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Abstract
Objectives Cancer progression is influenced by tumor micro-
environment and communication of stromal cells and tumor
cells. Interactions may enhance epithelial-mesenchymal tran-
sition (EMT) of tumor cells through signaling proteins such as
Wnt/beta-catenin and matrix metalloproteinases (MMP), as
well as loss of cellular integrity, which affects invasion, pro-
gression, and metastasis of head and neck squamous cell
carcinoma (HNSCC). In this study, we are testing the hypoth-
esis that interactions of human mesenchymal stromal cells
(MSCs) with HNSCC might influence the expression of
markers of EMT and tumor progression by co-culturing hu-
man MSC with the PCI-13 HNSCC line.
Materials and methods Pooled MSCs were derived from the
iliac bone marrow of seven patients and co-cultured in
transwell permeable membrane wells with tumor cells of the
established HNSCC cell line PCI-13 (UICC: T3, N1, M0).
MSCs were characterized through fluorescence-activated cell
sorting (FACS) analysis. Expression of Wnt3, E-cadherin,
beta-catenin, MMP14, cathepsin b, and ETS1 was assessed
by quantitative RT-PCR.
Results We were able to show that co-culture of MSCs and
PCI-13 leads to a significantly reduced expression of Wnt3,
MMP14, and beta-catenin compared to controls, whereas the
expression of cathepsin b and ETS1 was not significantly
different between co-cultures and controls.

Conclusion Our results suggest that the interaction between
MSCs and PCI-13 may suppress EMT in cancer cells.
Clinical relevance The influence of MSCs can suppress the
onset of EMT in HNSCC, affecting tumor progression and
therapy.
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Introduction

In recent years, the tumor microenvironment and the commu-
nication between stromal cells and tumor cells have been
identified as important factors in cancer progression. Several
cross-talk routes between tumor cells and stromal cells are
known to activate specific signaling pathways [1].
Carcinoma-associated fibroblasts (CAFs) have been evaluated
as elements of the extracellular environment of tumors. Ex-
perimental evidence suggests that interactions of CAF/
mesenchymal stromal cell (MSC) and tumor cells are found
at the invasive edge of cancer, affecting tumor transition,
invasive transformation, and progression [2]. Recent in vitro
studies have shown an effect of MSCs on the proliferation of
human cancer cells [3, 4]. This may become clinically relevant
if reconstructive procedures are considered through tissue-
engineered constructs after ablative surgery for malignant
diseases. Unfortunately, little is known about the signaling
pathways through whichMSCs may influence tumor progres-
sion [5, 6].

One pathway of possible interactions may involve
epithelial-mesenchymal transition (EMT) through signaling
proteins such as Wnt/beta-catenin and matrix metalloprotein-
ases (MMPs). Together, with the loss of E-cadherin, they are
considered to affect tumor invasion, progression, and metas-
tasis of head and neck squamous cell carcinomas (HNSCC)
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[7–10]. The deregulation of the Wnt/beta-catenin signaling
pathway during EMT inhibits the adenomatous polyposis coli
(APC)/glycogen synthase kinase 3 (GSK3) complex, which is
involved in the degradation of beta-catenin, leading to a
further increase of beta-catenin activity [11]. Nuclear transi-
tion of beta-catenin, moreover, increases the transcription of
proteolytic enzymes like membrane-type MMP14 [12, 13].
Finally, MMP14 can promote tumor growth and invasive
proliferation in vitro and in vivo and has also been found to
be expressed in CAF of HNSCC [14, 15]. During this process
of EMT, invasive tumor cells lose their epithelial cell polarity,
morphology, and acquire mesenchymal as well as stemness-
related features [16].

Besides the system of Wnt/beta-catenin and MMPs, other
factors such as ETS1, a transcriptional factor which regulates
critical functions in normal cell homeostasis, can contribute to
tumor progression through effects on downstream target genes
in EMT [17, 18]. Moreover, proteolytic enzymes like cathep-
sins can affect cancer progression by irreversibly cleaving
peptide bonds and facilitating tissue penetration [19, 20].
Cathepsin b is frequently overexpressed in both cancer cells
and the tumor stroma [21], favoring cell invasion into adjacent
tissue and leading to poor prognosis in case of overexpression
[22, 23]. An inhibition of cathepsin b can successfully stall liver
tumor cell invasion and metastasis through the reduction of the
proteinases activity and EMT [24]. However, little is known
about the influence of cathepsin b and ETS1 in HNSCC.

The current knowledge suggests that MSCs can affect
cancer progression through interaction with HNSCC tumor
cells on a number of pathways. It was thus the aim of this
study to test the hypothesis that interactions of human MSCs
with the HNSCC cell line PCI-13 affect the expression of
markers of EMT and tumor progression such as Wnt3, beta-
catenin, MMP14, E-cadherin, cathepsin b, and ETS1.

Material and methods

Isolation of human MSC

The isolation of human MSCs from iliac bone marrow of
seven patients, aged between 8 and 58 years, was carried out
in accordance with the patients’ informed consent and accord-
ing to the guidelines and approval of the local ethics commit-
tee (no. 15/10/01). None of the patients was known to have
infections, cancers, chronic diseases or any generalized bone
marrow or connective tissue diseases. The isolation of MSC
was performed using density gradient centrifugation for
20 min at 800g. The light band forming between lymphocyte
and erythrocyte band was separated, and the cells acquired,
washed, and centrifuged for 5 min at 300g. The number of
cells was determined, and the cell suspension was plated onto
75-cm2 tissue culture flasks. Non-adherent cells were

removed by the first medium change after 24 h. Single colo-
nies of adherent fibroblast-like cells were first visible after
72 h of cultivation. All cultivations were performed at 37 °C
and 5 % CO2.

Cultivation of human MSC

MSC were cultured in basal medium consisting of high glu-
cose Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 1 % non-essential amino acids, 1 % β-
mercaptoethanol, 2 % gentamicin, and 10 % fetal bovine
serum. When adherent cells reached approximately 80–90 %
confluence, they were washed with phosphate-buffered saline
(PBS), trypsinized, and centrifuged for 5 min at 250g. The
cells were plated at a density of 1×104 cells/cm2. Mesenchy-
mal and hematopoetic cluster antigens were evaluated by
means of flow cytometry. The MSC isolates were then pooled
and transferred into co-culture (passage 2).

Flow cytometric analysis of human MSC

Trypsin/EDTA- treated cells (0.25 %) (passage 2) were
washed twice wi th f luorescence -ac t iva ted ce l l
sorting (FACS) buffer (PBS, 1 % BSA, and 0.1 % NaN3),
adjusted to approximately 5×105 cells/ml and subsequently
stained. A 100-μl cell suspension was incubated with 10 μl
phycoerythrin (PE)-conjugated monoclonal antibodies
(mAbs) at 4 °C for 30 min. To discriminate human MSCs
from cells of hematopoietic origin, isolates were stained for
CD133 and CD45. In addition, the following antigens were
included into the phenotyping profile: CD105, CD90, CD73,
and STRO-1. All samples were filled up to a total volume of
500 μl with FACS buffer prior to analysis. Cells were ana-
lyzed on a Cytomics FC 500 flow cytometer using cytomics
CXP software (Beckman Coulter, Krefeld, Germany). At least
10000 events were acquired and analyzed using a one-
parametric protocol (FL1) and FSC/SSC dot plot diagram to
exclude cell debris by gating. Non-specific isotype-matched
controls were used to determine background fluorescence. All
mAbs were purchased from Becton Dickinson (Heidelberg,
Germany).

Cultivation of human HNSCC cell line PCI-13

Cryopreserved tumor cells of the established HNSCC cell line
PCI-13 (UICC: T3, N1, M0) [25, 26] were thawed, resus-
pended, and cultured in tumor medium consisting of low
glucose DMEM supplemented with 10 % fetal bovine serum
and 2 % gentamicin. Adherence of the cells was observed
within 24 h. After reaching 80–90 % confluence, cells were
transferred into co-culture.
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Indirect co-culture and proliferation analysis of MSC
and PCI-13

PCI-13 and MSC co-culture was conducted using Thincert®
permeable membrane cell culture inserts in six-well plates
(Greiner Bio-One). MSC were seeded onto the insert mem-
brane. PCI-13 culture was performed on the well floor. All
cells were cultured in tumor medium. MSC and PCI-13
monolayer controls were performed in the insert or well floor,
respectively. All analyses were carried out in three indepen-
dent experiments per experimental group (n=3) on sampling
days 4 and 7. Proliferation of PCI-13 and MSC was deter-
mined by automatic cell count (CASY model TT, triplicate
measurement) using electric impedance measurement.

RT-qPCR analysis of MSC and PCI-13

MSC and PCI-13 cultured via indirect co-culture were collected
at different time points (4 and 7 days), washed twice with PBS,
and total RNAwas isolated using a standardized RNA Isolation
Kit (RNeasy®Mini Kit, Qiagen) according to themanufacturer’s
recommendations. Samples were treated with DNAse-I to re-
move genomic DNA contamination and purified using phenol-
chloroform extraction. Samples were precipitated, washed in
75% ethanol, resuspended in 50μl RNase-free water, and stored
at −80 °C. RNA quality was determined by the use of
microfluidic electrophoresis (Agilent 2100 Bioanalyzer, Agilent
Technologies). The RNA concentrations were determined by
measuring the absorbance at 260 and 280 nm. In addition,
sample quality was assured using electrophoresis (Agilent 2100
Bioanalyzer) according to the manufacturer’s recommendations.
Samples of 200 ng RNAwere reverse-transcribed using iScript
cDNASynthesis Kit (Bio-Rad). Aliquots of 5μl from the reverse
transcriptase reactions were used for amplification of transcripts
using primers specific for Wnt3, E-cadherin, beta-catenin,
MMP14, cathepsin b, ETS1, andGAPDH (Table 1). All samples
were stored at −80 °C for further analysis. For relative cDNA
quantification, the Bio-Rad MyIQ® real-time PCR Detection
Systemwith the Bio-Rad iQ® SYBRGreen Supermix was used.
PCR quantification was carried out after denaturation for 30 s at
98 °C, followed by amplification and measurement for 45 cycles
of 1-s denaturation at 94 °C, 15-s annealing at 60 °C, and 10-s
elongation at 72 °C. Electrophoretic separation of PCR products
was carried out on 1.5 % (w/v) agarose gels and 0.7 ng/ml
ethidium bromide. No additional signals were observed for all
PCR products.

Statistical analysis

The detected cell count triplicates of each observation day
were averaged for both PCI-13 cells and MSC. For the RT-
qPCR, relative expression ratios were determined via the
mathematical model for relative quantification by Pfaffl [27].

After log2-transformation, differences in cell proliferation and
gene expression were identified by a two-way ANOVAmodel
using the open source software “R.” The level of significance
was set to 5 %.

Results

Immunophenotypic characterization of MSC from bone
marrow

The isolated MSCs showed a distinct phenotypic population
(>90 % homogeneous in passage 2). To further characterize the
isolated cells, CD surface antigen marker expression was ana-
lyzed by means of flow cytometric measurement (Fig. 1). The
MSC isolates were negative for CD45 (leukocyte common
antigen) and CD133 (prominin-1), indicating that they were not
of hematopoietic origin. Analysis for CD90 (thymocyte differ-
entiation antigen-1, Thy-1) and the matrix receptor CD105
(endoglin, SH2) revealed strong expression. The cells expressed
reduced levels of CD73 (5′-nucleotidase) and STRO-1.

Proliferation and expression of ETS1 and cathepsin b

PCI-13 and MSCs showed a continuous proliferation with an
increasing cell number during the observation time. No sig-
nificant effect on proliferation was observed, when the two
cell types were co-cultured (Fig. 2a, b). The expression of
cathepsin b was significantly increased over time in PCI-13
cells in both co-cultures and controls (p<0.05, Fig. 3a). The
expression was lower in co-cultured PCI-13 cells when com-
pared to the controls, however not significant. The expression
of cathepsin b in MSCs did not change over time in neither of
the groups. The expression of ETS1 exhibited a slight but non-
significant decrease in PCI-13 cells in both types of culture.

Table 1 Primers used during RT-qPCR

Gen Forward primer 5′–3′ Size (bp)
Reverse primer 5′–3′

Wnt3 5′-GGC TGT GAC TCG CAT CATAA-3′ 245
5′-CAG CAG GTC TTC ACC TCA CA-3′

E-cadherin 5′-CGG AGA AGA GGA CCA GGA CT-3′ 185
5′-GGT CAG TAT CAG CCG CTT TC-3′

Beta-catenin 5′-GAA ACG GCT TTC AGT TGA GC-3′ 166
5′-CTG GCC ATATCC ACC AGA GT-3′

MMP14 5′-GAG CTC AGG GCA GTG GATAG-3′ 172
5′-GGTAGC CCG GTT CTA CCT TC-3′

Cathepsin b 5′-AGA ATG GCA CAC CCTACT GG-3′ 212
5′-TGC ATT TCTACC CCG ATC TC-3′

ETS1 5′-ACA AGC CTG TCATTC CTG CT-3′ 187
5′-TTC CTC TTT CCC CAT CTC CT-3′

GAPDH 5′-GAG TCA ACG GAT TTG GTC GT-3′ 185
5′-GAC AAG CTT CCC GTT CTC AG-3′
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ETS1 expression did not change in both groups of MSC
cultures (Fig. 3b).

Expression of EMT markers

Among the markers of EMT, E-cadherin displayed a signifi-
cantly reduced level in PCI-13 cells co-cultutred with MSC
after 7 days of cultivation in comparison to the control group
(p<0.05, Fig. 4a). This reduction of E-cadherin was accom-
panied by a significant reduction of Wnt3 expression in PCI-
13/MSC co-culture (p<0.05, Fig. 4b). In accordance with the
decrease in Wnt3, beta-catenin expression was found to be
reduced in PCI-13 under co-culture influence with MSC in
comparison to the control (Fig. 5a). In addition, the reduced
influence of beta-catenin on transcription was associated with

a significantly decreased expression of MMP14 in PCI-13
cells under co-culture conditions with MSCs (p<0.05,
Fig. 5b). In contrast to PCI-13 cells, MSCs did not display
significant changes in any of themarkers of EMT (E-cadherin,
Wnt3, beta-catenin, nor MMP14) in co-culture or control
groups indicating that MSCs retained their profile without
being influenced by co-cultured PCI-13.

Discussion

CAFs, MSCs, and tumor cells are often found at the invasive
edge of cancer, affecting tumor transition, transformation, and
progression [2, 28]. MSCs are considered to provide a pro-
genitor reservoir for CAFs and thereby influence cancer

Fig. 1 A representative flow
cytometric analysis of isolated
MSCs is shown. Isotype-matched
human antibody control staining
is depicted in light red. The
specific markers are shown in
light blue
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progression [3, 4]. The present study thus evaluates possible
interactions between MSCs and the HNSCC cell line PCI-13,
which may contribute to invasiveness and progression of head
and neck cancer. An indirect co-culture model of transwell
cultures has been chosen to limit the analysis to paracrine
communication between MSCs and PCI-13 cells. MSC and
PCI-13 showed a continuous cellular increase during the
observation time with no significant effect with respect to
enhancement or suppression in indirect co-culture and control
groups. Previous studies have reported contradictory results
with the presence of MSCs favoring tumor growth of adeno-
carcinomas and tumors of mesenchymal origin [29], whereas
others have found inhibitory effects of MSCs on the

proliferation of breast cancer cells [30], hepatocellular cancer
cells [4], myeloic leukemia cells [31], or HNSCC of the tonsils
[32]. It thus appears that malignant tumors of different origins
react differently in co-culture with MSCs in in vitro settings.

One of the interactions that may enhance tumor invasion,
progression, and metastasis of HNSCC is EMT. During EMT,
the loss of E-cadherin is associated with the loss of epithelial
polarity features [16, 1]. In our study, the expression of E-
cadherin was significantly reduced during the observation
period in PCI-13 cells co-cultured with MSCs. This may
indicate an enhancing effect of MSCs on the onset of EMT
in HNSCCs. In addition, E-cadherin expression has been
found to correlate with the degree of dedifferentiation where

Fig. 2 Proliferation of PCI-13 (a)
and MSC (b) in transwell (TW)
co-culture and control group

Fig. 3 Expression of cathepsin b (a) and ETS1 (b) in PCI-13 and MSC transwell (TW) co-culture and control group (*p≤0.05)
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the least differentiated tumors showed reduced expression of
E-cadherin [33]. However, while the loss of E-cadherin at the
invasion stage seems to be critical for the detachment of tumor
cells, its expression is heterogenic and can increase in different
parts of the same tumor [34]. Moreover, a physiological
downregulation of E-cadherin takes place during wound
healing, allowing epithelial cells to move and cover injured
tissue [35]. This process can be facilitated and enhanced in the
presence of MSC [36]. Thus, in consideration of these diverse
patterns of E-cadherin expression, the loss of E-cadherin in
tumor cells may not be exclusively related to the onset EMT
[37].

Tumor progression at the invasive front is influenced by
beta-catenin allowing for an EMT dedifferentiation and a
subsequent redifferentiation with regain of epithelial

capabilities [38]. Beta-catenin is influenced by the interaction
with E-cadherin and has been found to be reduced in our study
as another marker of EMT. In the oral epithelium, beta-catenin
links E-cadherin to the cytoskeleton. A reduction in E-
cadherin would therefore be associated with a decrease in
beta-catenin. The clinic-pathological significance of beta-
catenin expression in whole tumor sections from HNSCC
patients is controversial. While in some studies beta-catenin
expression independently predicted short overall survival [39,
40], others reported no significant association with local re-
currence, survival, or any other clinic-pathological feature [35,
41]. This might be due to the fact that tumor cells in HNSCC
of different patients exhibit a heterogeneous cell population
with different levels of expressions of E-cadherin and beta-
catenin [38, 42–44].

Fig. 4 Expression of E-cadherin (a) and Wnt3 (b) in PCI-13 and MSC transwell (TW) co-culture and control group (*p≤0.05)

Fig. 5 Expression of beta-catenin (a) and MMP14 (b) in PCI-13 and MSC transwell (TW) co-culture and control group (*p≤0.05)
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The Wnt/beta-catenin pathway is frequently altered in dif-
ferent forms of cancer and EMT [45, 7]. In our study, Wnt3
expression has been found to be significantly reduced in
HNSCC cells co-cultured with MSCs. The reduction of Wnt
would lead to a stabilization of the APC/GSK3 complex,
which in turn leads to increased phosphorylation and cleavage
of beta-catenin and hence would explain the observed reduc-
tion of beta-catenin. Finally, MMP14, a member of the MMP
family involved in EMT, has been found to be significantly
reduced in HNSCC cells co-cultured with MSCs. This is in
line with the observed decrease in beta-catenin, as a reduced
nuclear transition of beta-catenin leads to a decrease in
MMP14 expression [46].

Taken together, it appears that three of the four markers of
EMT addressed in this study are downregulated concordantly
in PCI-13 during co-culture withMSCs in a sense that EMT is
suppressed. The isolated loss of E-cadherin appears to contra-
dict this but is not necessarily indicative for the onset of EMT
as extensive analysis of gene regulatory networks in EMT
could not identify a master regulator. It has been suggested
that EMT requires multiple simultaneous regulatory mecha-
nism leading to a successful transition [18]. The results from
the present study thus indicate that the paracrine effect of
MSCs do not support but rather suppress the onset of EMT
in PCI-13. This is supported by the fact that ETS1, whose
downstream targets genes regulate critical functions in EMT
[18], and other progression factors such as cathepsin b, have
not shown significant changes in the present study when co-
cultured with MSCs.
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