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ORIGINAL ARTICLES

Potential effect of Enterolactone and Raloxifene  
in reversing osteoarthritis markers in cultured  
Human articular chondrocytes
Hamdi T1, Gouissem I2

ABSTRACT

Background: Osteoarthritis (OA) is associated with cartilage destruction. Maintenance of differentiated chondrocyte 
biomarkers is important in prevention of degeneration. Selective estrogen receptor modulators (SERMs) such as 
raloxifene (Ral) and phytoestrogens like enterolactone (Ent) which have structural and functional homologies with 
estrogen can mime their action. This study was undertaken to evaluate in vitro the possible effects of Ral and Ent 
on the expression of differentiated, dedifferentiated and hypertrophic biomarkers in human articular chondrocytes 
(HAC). 
Methods: Chondrocytes of osteoarthritic patients, harvested from one passage cell culture, were treated with Ral 
(0.1 and 1 µM) and Ent (1 and 5 µM) for 10 and 12 days in two- (2D) and three-dimensional (3D) models. Genes 
expression of type I collagen (COL1A1), type II collagen (COL2A1), type X collagen (COL10A1), aggrecan (ACAN) 
and small novel rich in cartilage (SNORC), were detected by real-time PCR and by Western-Blotting. 
Results: Our study revealed that Ral increased COL2A1, ACAN and SNORC and decreased concomitantly 
COL1A1 and COL10A1 genes expression when compared to untreated OA chondrocytes. Ent increased COL2A1 
and decreased genes expression of the other biomarkers cited above like COL1A1. Our results demonstrated that 
low doses of 17β-oestradiol (E2), Ral and Ent had positive effects on the expression of differentiated chondrocyte 
markers such as COL2A1, ACAN and SNORC whereas high dose of these compounds inhibited their effects. Our 
results showed that 1µM of Ral induced an up-regulation of COL2A1, ACAN and SNORC expression and a down-
regulation of COL1A1 and COL10A1 expression in HAC incubated in 3D for 12 days. 
Conclusions: This study showed that SERMs like Ral and a phyto-estrogen like Ent induced the expression of 
differentiated chondrocyte markers of hyaline cartilage: COL2A1, ACAN and SNORC and decreased COL1A1 and 
COL10A1 genes expression on HAC of osteoarthritis patients.
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INTRODUCTION
Osteoarthritis (OA) is a chronic disease due to cartila-
ge degradation. The risk of developing this disease in-
creases with age, so this pathology remains the leading 
cause of disability for the elderly. Indeed, the cartilage 
cellular component is disrupted in articular cartilage 
leading to its erosion. Moreover, other components of 
the joint are involved in OA such as subchondral bone 
alterations and synovial membrane inflammation1. 
Over many years, the mechanical overload and bioche-

mical mediators are involved in cartilage destruction. 
Mechanical stress sets off degenerative cartilage factors 
cascade. Thus, chondrocytes are exposed to autocrine, 
paracrine and other catabolic factors which involved 
the synthesis of metalloproteinases (MMPs), aggrecana-
ses, cyclooxygenases, cytokines, nitric oxide (NO), and 
prostaglandins2-4. Moreover, hormonal changes occur-
ring around menopause induce the occurrence of OA5. 
The depletion of sex hormones has been considered as 
a risk factor for OA but the effects of estrogen repla-
cement in OA patients are controversial. Some studies 
have reported a chondroprotective effect of estrogen, 
while others have shown no effect of these substances 
on cartilage6. To verify these controversies, we test the 
effect of two alternative sex hormone analogs raloxifene 
(Ral) and enterolactone (Ent) on the redifferentiation of 
human arthritic chondrocytes (HAC).

It has been reported that Ral, a selective Estrogen 
Receptor Modulators (SERMs) mixed estrogen agonist/
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antagonist7-9, prevents breast cancer and osteoporosis 
in women10 and rats11. Additionally, Ral is approved 
worldwide for the prevention and treatment of post-
menopausal osteoporosis12,13, and reduction of the risk 
of invasive breast cancer14,15. Ral acts on lipids, on the 
coagulation system, and uterine tissues16. In contrast, 
another study reported that Ral has neutral effects on 
endometrium17. Otherwise, Ral had protective effect on 
human OA chondrocytes from interleukin-1β which in-
volved the matrix metalloproteinase (MMP-3) and NO 
release18.

Furthermore, Ent a phytoestrogen substance pro-
duced naturally in plants and has similar structure to 
estrogen, binds to the estrogen receptors (ERα and ERβ) 
and acts as agonist in some tissues and as antagonist 
estrogen in others19. Binding of phytoestrogens to ERs 
induces a conformational change which promotes their 
interaction with promoter regions on DNA20,21. This 
conformational change precisely at the position of helix 
12, depends on the effect of the phytoestrogen so ac-
tivates or represses the transcription of estrogen target 
genes22. The relative affinities of phytoestrogen for the 
ER favor them to act as agonists and/ or antagonists in 
each ER subtype23,24 depend on concentrations and tis-
sue sites25. 

The aim of the present study was to evaluate in vitro 
the possible effects of Ral and Ent on the expression of 
differentiated biomarkers type II collagen (COLII), ag-
grecan (ACAN) and SNORC, dedifferentiated type I col-
lagen (COLI) and hypertrophic type X collagen (COLX) 
in  HAC using both monolayer 2D and biomaterial 3D 
models.

MATERIAL AND METHODS
Human articular chondrocytes (HAC) were treated in 
vitro with different concentrations of 17β-E2 (0.1 and 
1 nM), Ral (0.1 and 1 µM) and Ent (1 and 5 µM) for 10 
days in monolayer (2D) or 12 days in type I collagen 
sponges (3D) models. Phenotype gene expressions of 
differentiated chondrocytes such as ACAN, COLII and 
SNORC, of dedifferentiated chondrocyte like COLI, or 
of hypertrophic chondrocytes such as COLX, were ana-
lyzed by real-time PCR and Western Blotting.

Chondrocytes primary culture
HAC were obtained following the laying of total knee 
arthroplasty from 15 patients donors (six women and 
nine men) aged 63-85 years (mean 74 ± 11 years) from 
orthopedic surgery department of Caen Saint Martin 
Polyclinic (Normandy, France). The mean body mass 
index of patients was 29.9 ± 2.5 kg/m2. The study was 
conducted in accordance with the ethical guidelines of 
the Helsinki Declaration. The design of the study was 
approved by the Ethics Committee of Caen (Comité de 

Protection des Personnes Nord Ouest III, Caen, France). 
All patients gave written informed consent for cartilage 
samples used in this study. HAC extraction is based on 
a well-defined protocol. HAC from macroscopically 
healthy areas of osteoarthritic joints were cut into small 
chips, rinsed in Phosphate Buffered Saline (PBS) and 
then subjected to a wash cycle decantation. The frag-
ments were then subjected to the following enzymatic 
treatments: Protease type XIV (6.2 U / mL) for 45 mi-
nutes at 37°C and Clostridium histolyticum collagenase 
(290 U / mL) overnight at 37°C. These enzymes were 
diluted in Dulbecco’s Modified Eagle Medium (DMEM) 
containing 4.5 g/L glucose, buffered to pH 7.1/7.4 and 
supplemented with 10% of decomplemented fetal calf 
serum (FCS). To this mixture was added a mixture of 
antibiotics and anti- fungal compound of penicillin 
(100 IU / mL), erythromycin (100 mg / mL) and fungi-
zone (0.25 microgram / mL). Chondrocytes were then 
dissociated and the cell suspension was filtered and 
centrifuged for 10 minutes at 700 g. Cells were see-
ded in culture dishes at a density of 40 000 cells/cm2 
in DMEM containing 10% FCS at 37°C and 5% CO

2
. 

During treatment of the cells with Ral, Ent or 17β-E2 
(used as positive control),  This reduction is due to the 
glycolytic production of NAD(P)H in viable cells. The 
number of viable cells is determined according to the 
cleavage of the tetrazolium salts WST-1 added to the 
culture medium into soluble formazan by cellular de-
hydrogenases (Berridge). So, the amount of the culture 
medium was DMEM 1% L-glutamine, 1% sodium pyru-
vate and supplemented with 2% steroid-free FCS. Cells 
were seeded either in monolayer at 40 000 cells/cm2 or 
in type I collagen sponge 3D at 400 000 cells/cm2.

Prior to study the expression of articular biomark-
ers on cultured HAC, cell viability of chondrocytes is 
evaluated using WST-1 assay26 with kit from Roche Di-
agnostics. Following WST-1 test, cell proliferation was 
performed by crystal violet test allows cell to be counted 
by staining adherent cell27. In our study, cell viability 
rate of chondrocytes was 80 %.

RNA extraction, reverse transcription and 
real-time Polymerase Chain Reaction 
Total RNA was isolated with TRIzol reagent according 
to the manufacturer’s instructions (Invitrogen). One 
microgram (µg) of total RNA was reverse-transcribed 
with DNase I (Invitrogen) into complementary DNA 
(cDNA) at 37°C for 1 hour using 50 pmoles of oligo dT, 
5 mM of each dNTPs, reverse transcriptase buffer 5X, 
40 units/µL of RNase inhibitor and 200 units/µL of “Mo-
loney Murine Leukemia Virus” enzyme (Invitrogen) in a 
final volume of 25 µL. The cDNA samples were diluted 
1/100 before amplifications in real-time PCR analyses, 
with appropriate primers, SYBR Green PCR Master Mix 
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and a ABI Prism 7000 SDS apparatus (all from Applied 
Biosystems).  Ribosomal protein L13a (RPL13a) was 
used as an endogenous reference gene. The relative gene 
expression was calculated with the 2-ÄÄCt method or 
the standard curve method depending on the amplifi-
cation deficiency of each RPL13a and target gene, and 
expressed as mean of triplicate samples. Primers were: 
SNORC (S: 5’-GTGCCCACGCTGTGGAACGA-3’, AS: 
5’-CTCCTGGTCCAGCCGCTCCT-3’), COL2A1 (S: 
5’-GGCAATAGCAGGTTCACGTACA-3’, AS: 5’-CGATA-
ACAGTCTTGCCCCACTT-3’), COL10A1 (S: 5’-CAGC-
CGGTCCAGGGATTC-3’, AS: 5’-AAACCAGGAGAGA-
GAGGACCATATG-3’), COL1A1 (S: 5’-CAGATCAC-
GTCATCGCACAAC-3’, AS: 5’-ACCAATCACCTGCG-
TACAGAA-3’), ACAN (S: 5’-TCGAGGACAGCGAGG-
CC-3’, AS: 5’-TCGAGGGTGTAGCGTGTAGAGA-3’), 
RPL13 (S: 5’-GAGGTATGCTGCCCCACAAA-3’,  AS: 5’ 
-GTGGGATGCCGTCAAACAC-3’).

Western-blotting
After cells treatment, they were washed once with ice-
cold PBS crushed and lysed in RIPA buffer to prepare 
cellular extracts for Western-blotting. Whole-cell ex-
tracts (20 µg) were separated in a 10% polyacrylamide 
gel and transferred onto polyvinylidenedifluoride 
(PVDF) membrane (Millipore, Molsheim, France) at 
4°C for 75 minutes. The membranes were blocked for 
1 hour in Tris buffer saline (20 mM Tris, 137 mM NaCl, 
0.1% Tween 20) containing 10% skim milk and were 
probed with the appropriate antibodies (Santa Cruz 
Biotechnology, Inc.) overnight at 4°C. The membranes 
were then washed and incubated for 1 hour at room 
temperature with anti-goat secondary peroxidase-con-
jugated antibody (Santa-Cruz Biotechnology, Inc.). The 
bands corresponding to the desired proteins were vi-
sualized by enhanced chemiluminescence Luminol Re-
agent (Tebu-Bio) and exposed to X-ray sensitive film. 
The type I and II collagen signals were quantified by 
densitometry with the Image Quant software (Amersh-
am Biosciences, Orsay, France) in reference to the GAP-
DH control signal.      

Statistics
Results were representative of one experiment, per-
formed in triplicates unless otherwise precisions. For 
real-time PCR analysis, data were representative of four 
experiments performed in triplicate each one. Differ-
ence between control and treated group was assessed by 
the Student’s t test.   Structure of the data was first test-
ed in order to assess normality (Kolmogorov-Smirnov 
test) and equality of variance (Levene test). One-way 
analysis of variance (One-Way ANOVA) were used to 
test for overall differences between controls and treat-
ments and LDS or Dunn multiple comparisons tests 

were used in pairwise comparisons of treatments and 
control. Statistically significant differences were set at 
*p<0.05, **p<0.01 and ***p<0.001 versus control 
and †p<0.05 ; ‡p<0.001 versus 1µM Ent or 0.1µM 
Ral treated groups.

RESULTS
Expression of articular chondrocyte 
biomarkers in the presence of Ent cultured 
in 2D and / or 3D models.
Analyses of Western-Blotting of 2D and 3D models 
after treatment with Ent
We determined the effect of Ent (1 and 5 µM) on protein 
expression of type I collagen (COL1A1) and type II col-
lagen (COL2A1) by Western blotting analysis of HAC 
cultured in monolayer (2D) for 10 days and in 3D model 
for 12 days (Figure 1A). Ent at 1 μM concentrations did 
not modify protein level of COL2A1 but 5 μM increased 
COL2A1 protein level by 1.63 -fold. On the other hand, 
Ent 1 and 5 μM reduced those of COL1A1 by 44% and 
21% respectively  in monolayer culture (Figure 1B). The 
HAC culture of another patient for 12 days in 3D model 
(Figure 1B) showed that Ent at 1 and 5 µM stimulated 
the production of COL2A1 protein levels by 1.60 -fold 
and 1.37 -fold respectively, and COL1A1 by 1.55 -fold 
and 1.44 -fold respectively (Figure 1B). 

In our study, the Ent has the same effects on protein 
expression of both collagens (COL2A1 and COL1A1) 
regardless of the dose used on HAC incubated on 3D 
model. Whereas in monolayer culture (2D), the Ent (1 
μM) did not change the COL2A1 protein expression but 
decreased COL1A1 protein level.

Analyses of real-time Polymerase Chain Reaction of 
2D and 3D models 
When HAC of three patients are incubated in hypoxia 
for 10 days in monolayer 2D model, the analysis of real-
time PCR indicated that Ent at 1 and 5 µM increased 
significantly the expression of COL2A1 by 3.21-fold 
(p<0.001) and 1.71-fold (p<0.05) respectively (Figure 
2A). On the other hand, these doses induced a signifi-
cant reduction in mRNA levels of the dedifferentiation 
marker, the COL1A1, by 48% and 79% respectively 
(p<0.001) (Figure 2B). In addition, we evaluated the 
COL2A1/COL1A1 mRNA ratio, differentiation index 
which provides an indication of the differentiation sta-
tus of chondrocytes and their functional index28-31. The 
differentiation index calculated from COL2A1/ CO-
L1A1 was higher : 6.22 -fold and 7.95 -fold in mono-
layer cultured chondrocytes stimulated with 1 and 5 µM 
of Ent respectively in 2D model (Figure 2C). Thereafter, 
we have measured the impact of a biomaterial (sponge 
of type I collagen) on the mRNA expression of COL2A1 
and COL1A1. We used the 3D model as previously des-
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cribed32 Our data revealed that the expression of CO-
L2A1 mRNA was enhanced by 3.5 -fold (p <0.001) (Fi-
gure 2A), while the expression of COL1A1 mRNA was 
significantly inhibited by 80% (p<0.001) (Figure 2B). 
Moreover the differentiation index COL2A1 / COL1A1 
was higher (17.5 -fold) in 3 D model (Figure 2C). This 
ratio was in the range of 3.76 -fold and 24.52 -fold in 
the presence of 0.1 and 1 nM 17β-E2 respectively used 
as positive control. These results suggested the rediffe-
rentiation of chondrocytes by the Ent. 

In addition, comparison of COL2A1 and COL1A1 
mRNA expression induced by Ent in the two models 
(2D and 3D) revealed that in sponge 3D, the relative 
expression of CO2A1 was slightly higher than that 
obtained in  2D model. While the inhibition of COL1A1 
mRNA expression in 3D model was comparable to that 
found in the 2D model.

Expression of articular chondrocyte 
biomarkers in the presence of Ral cultured 
in 2D and / or 3D models
Analyses of Western-Blotting of 2D and 3D models 
after treatment with Ral
First, we tested the effect of Ral on protein expression of 
COL1A1 and COL2A1 on HAC of a patient cultured in 
2D and of another patient in 3D for 10 and 12 days res-
pectively by Western Blotting (Figure 3A). Whatever the 
dose or model used, the protein expression of COL2A1 
is promoted by Ral especially in 3D system, compared 
to the untreated HAC (Figure 3B). Ral at 0.1 and 1 µM 
increased COL2A1 by 1.57 -fold and 1.87 -fold respec-
tively in 3D culture and by 1.44 -fold and 1.29 -fold 
respectively in monolayer model (Figure 3B). However, 
these two doses 0.1 and 1 µM of Ral slightly modified 
the biomarker of dedifferentiation COL1A1 by 1.10 
-fold and 1.17 -fold respectively in 3D model. While in 
monolayer (2D) model, the protein expression of CO-
L1A1 remained unchanged (1.09 -fold) with 0.1 µM Ral  
but  increased (1.52 -fold) with Ral at 1 µM (Figure 3B).

In addition, comparison of the protein expression of 
COL2A1 and COL1A1 in these models  revealed that 
the expression of COL2A1 was higher in 3D than in 
2D model but COL1A1  protein expression was less in 
sponge 3D than in monolayer model.

Analyses of real-time Polymerase Chain Reaction of 
2D and 3D models.
When HAC from 4 patients are incubated in hypoxia for 
10 days in monolayer 2D system, the analysis of real-
time PCR showed that Ral at 0.1 and 1 µM, increased 
significantly the expression of COL2A1 by 1.95 -fold 
(p<0.05) and 6.93 -fold (p<0.001) respectively (Figure 
4A). Looking at the effect of the positive control, 17β-E2, 
there was a significant increase in monolayer 2D model 

Figure 1. (A): Effect of enterolactone (ENT)  on protein 
expression of type II collagen (COL2A1) and type I collagen 
(COL1A1) in human articular chondrocytes cultured after 
one passage in hypoxia monolayer (2D) or collagen sponge 
(3D). (B): Quantification of the relative expression of COL2A1 
and COL1A1 after treatment with Ent (1 and 5 µM) by 
densitometric analysis of the blots using the Image J software 
and normalized to GAPDH protein control signal. The 
significance of differences was assassed using the Student’s t-test
*p<0.05 ; ***p<0.001 vs control ; †p<0.05 ; ‡p<0.001 vs 1µM 
Ent.
Human articular chondrocytes (HAC) obtained following 
digestion of the fragments of the human articular cartilage by 
specific enzymes, were cultured and amplified in the presence 
of 21% oxygen in a medium containing phenol red DMEM 
+ 10% FCS. After one passage, HAC from two patients were 
cultured in monolayer (at 40 000 cells per cm2) for 24 hours 
in normoxia in phenol red-free DMEM + 10% steroid-free and 
decomplemented FCS. For 3D culture, HAC from these patients 
were first grown in sponge of type I collagen (at 400 000 cells 
per sponge) in the presence of 21% oxygen for 16 hours in a 
medium containing phenol red-free DMEM + 10% steroid-free 
and decomplemented FCS. For both models (2D and 3D), the 
next day (day 0 of treatment), HAC were treated with phenol 
red-free DMEM, supplemented with 2% steroid-free FCS, 
treated or not with Ent (1 and 5 µM) for 10 and 12 days in a 
hypoxic environment (3% oxygen). Control represents cells 
without Ent treatment (0 µM). Then, the total protein extracts 
(20 µg) from these HAC were subjected to SDS-PAGE for 
analysis by “Western-blotting” with anti-type II collagen (COL2 
A1), anti-type I collagen (COL1 A1) and anti-glyceraldehyde 
3-phospho dehydrogenase (GAPDH) reference gene antibodies. 
Western-blots were repeated two times with similar results, and 
a representative western blot is displayed. 
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with 0.1 nM dose (p<0.05). For ACAN mRNA expres-
sion, we observed in monolayer that the two concen-
trations of 0.1 and 1 µM of Ral increased significantly 
the expression by 2.14 -fold and 3.74 -fold (p<0.05 and 
p<0.001) respectively (Figure 4B). Concerning the po-
sitive control, we observed a significant expression in 
monolayer model with the two doses of 0.1 and 1 nM of 
17β-E2 (p<0.01). On the other hand, in monolayer we 
observed that Ral at 0.1 µM increased the expression of 
mRNA SNORC but not significantly, while Ral (1 µM) 
decreased this expression not significantly (Figure 4C). 
As regards the chondrocyte marker of dedifferentiation, 
the expression of COL1A1 in monolayer is decreased 
but not significantly with 0.1 µM of Ral whereas 1 µM of 
Ral increased significantly this expression by 1.42 -fold 
(p<0.01) (Figure 4D). The effect of Ral on the expression 
of COL10A1 showed a significant increase by 1.2 -fold 
(p<0.05) in monolayer with 0.1 µM and a significant 
decrease with 1 µM of Ral by 93% (p<0.01) (Figure 4E). 

Thereafter, we used the 3D model to determine the 
mRNA expression of the biomarkers (COL2A1, ACAN, 
SNORC, COL1A1 and COL10A1). We observed that 
the Ral (0.1 µM and 1 µM) increased significant the 
COL2A1 mRNA expression by 1.42 -fold (p<0.01) and 
1.35 -fold (p<0.01) respectively (Figure 4A). Moreover, 
the Ral (1µM) increased significantly the expression of 
17β-E2 mRNA (p<0.001), the positive control (Figure 
4A). On the other hand, the Ral (0.1 and 1 µM) en-
hanced significantly the ACAN mRNA expression by 
1.34 -fold and 1.53 -fold respectively (p<0.05) (Figure 
4B) and  mRNA SNORC expression by 1.43 and 1.99 
-fold (p<0.05 and p<0.001) respectively (Figure 4C). 
In contrast, Ral (0.1 and 1 µM) inhibited the expression 
of COL1A1 mRNA by 23% (p<0.05) and 42% (p<0.01) 
respectively (Figure 4D) and only the dose of 1 µM Ral 
decreased significantly the expression of COL10A1 by 
85% (p<0.001) (Figure 4E).

To evaluate the differentiation index of chondrocytes 
under the effect of Ral, we determined the ratios of CO-
L2A1 / COL1A1 mRNA, COL2A1 / COL10A1, ACAN 
/ COL1A1, ACAN / COL10A1, SNORC / COL1A1 and 
SNORC / COL10A1. In 3D model, Ral (0.1 and 1 µM) 
increased the ratios of COL2A1 / COL1A1 by 1.84 -fold 
and 2.32 -fold respectively; and COL2A1 / COL10A1 by 
1.30 fold and 9.0 -fold; and ACAN / COL1A1 by 1.74 
-fold and 2.63 -fold;  ACAN / COL10A1 by 1.22 -fold 
and 10.2 -fold; SNORC / COL1A1 by 1.85 -fold and 
3.43 -fold; and finally SNORC / COL10A1 by 1.31 -fold 
and 13.26 -fold. In 2D monolayer model, the Ral (0.1 
and 1 µM) increased ratios of COL2A1 / COL1A1 by 
2.09 -fold and 4.80 -fold; COL2A1 / COL10A1 by 1.68 
-fold and 7.57 -fold; ACAN / COL1A1 by 2.31 -fold and 
2.63 -fold; ACAN / COL10A1 by 1.84 -fold and 53.42 
-fold; and finally, SNORC / COL10A1 by 1.12 -fold and 

Figure 2. Effect of enterolactone (Ent) on mRNA expression 
of COL2A1 (A) and COL1A1 (B) in HAC from different patients 
and differentiation index (COL2A1/COL1A1 ratio) (C) of HAC 
under the effect of Ent in monolayer (2D) and sponge (3D).
 
Human articular chondrocytes (HAC) obtained following 
digestion of the fragments of the human articular cartilage by 
specific enzymes, were cultured and amplified in the presence 
of 21% oxygen (normoxia) in a medium containing phenol 
red DMEM + 10% FC. After one passage, HAC from three 
patients were cultured in monolayer (at 40 000 cells per 
cm2) for 24 hours in normoxia in phenol red-free DMEM + 
10% steroid-free and decomplemented FCS. HAC from these 
patient were initially grown in a biomaterial (at 400 000 cells 
per sponge) in the presence of 21% oxygen for 16 hours in a 
medium containing phenol red-free DMEM + 10% steroid-free 
and decomplemented FCS. For both culture models (2D and 
3D), the next day (day 0 of treatment), HAC are treated with 
phenol red-free DMEM, supplemented with 2% steroid-free 
FCS, treated or not with Ent (1 and 5 µM) for 10 and 12 days 
and 17β-E2 (0.1 and 1 nM) in a hypoxic environment (3% 
oxygen). Control (Ctrl) represents cells without Ent and 17β-
E2 treatment. Then the RNAs from these HAC were extracted 
for analysis by RT-PCR with primers specific genes collagen 
type II (COL2A1) and primers specific genes collagen type I 
(COL1A1). The domestic reference gene is the gene RPL13 
(“Ribosomal Protein L13”). The results represent the mean 
of three measurements (triplicate) ± SD. The significance of 
differences was assessed using the Student t test (* p<0.05; 
** p<0.01; *** p<0.001). Differentiation index are calculated 
by the ratio of the normalized relative expression of COL2A1 
mRNA relative to that of COL1A1. U.A: arbitrary unit.
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11.28 -fold respectively. The SNORC / COL1A1 ratio 
was increased by 1.4 -fold but decreased by 55% with 
0.1 and 1 µM of Ral respectively.

Mean studied chondrocytes biomarkers of HAC 
obtained from four patients cultured in 3D with Ent 
and Ral 
Considering all the results of HAC of different patients 
obtained individually, and in order to confirm the chon-
drogenic effects of the studied molecules, we maintained 
the cell culture conditions that gave the best differentia-
tion index and repeated the experiments of HAC from 
four patients cultured in hypoxia environment and 3D 
model. Thereby, we used Ent at 1 µM and Ral at 1µM 
and 1 nM of 17β-E2 as positive control. The results of 
these experiments are presented in figure 5. The ana-
lysis of RT -PCR indicated that Ral at 1 µM increased 
slightly but not significantly the mRNA expression of 
COL2A1 (Figure 5A), ACAN (Figure 5B) and SNORC 
(Figure 5C), whereas the mRNA expression of COL1A1 
was reduced significantly by 43% (p<0.01) (Figure 5D) 
but the mRNA expression of COL10A1 was almost un-
changed (Figure 6E). In contrast, the Ent at 1 µM en-
hanced significantly the mRNA expression of COL2A1 
by 1.3 -fold (p<0.05) (Figure 5A), but inhibited the 
mRNA expression of COL1A1 by 46% (p<0.05) (Figure 
5D) and COL10A1 by 45% (p<0.05) (Figure 5E).

The chondrogenic differentiation index revealed that 
the concentration of 1 µM of Ral increased significantly 
the ratios of COL2A1 / COL1A1 by 1.88 -fold (p<0.01) 
(Figure 6A) and SNORC / COL1A1 by 2.32 -fold 
(p<0.05) (Figure 6E) and enhanced but not significantly 
the ratios of COL2A1 / COL10A1 by 2.87 -fold (Figure 
6B), ACAN / COL1A1 by 2.32 -fold (Figure 6C), ACAN 
/ COL10A1 by 5.60 -fold (Figure 6D) and SNORC / CO-
L10A1 by 4.98 -fold (Figure 6F). On the other hand, 
Ent at 1 µM increased significantly (p<0.05) the ratios 
of COL2A1 / COL1A1 by 4 -fold (Figure 6A), COL2A1 
/ COL10A1 by 3 -fold (Figure 6B) and ACAN / COL1A1 
by 1.92 -fold (Figure 6C). When multiple comparisons 
between differentiation index were made COL2A1 / 
COL1A1 and SNORC / COL10A1 were found signifi-
cantly different (p <0.039).

DISCUSSION
The imbalance between the anabolic and catabolic ac-
tivities of chondrocytes is responsible for the pathoge-
nesis of osteoarthritis. Indeed, the arthritic process is a 
modulation of the chondrocyte phenotype inducing the 
decreased production of type II collagen and aggrecan 
and the increased expression of type I and X collagen33. 
Several factors are involved in the process of cartilage 
degradation. Among them interleukins (ILs)18 are im-
plicated in the cartilage resorption by stimulation of 

Figure 3. (A): Effect of raloxifene (Ral) on protein 
expression of type II collagen (COL2A1) and type I collagen 
(COL1A1) in human articular chondrocytes cultured after 
one passage hypoxia monolayer (2D) or collagen sponge 
(3D). (B): Quantification of the relative expression of COL2A1 
and COL1A1 after treatment with Ral (0.1 and 1 µM) by 
densitometric analysis of the blots using the Image J software 
and normalized to GAPDH protein control signal. The 
significance of differences was assassed using the Student’s t-test 
***p<0.001 vs control ;†p<0.05 ; ‡p<0.001 vs 0.1µM Ral.

Human articular chondrocytes (HAC) obtained following 
digestion of the fragments of the human articular cartilage by 
specific enzymes, were cultured and amplified in the presence 
of 21% oxygen in a medium containing phenol red DMEM 
+ 10% FCS. After one passage, HAC from two patients were 
cultured in monolayer (at 40 000 cells per cm2) for 24 hours 
in normoxia in DMEM phenol red-free + 10% steroid-free 
and decomplemented FCS. HAC from these patients were 
first grown in a biomaterial (at 400 000 cells per sponge) 
in the presence of 21% oxygen for 16 hours in a medium 
containing phenol red-free DMEM + 10% steroid-free and 
decomplemented FCS. For both models of cultures (2D and 
3D), the next day (day 0 of treatment), HAC are treated with 
phenol red-free DMEM, supplemented with 2% steroid-free 
FCS, treated or not with Ral (0.1 and 1 µM) for 10 and 12 days 
in a hypoxic environment (3% oxygen). Control represents 
cells without Ral treatment (0 µM). Then, the total protein 
extracts (20 µg) from these HAC were subjected to SDS-
PAGE for analysis by “Western-blotting” with type anti type II 
collagen (COL2 A1) anti type I collagen (COL1 A1) and anti-
glyceraldehyde 3-phospho dehydrogenase (GAPDH) reference 
gene antibodies. Western-blots were repeated two times with 
similar results, and a representative western blot is displayed. 
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Figure 4. Effects of raloxifene (Ral) on mRNA expression of COL2A1 (A), of ACAN (B) SNORC (C), COL1A1 (D) and of COL10A1 
(E) in HAC from different patients incubated in hypoxia monolayer (2D) or sponge (3D) for 10 or 12 days.

Human articular chondrocytes (HAC) obtained following digestion of the fragments of the human articular cartilage by specific 
enzymes, were cultured and amplified in the presence of 21% oxygen (normoxia) in a medium containing phenol red DMEM + 10% 
FCS. After one passage, HAC from four patients were cultured in monolayer (at 40 000 cells per cm2) for 24 hours in normoxia in 
DMEM phenol red-free + 10% steroid-free and decomplemented FCS. HAC from these patients were first grown in a biomaterial 
(at 400 000 cells per sponge) in the presence of 21% oxygen for 16 hours in a medium containing phenol red-free DMEM + 10% 
steroid-free and decomplemented FCS. For both models, the next day (day 0 of treatment), HAC are treated with phenol red-
free DMEM, supplemented with 2% steroid-free FCS, treated or not with Ral (0.1 and 1 µM) and 17β-E2 (0.1 and 1 nM) for 10 
and 12 days in hypoxic environment (3% oxygen). Then the RNAs from these HAC were extracted for analysis by RT-PCR with 
primers specific gene type II collagen (COL2A1) from “Small Novel Rich in Cartilage” (SNORC), aggrecans (ACAN), collagen type I 
(COL1A1), and X-type (COL10A1). The domestic reference gene is the gene RPL13 (“Ribosomal Protein L13”). The results represent 
the mean of three measurements (triplicate) ± SD. The significance of differences was assessed using a Student t test (* p <0.05; ** p 
<0.01; *** p <0.001). Ctrl: control, Ral: raloxifene, E2: 17β-E2, U.A: arbitrary unit.
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the MMPs34 and catabolic factors of chondrocytes, in-
volved in the degradation of extracellular matrix. Mo-
reover, depletion of estrogens in postmenopausal wo-
men is a risk factor of OA35 because estrogens play an 
important role in the regulation of collagen metabolism, 
both in the bone, intervertebral discs and in articular 
cartilage36,37. Our findings revealed that Ent and Ral, a 
phytoestrogen and a selective estrogen receptor modula-
tor respectively increased type II collagen and aggrecan 
and reduced type I and X collagens in cultured human 
chondrocytes using both monolayer 2D and biomaterial 
3D systems. 

Our results with Ent 1 µM showed that this phytoes-
trogen modulated the biomarkers.  Indeed, the mRNA 
and protein expression of type II collagen, the specific 
differentiated chondrocytes marker are increased by the 

stimulation of Ent in cultured HAC. The trend was simi-
lar when considering the COL1A1 which decreased. In 
addition, the differentiation index28-31 based on the ratio 
of mRNA levels of collagen COL2A1 / COL1A1 indicat-
ed change of HAC favoriting type II collagen expression, 
a differentiated chondrocytes marker. Taken together 
these results suggested that the Ent could protect car-
tilage from the loss of its integrity. Our results were in 
accordance with a previous study38 testing the effect of 
another phytoestrogen, the genistein, and has reported 
that this molecule had not significant effect on human 
cartilage glycoprotein 39 (YKL-40), a marker of carti-
lage catabolism. Thus, these authors38 have obtained a 
positive effect of this phytoestrogen on chondrocytes 
by inhibiting the production of pro-inflammatory mo-
lecules COX-2 and nitric oxide (NO)39 which promote 

Figure 5. Effect of 17β-E2 (E2), Raloxifene (Ral) and Enterolactone (Ent) on mRNA expression of COL2A1 (A), ACAN (B), SNORC 
(C), COL1A1 (D) and COL10A1 (E) in HAC from four patients (n = 4) incubated in hypoxia and 3D environment.

Human articular chondrocytes (HAC) obtained following digestion of the fragments of the human articular cartilage by specific 
enzymes, were cultured and amplified in the presence of 21% oxygen in a medium containing phenol red DMEM + 10% FCS. After 
one passage, HAC from four patients were initially grown in a biomaterial (at 400 000 cells per sponge) in the presence of 21% 
oxygen for 16 hours in a medium containing phenol red-free DMEM + 10% steroid-free and decomplemented FCS. The next day 
(day 0 of treatment), HAC are treated with phenol red-free DMEM, supplemented with 2% steroid-free FCS, treated or not with 
17β-E2 (0.1 nM), Ral (1 µM) and Ent (1 µM) for 12 days in hypoxic environment (3% oxygen). Then the RNAs from these HAC 
were extracted for analysis by RT-PCR with specific primers of the genes for type II collagen (COL2A1), aggrecans (ACAN), “Small 
Novel Rich in Cartilage” (SNORC), type I collagen (COL1A1) and type X collagen (COL10A1). The domestic reference gene is the 
gene RPL13 (“Ribosomal Protein L13”). The results represent the mean of three measurements (triplicate) ± SD. The significance 
of differences was assessed using a student t test (* p <0.05). Ctrl: control, E2: 17β-E2, Ral: raloxifene, Ent: enterolactone, U.A: 
arbitrary unit.
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Figure 6. Differentiation index of COL2A1 / COL1A1 (A), COL2A1 / COL10A1 (B), ACAN / COL1A1 (C), ACAN / COL10A1 (D), 
SNORC / COL1A1 (E) and SNORC / COL10A1 (F) of HAC from four patients (n = 4) incubated in sponge 3D in the presence of 
17β-E2 (E2), Raloxifene (Ral) and Enterolactone (Ent).

Human articular chondrocytes (HAC) obtained following digestion of the fragments of the human articular cartilage by specific 
enzymes, were cultured and amplified in the presence of 21% oxygen in a medium containing phenol red DMEM + 10% FCS. After 
one passage, HAC from four patients were initially grown in a biomaterial (at 400 000 cells per sponge) in the presence of 21% 
oxygen for 16 hours in a medium containing phenol red-free DMEM + 10% steroid-free and decomplemented FCS. The next day 
(day 0 of treatment), HAC are treated with phenol red-free DMEM, supplemented with 2% steroid-free FCS, treated or not with 
17β-E2 (0.1 nM), Ral (1 µM) and Ent (1 µM) for 12 days in hypoxic environment (3% oxygen). Then the differentiation index is 
calculated respectively by the ratio of the relative mRNA expression of COL2A1, ACAN and SNORC normalized relative to those of 
COL1A1 and COL10A1. Statistical analysis was performed using the One-Way ANOVA test. Comparison of the differences between 
biomarkers ratios was performed using the One-Way ANOVA test. Ctrl: control, E2: 17β-E2, Ral: raloxifene, Ent: enterolactone, U.A: 
arbitrary unit.
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CONCLUSION  
The present study showed that SERMs like Ral and a 
phyto-estrogen like Ent can act as natural hormones, 
the estrogens, on articular chondrocytes of osteoarthri-
tis patients by reshaping differentiation indexes and sti-
mulating expression of COL2A1, ACAN and SNORC, 
the differentiated biomarkers of hyaline cartilage. These 
results could open investigations fields concerning the 
use of these molecules in cellular engineering of the car-
tilage but also in the context of the hormonal replace-
ment therapy for pre- or post-menopausal women to 
reduce side effects of natural estrogen.
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