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Effects of hypoxia on differentiation of menstrual
blood stromal stem cells towards tenogenic cells in
a co-culture system with Achilles tendon cells
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Abstract. Achilles tendons have a very poor capacity for
intrinsic regeneration. The cell-based treatment strategy
for Achilles tendinitis includes the application of mesen-
chymal stem cells (MSCs), which have high proliferative
and multipotent differentiation ability, and is a promising
approach. The aim of the present study was to explore the
tenogenic potential of human menstrual blood stromal stem
cells (MenSCs) in a co-culture system and to compare the
tenogenic capability under normoxic and hypoxic conditions.
MenSCs were co-cultured indirectly with Achilles tendon
cells in a Transwell co-culture system for 1, 2, or 3 weeks
in two different concentrations of oxygen (20 and 2% O,),
whereas the control contained only MenSCs. The extracellular
matrix of MenSCs in each system was evaluated by Alcian
blue staining assay, histological staining, reverse transcrip-
tion-quantitative polymerase chain reaction (RT-qPCR), and
western blot analysis. Alcian blue staining assay revealed a
significant increase (P<0.05) in proteoglycan secretion by
the differentiated MenSCs. Identical results were obtained by
RT-gPCR for collagen I, which was validated by western blot
analysis. Considerably increased collagen I and collagen III
gene expression levels were exhibited by cells in the co-culture
treatment group when compared with the control (P<0.05);
however, no significant difference was detected between the
normoxic (20% O,) and hypoxic treatment (2% O,) groups.
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RT-qPCR was utilized to determine the expression levels of
thrombospondin 4, scleraxis and tenascin C in the differenti-
ated MenSCs; a significant increase in the expression of these
specific genes was indicated in the co-culture treatment group
compared with the control (P<0.05). Although the expression
levels were markedly higher in hypoxia than in normoxia
conditions, this difference was not significant. To conclude,
the present study indicated that MenSCs manifested a strong
proliferative and multipotent capacity for differentiation and
differentiated into Achilles tenogenic cells. Therefore, the use
of MenSCs may be considered in Achilles tendinitis therapy.

Introduction

A number of people, particularly those who have engaged in
sports activities, often experience heel pain. Achilles tendinitis
is generally recognized to be the predominant cause of heel
pain (1). Typically, the treatment methods applied at present,
such as surgical or non-operative therapy, exert limited effects
in treating the symptoms, rather than targeting the root cause
of Achilles tendinitis.

Achilles tendinitis is considered a non-inflammatory
condition and has been characterized as either lipoid or mucoid
degeneration (2). During this process, the normal white,
glistening appearance of the tendon is lost, and it becomes
grayish or brown and is mechanically softer (2). In addition to
its color and substance changes, the damaged Achilles tendon
is characterized by increased vascularization or neovascular-
ization (3). These alterations lead to an abrupt reduction in
the formation of matrix components, such as collagen type I
(Col 1), collagen type III (Col III), subsequently, substantial
impairment is inflicted on the tendon, and eventually Achilles
tendinitis occurs 4).

Previous reports have suggested that the application of stem
cells can accelerate the healing of the Achilles tendon in animal
models (5,6). Due to the proliferation capacity and pluripoten-
tiality of MSCs, the effects of the transplantation of stem cells
may be exerted not only through direct differentiation of the
mesenchymal stem cells, but also via the release of paracrine
factors, such as growth factors and cytokines, secreted by
the cells (7). In previous analysis, the most common types of
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MSC:s utilized in experiments are bone marrow mesenchymal
stem cells (BMSCs) (8) and adipose-deprived mesenchymal
stem cells (9). However, certain disadvantages in the applica-
tion of these adult stem cells have been identified, including
the invasiveness of the procedures for the collection of MSCs
and the poor potential for proliferation, which is lower than
that of embryonic stem cells (10).

Stromal stem cells obtained from menstrual blood
(MenSCs) have been utilized as a novel source in previous
studies (11,12), demonstrating important advantages, such
as a decreased hazard of anomalies in the karyotype and a
minimized possibility for tumor formation and acceleration
in animal models (13). MenSCs are derived by non-invasive
methods, thus this cell type is ethically suitable and autolo-
gous. Therefore, MenSCs can be considered the perfect stem
cell type for the treatment of Achilles tendinitis.

In previous research, tendon genes, such as Col I and
Col III, were typically used to assess the tenogenic differ-
entiation of MSC. Specific human tendon genes, including
thrombospondin 4 (THBS4), scleraxis (Scx), and tenascin C
(TENC), were identified through a comparison between the
gene expression rates of tenogenic cells and Achilles tendon
cells (14). However, little is known on the exact MSC commit-
ment process and the mechanism of differentiation. The present
study aimed to establish a co-culture system of MenSCs and
Achilles tendon cells in normoxia (20% O,) and hypoxia (2%
0,) conditions, respectively. The extracellular matrix (ECM)
and the distinctive human tendon genes were utilized to assess
the tenogenic differentiation of MenSCs.

Materials and methods

Ethics statement. The present study was conducted according
to the tenets of the Declaration of Helsinki. All patients
were candidates for Achilles tendon surgical repair and gave
their written informed consent and approved the use of the
resected Achilles tendon from both broken ends for further
basic research. The study design and the protocol had been
granted a written agreement by the Second Affiliated Hospital
of Wengzhou Medical University Research Ethics Committee.
In the experiments the part of the Achilles tendon that
required removal before suture was used, which prevented any
secondary damage to the tissue.

Culture of Achilles tendon cells (ATCs). Between January
and June 2012, tissue samples from the Achilles tendons were
collected from 3 patients (2 male, 1 female; age, 23-45 years),
suffering from closed Achihes tendon rupture, during
surgery. Patients exhibited no underlying health problems or
serious medical conditions. Tissues were washed with phos-
phate-buffered saline (PBS) and digested enzymatically with
0.2% collagenase type II (Sigma-Aldrich; Merck Millipore,
Darmstadt, Germany) at 37°C for 6 h. Subsequently, the tissue
debris was removed by passage through a 200-um filter and
the obtained ATCs were centrifuged at 250 x g for 10 min at
4°C and resuspended in Dulbecco's modified Eagle's medium
(DMEM) and Ham's F-12 Nutrient Mixture, supplemented
with 10% fetal bovine serum (FBS) (all Gibco; Thermo Fisher
Scientific Inc., Waltham, MA, USA) and 1% penicillin/strep-
tomycin (Beijing Solarbio Science & Technology, Beijing,
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China). The suspension was incubated at 37°C in a humidified
atmosphere containing 5% CO,. The medium was changed
2-3 times a week. Cells were observed under a light micro-
scope (magnification, x100).

Culture of human MenSCs. Human MenSCs were purchased
from S-Evans Biosciences (Hangzhou, China). Identification
of cell surface markers, such as cell differentiation (CD)-73,
CD-90, CD-105, CD-14, CD-19, CD-34, CD-35, and human
leucocyte antigen antigen D-related (HLA-DR) were examined
by S-Evans Biosciences with flow cytometry. The cells were
cultured in DMEM/F-12 media and 10% FBS (both Gibco;
Thermo Fisher Scientific, Inc.); then, they were incubated at a
37°C, in a 5% CO,environment.

Co-culture of MenSCs and ATCs. A co-culture system was
constructed with a Transwell chamber (Corning Inc., Corning,
NY, USA), which could be inserted into the wells of 6-well
plates. MenSCs were seeded on 6-well tissue culture poly-
styrene plates (Corning Inc.) at a density of 1x10* cells/well,
whereas ATCs were seeded at the ratio of 1:1 with MenSCs on
the membrane (polyethylene terephthalate, pore size, 0.4 mm)
of the Transwell chamber. ATCs and MenSCs were incubated
for 1,2, and 3 weeks at 37°C in a humidified atmosphere with
either 95% air (21% O,) plus 5% CO, (designated as normoxia)
or with 2% O, plus 5% CO, and 93% N, (low O, tension) with
a medium change every 2-3 days. MenSCs (1x10%) cultured in
6-well plates without ATCs were used as the control group.
The culture medium was replaced every 3 days.

Alcian blue staining. Following co-culture for 2 weeks,
MenSCs from each group were fixed in 4% paraformaldehyde
(PFA), washed with PBS and stained with 0.5% Alcian blue
(Sigma-Aldrich; Merck Millipore) in 3% acetic acid (pH 2.5)
for 30 min. Cells were visualized and images were captured
using light microscopy (magnification, x200; Leica DM 2500;
Leica Microsystems GmbH, Wetzlar, Germany). Image-Pro
Plus (IPP) software (version 6.0; Media Cybernetics, Inc.,
Rockville, MD, USA) was used to evaluate the mean stain
density of each image.

Immunohistochemical staining. Glass coverslips (0.17 mm)
with MenSCs following 1, 2, and 3 weeks of co-culture were
fixed with 4% PFA in PBS at room temperature for 20 min and
washed with PBS. Following permeation with Triton X-100
for 10 min and inhibition of endogenous peroxidase activity
with 3% hydrogen peroxide for 15 min. MenSCs were
blocked with 5% goat albumin in PBS for 30 min at 37°C.
Subsequently, cells were incubated with an antibody against
THBS4 (rabbit polyclonal; 1:800 dilution; sc-7657-R; Santa
Cruz Biotechnology, Inc., Dallas, TX, USA) at 4°C overnight
and washed with PBS 3 times, followed by incubation with
a horseradish peroxidase-conjugated secondary antibody
(1:200 diltuion; PV-6001; ZSGB-BIO, Beijing, China) at 37°C
for 30 min. A DAB detection kit (Dako North America, Inc.,
Carpinteria, CA, USA) was utilized until desired staining
intensity developed, and the cells were counterstained with
hematoxylin. Subsequently, the samples were observed under
a light microscope at a magnification of x10 (Leica DM 2500).
Quantitative analysis of staining was performed using IPP
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Table I. Primer sequences for reverse transcription-quantitative polymerase chain reaction.

Target gene Direction Primer sequences
Collagen I Forward 5'GAGGGCCAAGACGAAGACATC 3
Reverse 5'CAGATCACGTCATCGCACAAC 3'
Collagen 111 Forward 5'GGAGCTGGCTACTTCTCGC 3'
Reverse 5'GGGAACATCCTCCTTCAACAG 3'
Thrombospondin 4 Forward S'TGCTGCCAGTCCTGACAGA 3'
Reverse 5'GTTTAAGCGTCCCATCACAGTA 3'
Tenascin C Forward S'TCCCAGTGTTCGGTGGATCT 3'
Reverse S'TTGATGCGATGTGTGAAGACA 3!
Scleraxis Forward 5S'AGAACACCCAGCCCAAACAG 3'
Reverse S'TTGCTCAACTTTCTCTGGTTGCT 3'
18S rRNA Forward 5'GATGCGGCGGCGTTATTC 3'
Reverse 5'GTGGTGCCCTTCCGTCAA 3'

software (version 6.0; Media Cybernetics, Inc.) to evaluate the
mean stain density of each image.

Quantitative real-time polymerase chain reaction
(RT-gPCR). RT-qPCR was used to quantify the mRNA
expression of Col I, Col III, THBS4, TENC, and Scx. RNA
was isolated from each group by using TRIzol reagent
(Invitrogen; Thermo Fisher Scientific Inc.) according to the
manufacturer's instructions and the concentration of total
RNA was determined using a spectrophotometer (DU-500;
Beckman Coulter, Inc., Fullerton, CA, USA) at 260 nm
wavelength. First-strand cDNA was synthesized in a 20 ul
reaction system containing: 11 I DEPC ddH,O with total
RNA (2 pg), 1 ul Oligo (dT) 18 primer, 4 ul 5x Reaction
buffer, 2 ul 10 mM dNTP mix, 1 ul Ribolock RNase inhibitor,
and 1 ul RevertAid M-MULV reverse transcriptase (MBI
Fermentas, Sankt Leon-Rot, Germany). qPCR was performed
in triplicate using a CFX96 Real-Time PCR system (Bio-Rad
Laboratories, Inc., Hercules, CA, USA) under the following
conditions: 10 min at 95°C, followed by 40 cycles of 15 sec at
95°C and 1 min at 60°C for gPCR amplification. The reaction
was performed in a total volume of 20 ul, containing 10 ul
SYBR Green Master Mix (Bio-Rad Laboratories, Inc.), 2 ul
cDNA, 1 pl each primer and 6 pl sterile distilled water. Target
gene expression was calculated using the 2244 method (15)
and normalized to 18S ribosomal RNA. The primers used
are indicated in Table I.

Western blot analysis. Cells from different groups were
harvested and lysed in a standard buffer (Beyotime Institute
of Biotechnology, Haimen, China), and the total protein was
extracted by using a Western and IP Cell Lysis kit (Beyotime
Institute of Biotechnology). Cell lysates were separated
and collected by centrifugation at 12,000 x g for 10 min
at 4°C. Protein concentrations were determined using an
enhanced bicinchoninic acid assay kit (Beyotime Institute
of Biotechnology). Equal quantities (30 pug) of protein from
each sample were separated by 10% SDS PAGE and trans-
ferred onto nitrocellulose membranes. Following washing
three times with TBS containing 0.1% Tween-20 for 5 min,
non-fat milk was utilized to block non-specific blinding and

the membranes were incubated overnight at 4°C with a rabbit
polyclonal antibody conjugated with THBS4 (rabbit poly-
clonal; 1:1,000 dilution; sc-7657-R; Santa Cruz Biotechnology,
Inc.), COL I (goat polyclonal; 1:600 dilution; sc-8784; Santa
Cruz Biotechnology, Inc.), and GAPDH (rabbit polyclonal;
1:1,000 dilution; BS60630; Bioworld Technology, Inc.,
St. Louis Park, MN, USA). Following washing three times
with TBS containing 0.1% Tween-20 for 5 min and incubation
for 2 h at room temperature with the following horseradish
peroxidase-conjugated secondary antibodies: Rhodamine
(TRITC), AffiniPure Rabbit Anti-Goat IgG (CW0168) and
Goat anti Rabbit IgG (CWO0111; all 1:3,000 dilution; Beijing
ComWin Biotech Co., Ltd., Beijing, China); the membranes
were treated with enhanced chemiluminescence (ECL) Plus
reagent (Bio-Rad Laboratories, Inc.), followed by detection
using the ChemiDoc XRS+ system with Quantity ONE soft-
ware (1,708,265; Bio-Rad Laboratories, Inc.) software.

Statistical analysis. Data are expressed as the mean + standard
deviation. Statistical evaluation of the differences between
and within the groups was performed using one-way analysis
of variance followed by post-hoc Tukey's test. P<0.05 was
considered to indicate a statistically significant difference.

Results

Cell surface markers. As shown in Fig. 1, the following
multipotent surface markers are present on mesenchymal stem
cells: CD73, CD90, and CD105; whereas CD14, CD19, CD34,
CD35, and HLA-DR were absent on these cells, which were
also absent in the cells identified by Cui et al (16). Furthermore
the MenSCs appear to have similar characteristics as the
human endometrial stem cells identified by Cho ez al (17). The
expression of multipotent markers is indicative of cells that
have the capacity to differentiate into cell types derived from
multiple germ layers.

Alcian blue staining. Following 2 weeks of co-culture, Alcian
blue staining was applied to stain the proteoglycan secreted
by MenSCs. MenSCs from the control treatment were stained
negatively (Fig. 2A and B). Conversly, staining of MenSCs
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Figure 1. (A-I) Flow cytometric analysis of MenSCs. The (A) results of flow cytometry showed that MenSCs were positive for (B) CD73, (C) CD90 and (D)
CD105, and negative for (E) CD14, (F) CD19, (G) CD34, (H) CD35, and (I) HLA-DR. MenScs, menstrual blood stromal cells; CD, cluster of differentiation;

HLA-DR, human leucocyte antigen antigen D-related.

was substantially promoted, and Alcian blue metachro-
masia was evident in MenSCs under hypoxic (Fig. 2C) and
normoxic (Fig. 2D) conditions. According to Fig. 2E, higher
proteoglycan secretion was exhibited in the hypoxic cell
group than in the normoxic group; however, no significant
difference was established between these groups (P>0.05).

Immunohistochemical staining. THBS4 immunohistochem-
ical staining was implemented to identify the level of THBS4
secretion by MenSCs. Following co-culture with ATCs,
MenSCs from the control group were stained negatively,
whereas MenSCs in the hypoxic treatment group were stained
more intensely than those in the normoxic group (Fig. 3A-H).

The results were more obvious in Fig. 31, which was processed
by IPP 6.0.

RT-gPCR. Following co-culture, RT-qPCR was performed to
analyze the expression of ECM genes (collagen I, collagen III,
THBS4, scleraxis, and tenascin C). By the end of the 3-week
co-culture, gene expression levels of Col I, Col 111, THBS4,
TENC, and Scx in the normoxic and hypoxic groups were
significantly higher than those in the control group (P<0.05;
Fig. 4A-E, respectively). Moreover, the expression of ECM
genes within the normoxic and hypoxic treatments were
significantly upregulated (P<0.05; Fig. 4). Nevertheless, the
expression of Col I, Col III, THBS4, TENC, and Scx in the
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Figure 2. Alcian blue staining of MenSCs. MenSCs were co-cultured indirectly with Achilles tendon cells in a Transwell co-culture system in two different
concentrations of oxygen (20% O,, normoxic conditions and 2% O,, hypoxic conditions), whereas the control contained only MenSCs. Control MenSCs
under (A) hypoxic and (B) normoxic conditions. MenSCs under (C) hypoxic and (D) normoxic conditions. The co-culture group exhibited a higher intensity
metachromatic effect when compared with the control group. (E) Alcian staining density of each group. Data are presented as the mean + standard deviation.
“P<0.05 vs. control. Scale bar, 100 xm (magnification, x10). MenSCs, menstrual blood stromal stem cells.
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Figure 3. Immunohistochemical staining of MenSCs. Immunohistochemical staining revealed the secretion of THBS4 by MenSCs. MenSCs were co-cultured
indirectly with Achilles tendon cells in a transwell co-culture system, for 1, 2, or 3 weeks in two different concentrations of oxygen (20% O, and 2% O,),
whereas the control contained only MenSCs. (A) Normoxic control. (B) Normoxic MenSCs co-cultured for 1 week. (C) Normoxic MenSCs co-cultured for
2 weeks. (D) Normoxic MenSCs co-cultured for 3 weeks. (E) Hypoxic control. (F) Hypoxic MenSCs co-cultured for 1 week. (G) Hypoxic MenSCs co-cultured
for 2 weeks. (H) Hypoxic MenSCs co-cultured for 3 weeks. (Scale bar 100 pm). (I) THBS4 staining density of each group, quantified by Image Pro Plus 6.0
software. THBS4 immunohistochemical staining was positive, showing a strong color in normoxic and hypoxic groups (B, C, D, F, G, and H: color intensity
D>C>B; H>G>F; F>B; G>C; H>D), whereas it was not obvious in the control group (A and E). Data are presented as the mean + standard deviation. MenSCs,

menstrual blood stromal stem cells; THBS4, thrombospondin 4.
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Figure 4. Extracellular matrix genes expression of MenSCs determined by reverse transcription-quantitative polymerase chain reaction. Expression levels of
(A) Col I, (B) Col 11, (C) THBS4, (D) TENC and (E) Scx mRNA in MenSCs following co-culture. Expression levels of each gene were normalized to 18S
rRNA and control; n=3. Data are presented as the mean + standard deviation. MenSCs, menstrual blood stromal stem cells; Col I, collagen type I; Col III,
collagen type III; THBS4, thrombospondin 4; Scx, scleraxis; TENC, tenascin C.

E— ce—— e R

— s — — O]
—— ——.  Gapdh
Normoxic Hypoxic Normoxic  Hypoxic

control control group group

Figure 5. Western blot analysis of MenSCs. Western blotting of Col I and
THBS4 protein in MenSCs was performed following 3-week co-culture.
The amounts of these proteins in the hypoxic and normoxic treatments
were greater than those in the control group. However, there was no marked
difference between the quantities of the proteins mentioned in the cells under
hypoxia and those under normoxia. GAPDH was used as a charge control.
MenSCs, menstrual blood stromal stem cells; Col I, collagen type I; THBS4,
thrombospondin 4; GAPDH, glyceraldehyde 3-phosphate dehydrogenase.

normoxic cell group did not differ significantly when compared
with the hypoxic group (P>0.05; Fig. 4A-E, respectively).

Western blot analysis. Western blotting was applied to detect
Col I and THBS4 protein and quantify their content. Following
3 weeks of co-culture, Col I and THBS4 proteins were present
in all groups. Quantities of these proteins in the hypoxic and
normoxic groups were higher when compared with the control
group. However, there was no obvious difference between
the quantities of these proteins in the hypoxia group and the
normoxia group (Fig. 5).

Discussion

Owing to the extremely poor self-healing capacity of the
human tendon, Achilles tendinitis has long been a clinical
challenge (18,19). Transplantation of MSCs provides an excel-
lent solution for the treatment of Achilles tendinitis. Through
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the implementation of this method, tenogenic differentiation is
achieved and supplementation of the ECM is promoted, which
stimulates the recovery of the degenerated tendon and leads to
its healing.

Previous findings indicate that MenSCs, a new source
of MSCs, have been successfully differentiated into chon-
drogenic, adipogenic, osteogenic (20), neurogenic, and
cardiogenic cell lineages (12). The results of these studies
demonstrate the plasticity of MenSCs for potential research
in regenerative medicine. However, it is remains uncertain
whether this cell type is able to differentiate into tenogenic
cell lineages. The present study examined for the first time
the in vitro capacity for tenogenic differentiation of MenSCs.
ATCs are located in a comparatively avascular tissue area,
and their development is hindered by the phenotype drift
and loss of functions (21). An exceedingly low number of
arterioles in proximity to the Achilles tendon have been
established in an examination of the local blood supply, which
indicated that the low oxygen environment is the natural
medium of the Achilles tendon (22). We hypothesized that
the level of oxygen exerted an effect on the differentiation of
MenSCs into tenogenic cells as ATCs exist and operate under
hypoxic conditions. There is evidence that oxygen tension of
2% enhanced the differentiation of human MSCs into cells
similar to nucleus pulposus cells (23) and chondrocytes (24).
Thus, low oxygen tension (2% O,) was utilized to determine
whether hypoxia was able to stimulate the differentiation
of MenSCs into tenogenic cells. In the present study, the
results of Alcian blue Staining revealed that the secretion
of proteoglycan increased significantly in the differentiated
MenSCs obtained from both co-culture groups. RT-qPCR
analysis indicated identical findings for Col I, which was
also confirmed by western blotting. Gene expression of Col I
and Col III in the co-culture group were significantly higher
when compared with the control group, which is important
for maintaining the function of the Achilles tendon. However,
no significant difference was observed between the normoxic
and hypoxic groups. Furthermore, RT-qPCR revealed signifi-
cant upregulation of the expression of the specific tenogenic
genes (THBS4, scleraxis, and tenascin C) in the differentiated
MenSCs. However, when compared with the normoxia group,
the expression levels were slightly higher in the hypoxia group.
These findings are not consistent with the data from previous
studies, which indicated that hypoxia substantially increased
ECM synthesis of differentiated MSCs (25). This discrepancy
may be a result of the living environment of MenSCs, as they
are located in the endometrium, which is characterized by an
abundant blood supply, whereas the oxygen concentration of
bone marrow is ~1-7% (26). Thus, MenSCs had to adapt to
the 2% O, environment when they were cultured. In future
research, pre-incubation of MenSCs in a 2% O, environment
or prolonged co-culture time may further promote tenogenic
differentiation of MenSCs in hypoxic conditions.

The large pentameric glycoprotein, THBS4, which is a
tendon-selective marker, can bind to Col II in the tendon tissue
and form complex compounds with the cartilage oligomeric
matrix protein (27). The expression of THBS4 is highly
specific to tendon tissue and has been identified in tendon
mesenchyme (28). Tenascin C is characterized by enhanced
expression levels in the tissues of the cartilage and the tendon.
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Earlier reports revealed that Scx is expressed in mouse
myoblast C2C12 cells (29) and normal muscles (GDS234
and GDS641), as evidenced by profiling studies in the GEO
database. Therefore, these findings indicate that the expression
of TENC and Scx is comparatively specific for tendon tissues.

Certain limitations existed in our investigation: i) The
two-dimensional nature of the cell culture and the absence of
proper matrix interactions (30), the presence of intercellular
interactions (31), or the lack of mechanical stimulation (32),
could lead to the loss expression of tendon-selective genes in
the primary tendon cells that were formed. ii) In future experi-
ments, substrates of collagen gel with three dimensions (30)
or loads (33) are to be utilized to re-establish the mechanostat
set point during the cell culture period. Mesenchymal stem
cells are capable of expressing tendon markers when a cyclic
load and three-dimensional culture are employed. iii) Further
research is required to explore the impact of various hypoxic
environments on the differentiation of MenSCs and to establish
the optimal hypoxic O, concentration stimulating the process.
iv) In the future, more comprehensive in vivo investigations
are necessary to determine the underlying mechanism of
tenogenic differentiation.

In conclusion, in spite of the absence of a significant differ-
ence between the normoxic and hypoxic group, after 3 weeks'
co-culture with ATCs, successful differentiation of MenSCs
into tenogenic cells was achieved, which induced the produc-
tion of the extracellular matrix that was similar to the original
and led to the expression of the specific AT markers (THBS4,
TENC and Scx). In future, MenSCs may be considered a
potent novel source of MSCs that may contribute substantially
towards the further development of therapies to treat Achilles
tendinitis.
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