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The effect of estrogen on the expression of cartilage-specific
genes in the chondrogenesis process of adipose-derived stem
cells
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Abstract Background: During adolescence, sex hormones play an important role in regulating proliferation,
~(differentiation, maturation, and the scheduled death of chondrocytes. Although some studies have reported
the regulatory role of estrogen in the development and progression of cartilage, some of the mechanisms still
remain unclear, including the role of estrogen in the expression of cartilage-specific genes in chondrogenesis
process, which we cover in this study.
Materials and Methods: In the present study, we used adipose-derived stem cells (ADSCs) to differentiate
into cartilage. Differentiated cartilage cells were used in the control (without estrogen E2 in the culture
medium) and experimental (with estrogen in the culture medium) groups to evaluate the expression of type Il
collagen and aggrecan as chondrogenic genes markers, with -real-time polymerase chain reaction technique.
Results: Our results indicated that estrogen leads to inhibition of type Il collagen gene expression and
reduction of aggrecan gene expression.
Conclusion: Therefore, estrogen probably has negative effects on chondrogenesis process of ADSCs.
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INTRODUCTION matrix (ECM); the component of articular cartilage

that provides a substrate for cell anchorage. The
Cartilage is a specific connective tissue, and it is ECM consists of water (65%-80% of the total weight),
composed of chondrocytes and extracellular matrix.  proteoglycans (PG), collagens, and a variety of other
Chondrocytes derive from mesenchymal cells and proteins and glycoproteins. There are different
occupy less than 5% of the total volume of cartilage.™ types of collagen in articular cartilage such as types

Their main function is to maintain the extracellular I1 (90%-95%), V, VI, IX, X, and XL.2! The interfibrillar

s (s aniE calliis space of the cartilage matrix is occupied by aggrecan
Quick Response Code: proteoglycan.[&‘“
Website:
www.advbiores.net Collagen as a sturdy fibrous protein prepares the
main framework of cartilage, whereas proteoglycans
DOI: serve as shock absorbers in the joint. Collagen forms a
10.4103/2277-9175.151252 net-like structure in the joint to hold the proteoglycans

and water. The shape and tensile strength of cartilage
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are due to this net. Spread of proteoglycans throughout
the collagen net makes the cartilage a flexible and
stretchable structure with movement.'”

Under normal conditions, different components of
the cartilage matrix continuously are turned over by
chondrocytes in a lifetime.” Despite low metabolic
activity and relatively poor ability to repair of articular
cartilage, it is a dynamic and responsive tissue. The
articular cartilage provides a wear-resistant and
extremely smooth bearing surface for the joints to
support and distribute loads and absorb shocks."®

Osteoarthritis is a joint inflammation that results
from degeneration or loss of the articular cartilage as
cushion between the joints. Osteoarthritis as a form
of arthritis occurs when articular cartilage becomes
damaged and useless and therefore size or volume
of worn out cartilage decreases and it does not work
efficiently. When the bones lose the articular cartilage
in the joints in fact they lose their shock-absorbing
buffers and start to rub against each other.!™

The most appropriate treatment for this disease still
is controversial. However, according to outcomes of
increasing clinical experience, it has been demonstrated
that implantation of autologous chondrocytes with or
without a scaffold is a more effective choice to repair
damaged articular cartilage.

Estrogen has been widely shown to acutely contribute
to the regulation of bone growth and development.
Estrogen directly affects chondrocyte proliferation,
differentiation, and extracellular matrix (ECM)
synthesis® 1! and indirectly other hormones and
local factors secreted by cells in response to estrogen
stimulation.?!3 The importance of understanding the
effects of estrogen supplementation on skeletal mature
tissues is evident. A change in estrogen concentrations
during late maturation of an organism may have a
significant effect on cartilage ECM, thereby influencing
the load tolerance of articular cartilage during activity
and its potential for degeneration.'*! Previously,
researchers have reported that 17-p estradiol (E2)
increased the type X collagen, inhibited the type II
collagen, and reduced the proteoglycan content of the
cartilage.!>16]

Ray and coworkers have shown that estrogen receptors
are present on stem cells.'” Lanzl showed estradiol
inhibits chondrogenic differentiation of mesenchymal
stem cells via nonclassic signaling.l'® But so far,
the direct effect of estrogen on chondrogenesis of
adipose-derived stem cells (ADSCs) has not been
investigated. For this purpose, in present study, after
separation of ADSCs, these cells were cultured and

differentiated to cartilage in the presence or the absence
of estrogen and eventually the cartilage-specific gene
expression was determined by real-time polymerase
chain reaction (RT-PCR) method.

MATERIALS AND METHODS

Cell culture method

Mesenchymal stem cells were isolated from human
subcutaneous adipose tissue (N = 4, age = 25-55 years)
by enzymatic digestion 1 mg collagenase IA (Sigma,
USA) per 1 g adipose tissue, at 37°C for 40 min. The cells
were grown in DMEM (Dulbecco' s Modified Essential
Medium) (Sigma, USA) medium supplemented with
10% FBS (Fetal Bovine Serum) (Gibco, USA) and
1% penicillin/streptomycin (Gibco, USA), and were
incubated at 37°C, and 5% CO,. The medium was
changed twice a week.

Pellet culture system

To form a pellet, 2 x 10° cells/mL centrifuged in 15 mL
polypropylene conical tube at 1500 rpm for 10 min.
Then cells were suspended in chondrogenic medium,
which consists of DMEM-high glucose (Gibco, USA),
1% insulin-transferrin-selenium (Sigma), 1.25 mg/mL
bovine serum albumin (Sigma), 5 ug/mL linoleic
acid (Sigma), 50 pg/mL ascorbate-2-phosphate (Sigma),
1% penicillin-streptomycin (Gibco), and 10 ng/mL
transforming growth factor-p3 (Sigma). Pellets
were incubated at 37°C, 5% CO, for 14 days. The
experimental group had 10 -8 M estrogen E2 in
medium. The culture medium was changed every
3 days.

Reverse transcription polymerase chain reaction method
RT-PCR method was used for assessing gene
expression of cartilage-specific markers. For this
purpose, the total inventory of cellular RNA was
extracted by using RNX-plus kit according to the
manufacturer’s protocol (CinnaGen, Tehran, Iran).
DNase I was used to remove contaminating genomic
DNA. The RNA concentration was determined with a
spectrophotometer at 260 nm wave length. cDNA was
synthesized from total RNA using RevertAid First
strand ¢cDNA synthesis kit (Fermentase, Germany).
The reaction mix and protocol were performed
following the manufacturer’s recommendations.

The product cDNA was used as template for PCR,
which contains 2 uLL ¢cDNA, 1 x PCR buffer (10x),
0.75 Mm MgCl,, 0.5 Mm dNTPs, 1 uM of each
primer pair, and 1 unit Taq DNA polymerase.
Amplification conditions consisted of 95°C for 5 min
followed by 29 cycles of 95°C 30s, 56°C 30 s, 72°C
45 s, followed by 5 min incubation at 72°C for
final extension. Then PCR products visualized
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on 1.5% agarose gel. (The sequence of primers:
Aggrecan: F -AGGAGGGCTGGAACAAGTACC,
R - GGAGGTGGTAATTCCAGGGAACA;
Collagen II: F - CAGGTCAAGATGGTC,
R - TTCAGCACCTGTCTCACCA;
GAPDH (Glyceraldehyde 3 Phosphate
Dehydrogenase): F - GGGCTGCTTTTAACTCTGGT,
R - GCAGGTTTTTCTAGACGG.)

RESULTS

Cell culture
Homogeneous ADSCs were obtained in the third
passage with fibroblastic-like morphology [Figure 1].

Differentiated pellet masse after 2 weeks showed
relative oval or round shape with less than 1 mm
diameter [Figure 2].

Review of the results of RI-PCR

In this study, we used ADSCs to differentiate
into cartilage by differentiation factors. Cartilage
differentiated cells in the control group (group without
estrogen E2 in the culture medium) and experimental
group (with estrogen E2 in the culture medium) were
held in the freezer at — 70 to assess with RT-PCR
method. By this method, the effects of estrogen on the
expression of cartilage-specific genes in the process of
chondrogenesis were evaluated.

For this aim, when RNA was extracted from
differentiated cells, cDNA was synthesized and after
PCR and electrophoresis the results obtained are shown
in Figure 3. GAPDH was used as a house-keeping gene
that expressed in both experimental and control groups.

Type II collagen expressed in the control group, but
no band was observed in the experimental group.

Figure 1: Adipose-derived stem cells indicated fibroblastic-like shape
in third passage
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The expression of aggrecan was detected in both
experimental and control groups.

By comparing the band intensity resulted from
RT-PCR through Image J software and their relative
mean with statistical ¢ test, there was a significant
difference of aggrecan expression between groups with
estrogen and without it (P < 0.05).

Our data showed more expression of aggrecan gene in
group without estrogen compared with experimental
group [Figure 4].

DISCUSSION

For the first time in 1999, scientists examined the
gene expression of the two estrogen receptors (ERo and
ERp) in the human cartilage. Since then, numerous
studies about the presence of estrogen receptors in
human articular cartilage and cartilage growth plate
have taken place.?*?! Besides, the presence of estrogen
receptors on the stem cells has been studied, MSCs are
novel therapeutic agents for tissue engineering and
by higher or lower production rate of cytokines and
growth factors, estrogen may regulate the function
of these cells."® There are evidences of estrogen role
in the differentiation of MSCs to bone and that 17-p
estradiol mediates growth and differentiation of
the bone, particularly through the ERa receptor.!®
The effect of productive status on the proliferation
rate and differentiation of stem cells has been
investigated.''?223 These primary studies have led
to the necessity of further researches on the effect of
estrogen on the process of the chondrogenesis of the
ADSCs. Fat tissue is a very important source for the
MSCs.2+2" These multipotent stem cells are called
ADSCs. Many factors may affect the proliferation rate

Figure 2: Tissue mass after chondrogenesis of adipose-derived stem
cells in pellet culture system in conical tube
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Figure 3: Polymerase chain reaction results: Results showed the
aggrecan gene expression in the experimental group ( with estrogen)
was significantly lower than control (without estrogen) and collagen Il
was not expressed in experimental group. GAPDH was considered
as house-keeping gene

and differentiation capacity of ADSCs, such as age
of the cell donor; type of the used fat tissue (white or
brown); the location of the fat tissue (subcutaneous
adipose tissue or visceral fat); the process of tissue
removal, isolation, and separation method; culture
condition; and the density and formula of the
medium.?%?! In addition to these factors, some of the
hormones such as estrogen can stimulate proliferation
of the mouse ESC and influence the differentiation
capacity of MSCs.[2]

To achieve the best chondrogenic medium for the stem
cell differentiation into cartilage it is necessary to fully
investigate the factors inducing the differentiation of
these cells to cartilage. Considering that the estrogen
is a factor that plays a very important role in the
skeleton system during puberty, the effect of estrogen
on the expression of some of the cartilage-specific
genes in the process of chondrogenesis was studied in
this article and the expression rate of these genes was
compared with the medium lacking estrogen.

From the results of RT-PCR, the expression of
specialized chondrogenic genes was clearly obvious
in the samples without E2, whereas the expression of
type II collagen and aggrecan genes in the presence
of estrogen was different, meaning that aggrecan
is expressed in the presence of estrogen but type II
collagen in the samples treated with estrogen had no
expression.

Unexpression of type II collagen, which is a specialized
chondrogenic gene, may be directly related to the
inhibitory effects of estrogen on the chondrogenesis.
Consistent with our results, the inhibitory action of
E2 on the chondrogenesis has been reported by other
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Figure 4: Comparing reverse transcription polymerase chain reaction
results in the groups with and without estrogen. Aggracan gene
expression in the group without estrogen was significantly higher
than that in the group with estrogen, and this difference is statistically
significant (P < 0.05)

researchers.'®? However, the effect of E2 on specialized
cartilage genes has not been investigated yet. Previous
studies showed that estradiol inhibits the chondrogenic
differentiation of the MSCs. Inhibitory effects of E2
are not only mediated by the classical cytoplasmic
receptors, but also E2 can mediate the inhibition of the
chondrogenic differentiation, mainly by the estrogen
receptors coupled with GPR30 membrane. At lower
concentration of E2 (less than 10-%), the membrane
effects of E2 are replaced by ERa and ERf intracellular
classical pathways. So the inhibitory effect of estradiol
at higher concentrations is mainly mediated by GPR30
membrane receptors. Therefore, the sensitivity of
estrogen receptor is dose dependent.?*?8 In addition,
the effects of E2 depend on the exposure time of the
sample to the estrogen, gender, and chondrocytes
maturation situation.'" As a result, unexpression of
type II collagen and decreased expression of aggrecan
cause reduction of cartilage resistance and may lead
to increased potential of cartilage damage.

In conclusion, in this study we investigated the
influence of 17-f estradiol (E2) on chondrogenic
differentiation of ADSCs and proved that the
estrogen had inhibitory effect on the expression of
type II collagen and also led to a reduction of the
expression of aggrecan gene. Therefore, by inhibition
of type II collagen and reduction of the expression of
aggrecan gene, which are the most important cartilage
maker genes, estrogen can inhibit the chondrogenic
differentiation of the ADSCs. Thus it should not
be considered as a suitable factor for chondrogenic
differentiation of the stem cells.
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