat and 
HUVECs. Spheroids had a well-shaped structure. The mean 
diameter of the spheroids from the FaDu and the HUVECs 
was 383.4 µm. The mean diameter of the spheroids from the 
FaDu, hMSCs-nat and HUVECs was 405.6 µm. The differ-
ences between both groups were not statistically significant. 
Fluorescence microscopy revealed that almost all HUVECs 

Figure 1. (A) Spindle-shaped hMSCs cultured in DMEM-EM. (b) hMSCs cultivated in osteogenic medium. The Alizarin Red staining was carried out to 
demonstrate the success of osteogenic differentiation. (C) hMSCs cultivated in adipogenic medium. The intracellular lipids were visualized by Oil Red 
O staining. (D) Cell surface markers were investigated by flow cytometric analysis. hMSCs were positive for CD90, CD73 and CD44 and negative or weakly 
positive for CD34.
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were located in the core of the spheroids. There were only 
very few HUVECs observed in the circumference (Fig. 2).

Cytokine analysis of hMSCs-nat, hMSCs-adip, hMSCs-ost 
and FaDu cells. FaDu cells, hMSCs-nat, hMSCs-adip and 
hMSCs-ost released different cytokines and growth factors 
responsible for inflammation, angiogenesis and chemo-

taxis (Table I). Dots of the following cytokines had a strong 
intensity in the FaDu cells: interleukin (IL)-3, IL-8, IL-10, 
growth regulated oncogene (GRO)-α, RANTES, macrophage 
colony-stimulating factor (MCSF), oncostatin M and tumor 
necrosis factor (TNF)-α.

Dots of the following cytokines had a strong intensity in 
hMSCs-nat: IL-3, IL-6, IL-8, IL-10, GRO, GRO-α, monocyte 
chemotactic protein (MCP)-1, MCSF, RANTES, TNF-α and 
oncostatin M.

Dots of the following cytokines had a strong intensity 
in the hMSCs-adip: IL-3, IL-6, IL-8, IL-10, GRO, GRO-α, 
MCP-1, MCSF, RANTES, TNF-α, TNF-β, oncostatin M, 
platelet-derived growth factor (PDGF)-bb and leptin.

Dots of the following cytokines had a strong intensity in 
the hMSCs-ost: IL-3, IL-6, IL-8, C-X-C motif chemokine 5, 
GRO, GRO-α, MCP-1, MCSF, RANTES, TNF-α, TNF-β, 
angiogenin, oncostatin M, PDGF-bb and leptin (Fig. 3).

Migration of hMSCs-nat, hMSCs-adip and hMSCs-ost 
towards FaDu cells. The migration assay was conducted 
in order to evaluate the differences between hMSCs-nat, 
hMSCs-adip and hMSCs-ost. The results of the control group 
(migration towards DMEM + 10% FCS) were defined as 100%. 
hMSCs-nat showed a significant enhancement in migration by 
52% towards the FaDu cells. The differentiation of hMSCs 
into adipocytes (hMSCs-adip) did not counteract the migra-
tion enhancement as noted in the hMSC-nat.

The differentiation of hMSCs into osteocytes (hMSCs-ost) 
attenuated the migration capability significantly as compared 
to the migration of hMSC-nat and hMSC-adip. However, there 
were no significant differences between hMSCs-ost and the 
control group (Fig. 4).

Capillary tube formation assay on Matrigel. HUVECs formed 
tube-like structures on the Matrigel, and the lengths of these 
tubes were measured with ImageJ software. In co-culture with 
hMSCs-nat, HUVECs developed significantly longer tube-like 
structures as compared to the HUVECs alone or co-cultured 
with the FaDu cells. The formation of tube-like structures 
was counteracted by the co-cultivation with hMSCs-adip 
and hMSCs-ost. The tube length was significantly attenuated 
after the co-cultivation of the HUVECs with hMSCs-adip or 
hMSCs-ost. The lengths as well as the ability to build tube-like 
structures were negatively affected (Fig. 5).

Cultivation of hMSCs-nat on Matrigel. After the cultivation 
of hMSCs-nat on Matrigel, some of the cells took the shape of 

Figure 2. (A) Spheroids generated from FaDu cells and DiI-labeled HUVECs. 
(b) Spheroids generated from FaDu cells, hMSCs-nat and DiI-labeled 
HUVECs. The labeled HUVECs were visualized by fluorescence micros-
copy. Almost all HUVECs were located in the center of the spheroids. (C) In 
both groups, the diameter of the spheroids was measured with ImageJ soft-
ware. The diameters in each group did not differ significantly.

Table I. Array map.

  + + - - ENA-78 GCSF GM-CSF GRO GRO-α I-309 IL-1α IL-1β
  + + - - ENA-78 GCSF GM-CSF GRO GRO-α I-309 IL-1α IL-1β
IL-2 IL-3 IL-4 IL-5 IL-6 IL-7 IL-8 IL-10 IL-12 IL-13 IL-15 IFN-γ
IL-2 IL-3 IL-4 IL-5 IL-6 IL-7 IL-8 IL-10 IL-12 IL-13 IL-15 IFN-γ
MCP-1 MCP-2 MCP-3 MCSF MCD MIG MIP-1d RANTES SCF SDF-1TA RC TGF-β1
MCP-1 MCP-2 MCP-3 MCSF MCD MIG MIP-1d RANTES SCF SDF-1TA RC TGF-β1
TNF-α TNF-β EGF IGF-1 Angogenin Oncostatin M Thrombopoietin VEGF PDGF-bb Leptin - +
TNF-α TNF-β EGF IGF-1 Angogenin Oncostatin M Thrombopoietin VEGF PDGF-bb Leptin - +
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a spheroid. From these spheroids tube-like structures sprouted 
out. The length of the tube-like structures was not significantly 
higher as compared to the HUVECs (Fig. 6).

Discussion

The induction of angiogenesis is one of the six hallmarks of 
cancer as proposed by Hanahan and Weinberg. It differs signif-
icantly in tumors compared to normal physiological processes. 
In cases such as wound healing or female reproductive cycling 
the angiogenesis process is turned on transiently, whereas in 
cancer progression the so-called ‘angiogenic switch’ is acti-

vated permanently (18). In addition to nutrition and oxygen 
supply, neovascularization is a prerequisite for cancer cells 
to circulate and induce metastasis (19). Furthermore, tumor 
vasculature may be a reason for cancer therapy failure. The 
vessels can be leaky and arranged chaotically (20). The cancer 
vasculature system is abnormal with heterogeneous perfusion 
areas, with the poorly perfused regions not being reached 
by anticancer drugs (21). This may lead to cancer resistance 
towards anticancer drugs. In the process of angiogenesis, 
interactions between tumor cells with the non-malignant tumor 
stroma are fundamental. Cytokines and growth factors such as 
VEGF, fibroblast growth factors (FGF), angiopoietin (Ang)-1 
and Ang2, IL-6 and IL-8 are all part of the orchestration (22). 
The dot blot assay revealed the presence of these proteins in the 
present study. hMSCs as well as FaDu cells were able to release 
cytokines and growth factors. Cancer and stroma interact by 
direct cell-cell contact as well as by soluble factors, which 
implies their symbiotic relationship. In tissue engineering, 
especially in cardiology and the regeneration of cardiomyo-
cytes, hMSCs have already demonstrated their pro-angiogenic 
features. These effects were mediated via secretion of cyto-
kines such as VEGF, angiopoietin, SDF-1 or integrin-linked 
kinase (23-25). In ischemia studies, hMSCs showed their 
pro-angiogenic effect, which was resolved via expression of 
hypoxia inducible factor-1α (26,27). The cultivation of hMSCs 
on Matrigel revealed capillary-like formation. The potential 
of hMSCs to build capillary networks was shown by several 
other groups (28-30). The generation of this capillary network 
was induced in the presence of VEGF and insulin-like growth 
factors. These results demonstrate the direct involvement of 
hMSCs in angiogenesis by forming capillary-like structures.

Cancer treatment must target several aspects of the tumor 
including the tumor microenvironment. Here, anti-angiogenic 

Figure 3. Dot blot assay of (A) FaDu cells, (b) hMSCs-nat, (C) hMSCs-adip and (D) hMSCs-ost cultivated with DMEM without supplements. After a period 
of 24 h, the cytokine release was investigated. In order to identify the different dots, a table included in the manufacturer's protocol was used (Table I). 
hMSCs-nat, FaDu cells, hMSCs-adip and hMSCs-ost released several cytokines.

Figure 4. A Transwell system was used to evaluate the migration of 
hMSCs-nat, hMSCs-adip and hMSCs-ost towards FaDu cells. The results 
of the control group (migration towards DMEM + 10% FCS) were defined 
as 100%. The migration of hMSCs-nat and hMSCs-adip was enhanced 
significantly as compared to the control and hMSCs-ost. The osteogenic dif-
ferentiation counteracted hMSC migration towards the FaDu cells. This was 
52% more than the migration towards DMEM-EM. The differentiation of 
hMSCs into osteocytes significantly counteracted the migration capability.
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medications have recently gained popularity for the treatment 
of several tumor entities (31-33). However, targeted tumor 

therapy requires an appropriate vehicle, and hMSCs show 
strong tumor tropism. Thus, hMSCs are often considered to be 

Figure 5. The HUVEC tube formation assay was used to investigate the 
angiogenic effects of hMSCs-nat, hMSCs-adip, hMSCs-ost and FaDu cells. 
The lengths of the tubes were measured with ImageJ software. (A) HUVECs 
co-cultured with hMSCs-nat. (b) HUVECs co-cultured with FaDu cells. 
(C) HUVECs cultured alone on Matrigel. (D) HUVECs co-cultured with 
hMSCs-adip. (E) HUVECs co-cultured with hMSCs-ost. The formation of 
tube-like structures was counteracted by co-cultivation with hMSCs-adip 
and hMSCs-ost. (F) The tube length was significantly attenuated after the 
co-cultivation of HUVECs with hMSCs-adip or hMSCs-ost.

Figure 6. hMSCs cultured on Matrigel. (A) The hMSCs-nat showed 2-dimensional as well as 3-dimensional growth behavior. (B) Higher magnification of a 
3-dimensional spheroid. From these spheroids tube-like structures sprouted out.
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an adequate candidate for tumor therapy (34-36). Yet, the data 
in the literature concerning the applicability of hMSCs are 
divergent. The majority of the studies show a pro-tumorigenic 
effect of hMSCs. These effects are induced in various different 
ways. zhang et al demonstrated an induction of autophagy and 
thereby an enhancement of cancer cell survival (37). Jung et al 
demonstrated an induction of epithelial-mesenchymal tran-
sition by hMSCs, with a consecutive enhancement of the 
metastatic potential of cancer cells (38). Cancer growth was 
shown to be promoted by cytokine secretion from hMSCs 
such as oncostatin M secretion (39). Cytokines appear to be 
primarily responsible for cancer progression and metastasis.

In the minority of studies, cancer inhibition by hMSCs was 
described. In a study conducted by Chen et al, hMSCs derived 
from placenta were transfected with recombinant adenovi-
ruses expressing pigment epithelium-derived factor (PEDF), 
and these hMSCs were able to inhibit melanoma cell growth. 
This anticancer activity was discussed to be the result of PEDF 
expression (40). Li et al demonstrated inhibition of gastric 
cancer cells by hMSCs derived from human foreskin (41).

The divergent results in the current literature may be due to 
the use of hMSCs from different sources as well as the donor's 
age. Nevertheless, hMSCs as a vehicle for cancer therapy have 
been used in various studies (42-44), particularly as an engi-
neered vehicle administered via viral transfection. In a study 
conducted by Martinez-Quintanilla et al engineered hMSCs 
were able to co-express the pro-drug converting enzyme 
as well as the herpes simplex virus thymidine kinase (HSV-TK) 
and a potent and secretable variant of tumor necrosis factor 
apoptosis-inducing ligand (S-TRAIL). Via these capabilities 
caspase-mediated cancer cell death was inducted (44). Other 
studies used retroviral transfection of hMSCs with promising 
results (45,46). However, such viral vectors may have risk 
factors, e.g., integration into the host chromosomes. Thus 
non-viral transfected hMSCs or native hMSCs with antitumor 
properties may be the perfect candidates for tumor-targeted 
therapy.

The present study revealed a pro-angiogenic effect of 
hMSCs-nat. Interestingly, the differentiation of hMSCs coun-
teracted the pro-angiogenic effects as well as their migration 
capability. The cause of this phenomenon needs to be investi-
gated to ascertain an alteration of the hMSC cytokine pattern 
during differentiation. Counteracting the pro-angiogenic 
effects of hMSCs may be suitable for the generation of a ‘safe 
vehicle’ for future targeted tumor therapy.
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