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Cartilage Tissue Engineering Via Icariin and Adipose-derived Stem Cells

in Fibrin Scaffold

Abstract

Background: Nowadays, cartilage tissue engineering is the best candidate for regeneration of cartilage
defects. This study evaluates the function of herbal extracts icariin (ICA), the major pharmacological
constituent of herba Epimedium, compared with transforming growth factor B3 (TGFP3) to prove its
potential effect for cartilage tissue engineering. Materials and Methods: ICA, TGFf3, and TGF33
+ ICA were added fibrin-cell constructions derived from adipose tissue stem cells. After 14 days, cell
viability analyzed by 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H- tetrazolium bromide assay and
the expression of cartilage genes was evaluated with real-time polymerase chain reaction (RT-PCR).
Results: The results showed ICA, TGFB3, and TGFB3 + ICA increased the rate of proliferation and
viability of cells; but there were no significant differences between them (P > 0.05). Furthermore,
quantitative RT-PCR analysis demonstrated that cooperation of ICA with TGFB3 showed a better
effect in expression of cartilaginous specific genes and increased Sox9, type II collagen, and aggrecan
expression significantly. Furthermore, the results of the expression of type I and X collagens revealed
that TGFB3 increased the expression of them (P < 0.01); However, treatment with ICA + TGFf33
down regulated the expression of these genes significantly. Conclusion: The results indicated ICA
could be a potential factor for chondrogenesis and in cooperation with TGFPB3 could reduce its
hypertrophic effects and it is a promising factor for cartilage tissue engineering.
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Introduction

Osteoarthritis is a prevalent and chronic
form of joint disease and one of the major
causes of disability among old people.!'! The
disease affects whole joint and destructs
articular cartilage.”’ Due to the absence
of nutritional vessels in articular cartilage
and lack of self-healing capacity in this
tissue,*4 its damages improve generally
through scar tissue formation that is
mostly  fibrocartilage.®  Fibrocartilage
tissue in compared with normal cartilage
has substandard biomechanical properties
and progressively degrades with time, and
finally leading to inability of the joint.[>¢

Using stem cells in tissue engineering is
a promising approach for the treatment of
cartilage defects after injury”® and is based
on the fact that stem cells have the potential
to differentiate into multilineage cells.>!”
Growth factors play an important role for
regulating stem cells differentiation and
are considered as a powerful tool for tissue
engineering.'"'2 Among these, transforming
growth factor-f (TGFp) superfamily widely
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used in cartilage tissue engineering. Different
studies have demonstrated the effects of
these factors on chondrogenic differentiation
and formation of cartilage-like tissue
in vivo and in vitro.'*1 However, along
with chondrogenic induction, they lead to
hypertrophy of chondrocytes;!'>'”! Hence, it
is necessary to develop low cost and effective
compounds without hypertrophic effects as a
replacement for growth factors.!'81%!

Herba Epimedium (HEP) is one of 52 species
of flowering herbaceous plants.? It has been
broadly used as an anti-rheumatoid, tonic,
and aphrodisiac for more than 2000 years in
Japan, Korea, and China.'"»! More than 260
different combinations have been identified
from different Epimedium species. Among
them, flavonoids and their derivatives are as
the most important component.?**! Icariin
(ICA; (C33H40015; molecular weight,
676.65), as a common flavonoid glycoside,
is the most important pharmacologically
component of HEP. This factor is selected
as a medical marker for quality control of
HEP in Chinese Pharmacopeia.”® Different
studies showed ICA is a safe anabolic
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agent for chondrogenesis.'®!%?") However, previous studies
were based on the use of bone marrow mesenchymal
stem cells (BM-MSCs) and chondrocytes and there is no
study to investigate the chondrogenic effect of ICA on
adipose-derived stem cells (ADSCs). In the current research,
for the first time, we investigated the effect of ICA on
chondrogenic differentiation of adipose-derived stem cells in
fibrin scaffold.

Materials and Methods
Reagents

ICA (purity >94%) was purchased from Sigma-Aldrich
Co., Stock solutions of ICA were dissolved in
dimethylsulfoxide (DMSO; Sigma-Aldrich Co., USA) and
stored at —20°C. Fetal bovine serum (FBS) was obtained
from Bioidea (Iran). Penicillin/streptomycin and high
glucose Dulbecco’s modified Eagle medium (DMEM)
were purchased from Gibco Co (USA). Majority of

compounds including  TGFP3,  phosphate-buffered
saline  (PBS), DMEM-low glucose, collagenase
A, trypsin— ethylenediaminetetraacetic acid,
dexamethasone,  bovine serum  albumin  (BSA),

insulin-transferrin-selenium (ITS), ascorbate-2-phosphate
(ASP), 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H
-tetrazolium bromide (MTT), and linoleic acid, were
purchased from Sigma-Aldrich Co (USA).

Isolation and culture of adipose-derived stem cells

Human subcutaneous adipose tissue was obtained from
three healthy persons undergoing liposuction surgery.
All procedures were carried out according to the Isfahan
University of Medical Sciences, Medical Faculty Ethics
Committee Approval. Fat tissue was cut into small pieces
and washed thoroughly with PBS. Small pieces of fat were
combined with 0.1% collagenase A and were incubated for
45 min at 37°C. Then, enzyme activity was neutralized with
the same volume medium containing DMEM-low glucose,
10% FBS, and 1% penicillin/streptomycin. Following, the
suspension was centrifuged for 10 min at 1400 rpm. The
cell pellets were cultured in flasks containing fresh medium
with DMEM-low glucose, 1% penicillin/streptomycin, and
10% FBS. The flasks were incubated at 37°C and 5% CO,
conditions.

Fibrin scaffold preparation and adipose-derived stem
cells encapsulation

Fibrin formed cryoprecipitate, which is enriched in
fibrinogen. Thrombin as a main component is required
to convert fibrinogen to fibrin. For thrombin preparation,
16 ml fresh frozen plasma transferred to conical tubes.
Then, 10 ml of calcium gluconate added to each tube and
the suspension incubated at 37°C for 70-90 min. Following,
the suspension centrifuged for 10 min at 2200 rpm. Finally,
transparent supernatant obtained from centrifugation
contains thrombin stored at —80°C.[>®
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For preparation of cell-fibrin constructs, 10° cells at the
third passage were resuspended in 500 ul fibrinogen in
each well of 24-well plate. Then, 500 ul of thrombin
was added to form the fibrin clot. After encapsulation,
cell-fibrin constructs were classified into four groups:
The first group was cultured with TGFB3 (10 ng/ml); the
second group was used with ICA (1 x 10 M);!*® the third
group cultured with TGFB3 and ICA together; and the
fourth group without TGFPB3 and ICA as control group. In
all groups, chondrogenic medium containing high glucose
DMEM, 100 nM dexamethasone, 1% ITS, 1% BSA, 5 ng/ml
linoleic acid, 50 ug/ml ASP, 1% penicillin-streptomycin
was used. All groups were incubated for 14 days. The half
of media refreshed every 3 days.

Cell viability evaluation

The effects of various agents on cell viability were analyzed
by MTT assay. After 14 days, the cell-fibrin constructs were
washed twice with PBS. The combination of 400 pul medium
and 40 pul MTT solutions (5 mg/ml) was added to each well
and incubated for 4 h. After the removal of the medium,
the purple-blue formazan precipitates dissolved in 400 ul
DMSO and plates placed for 2 h in the dark room. Then,
100 ul of each well solution was transferred to 96-well plate.
The absorbance was measured at 540 nm by an ELISA
reader (Spectra Max 340, Molecular Device Inc., CA, USA).

Real-time polymerase chain reaction analysis

To investigate the expression of chondrocyte-specific genes
including type I, type II, type X collagens, aggrecan, and
Sox9, the real-time polymerase chain reaction (RT-PCR)
was performed. Total cellular RNA was extracted using
RNA Extraction kit (Yekta Tajhiz Azma, Iran), according
to the manufacturer’s protocol. Using the RNA samples,
cDNAs were synthesized by the PrimeScript™ RT reagent
Kit (Fermentas, Canada). The RT-PCR reactions were
performed using StepOnePlus™ RT-PCR System (Applied
Biosystems, USA) with SYBR Green PCR Master
Mix (Yekta Tajhiz Azma, Iran) under the implication
condition including initial denaturation at 95°C followed
by thirty cycles of denaturation at 95°C for 30 s, annealing
at 56°C for 45 s and extension at 72°C for 45 s, and a final
polymerization at 72°C for 10 min. RT-PCR was performed
in triplicate. The primer sequences used for RT-PCR are
summarized in Table 1. Relative cartilage gene expression
was analyzed using the comparative Ct method (2744¢).>]
All samples normalized to level of GAPDH, which used as
the loading control.

Results
Adipose-derived stem cells morphology

Phase contrast microscopic morphology of ADSCs
revealed homogenous fibroblast-like cells in the third
passage in compared with multiform cells in primary
culture (PO) [Figure 1].
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Table 1: Primer sequences used in real-time polymerase chain reaction technique

Gene Forward primer Reverse primer

name

Collagen II 5’-GCCACCGTGCCCAAGAAGAACT-3’ 5’ACAGCAGGCGCAGGAAGGTCAT-3’
Collagen I 5’-AGAGGACCACGTGGAGAAAG-3’ 5’-CCATCAAACTGAGCAGCAAA-3’
Collagen X 5’-GGAAAACAAGGGGAGAGAGG-3’ 5’-CCAGGAGCACCATATCCTGT-3’
Aggrecan 5’-CCTACCAGGACAAGGTCTCG-3’ 5’-ACACCTTTCACCACGACCTC-3’
Sox9 5’-GGAAGCTCTGGAGACTGCTG-3’ 5’-CGTTCTTCACCGACTTCCTC-3’
GAPDH 5’-ATCACTGCCACCCAGAAGAC-3’ 5’-GTGAGTTTCCCGTTCAGCTC-3’

Figure 1: (a) Human subcutaneous adipose-derived stem cells in PO passage
after 3 days (x40); (b) Adipose-derived stem cells in third passage: cells
reach 80% confluence and show spindle shape (x40)

Cell viability and proliferation

Our results indicated that the viability and proliferation of
treatment groups increased in compared with the control
group (P < 0.05) [Figure 2]. No significant difference was
seen between treatment groups.

Gene expression in different groups

The results of RT-PCR were revealed the expression of
the cartilaginous-specific genes including type II collagen,
aggrecan, and Sox9 in all groups.

As shown in Figure 3a and b, ICA and TGFP3 increased
the expression of type II collagen and Sox9 in compared
with the control group although the difference was not
significant. In the ICA + TGFP3 group, expression of
Sox9 and type II collagen increased in compared with the
control group (P < 0.05). RT-PCR analysis of differentiated
cells at day 14 showed that expression of aggrecan gene
in ICA + TGFB3 group was the highest. In this group,
expression of aggrecan increased 2.25-fold in comparison
of TGFP3 group (P < 0.01) [Figure 3c].

Quantitative =~ RT-PCR  results  demonstrated  that
type 1 collagen (fibrocartilage marker) and type X
collagen (hypertrophic marker) significantly upregulated
in TGFP3 group (P < 0.01). However, expression of these
two markers downregulated in ICA group significantly.
In addition, ICA alone decreased expression of type I
and type X collagens 1.88- and 2.34-fold, respectively, in
compared with TGFB3 [Figure 3d and e].

Discussion

Due to cartilage’s poor potential for natural repair,
regeneration of cartilage defects is challenging to
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Figure 2: Cell-fibrin constructs in 24-well microplate. Cell viability was
analyzed using 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium
bromide assay after 14 days (a). Dissolved purple-blue
formazan precipitate in dimethylsulfoxide (b). Comparison of
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-tetrazolium bromide assay
results in different groups. There are no significant differences between
groups treated with Icariin, TGFB3, and TGFB3-lcariin together; but
compared with the control group the rate of proliferation and viability
are increased in all of three groups (c) (P > 0.05). ICA, icariin; TGF@3,
transforming growth factor 3

orthopedic surgeons. Using autologous adult stem cells
such as BM-MSCs and ADSCs to repair defective
cartilage may become a viable clinical option. Nowadays,
two cell sources were widely used in cartilage tissue
engineering: BM-MSCs and adipose-derived stem cells.
Huang et al. in their study compared these two cells
and showed that the chondrogenesis potential of bone
marrow stem cells is higher than adipose-derived stem
cells.” However, Zhu et al. reported that adipose-derived
stem cells are better than them.*! Other studies revealed
that the similar differentiation potential for these two
sources.B>34 Adipose-derived stem cells in contrast with
BM-MSCs obtained in large amounts and achieved easily
with noninvasive techniques.’>3”1 These advantages for
adipose-derived stem cells were considered them for
cartilage defects repair; hence, in this study, these cells
were used.

Many investigators indicated that the cartilage
harvested during chondrogenic  differentiation  of
stem cells with TGFPs are not the same as normal
hyaline cartilage because of having many type I
and X collagens and not enough type II collagen.B®
Therefore, it is necessary to develop safe compounds
that can substitute growth factors or cooperate with
them. Therefore, it is necessary to develop a safe
combination that can substitute growth factors or cooperate
with them.
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Figure 3: Effects of Icariin, TGFB3, and TGFB3 + icariin on gene expression of
cartilage markers. Real-time polymerase chain reaction analysis was performed
at day 14. Real-time polymerase chain reaction demonstrated that Sox9, type Il
collagen, and aggrecan significantly increased in icariin + TGF@3 (a-c). Type |
and X collagens decreased in icariin group (d and e). *P < 0.05; **P < 0.01;
***P < 0.001. ICA, icariin; TGF@3, transforming growth factor 33

It has been revealed that ICA is an effective compound
in the treatment of osteoporosis, the restoration of bone
defects, and the bone tissue engineering.[>1%34% Therefore,
it is possible that ICA to be a potential promoting compound
for cartilage tissue engineering. The present study
investigated the effects of ICA, TGFf3, and ICA + TGFp3
on the ADSCs viability, proliferation, and expression
some of cartilage-specific genes, in vitro. It proved that in
treatment group cell viability and proliferation increased
in compared with the control group. Furthermore, our
findings indicated that ICA significantly downregulated
the expression of type I and type X collagens in compared
with TGFP3. Although the expression of type II collagen,
aggrecan, and Sox9 was superior in ICA + TGFf3 group.

Zhang et al. reported that ICA affected on proliferation of
chondrocytes in dose-dependent manner.!'8! In contrast with
Zhang’ study, we indicated that ICA in 10-5 M increased
cell proliferation which might be related to the different
kind of cell.

Some researchers have proven that ICA is an anabolic
agent, which can enhance chondrocyte proliferation
and reduce extracellular matrix degradation.?’#1 It was
reported that ICA promotes the secretion of various
growth factors, including BMP2 and TGFf1 in osteoblasts,
in vitro.**#] Different studies have shown that BMP signals
upregulated the expression of Sox9.144 Sox9, a key gene in
chondrogenesis and differentiation, promotes the expression
of type II collagen and aggrecan.! Li has demonstrated
that the expression of Sox9 significantly increased by
ICA." Similarly, our results indicated that ICA with
TGFf3 enhances the expression of Sox9 considerable.

Furthermore, in contrast with other studies, our finding
indicate that ICA in combination with TGF@3 upregulated
cartilage-specific gene.['!”!

4

Type X and type I collagen are hypertrophic and
fibrocartilage markers, respectively. Different reports
have shown use of TGFP3 lead to cell hypertrophy and
fibrocartilage formation.'>'"! In the current study, it was
revealed that TGFP3 increased expression of type I and
type X collagens. However, ICA reduced these two genes.

Conclusion

All of these findings suggest that ICA may be a potential
promoting factor for cartilage tissue engineering and it
could reduce cell hypertrophy
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