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Abstract. – OBJECTIVE: Our present study 
aimed to evaluate the effects of Wnt11 overex-
pression on the adipose-derived stem (ADSCs) 
cells differentiation to the nucleus pulposus 
(NP) cells and its function in the ADSCs cells 
growth, proliferation and induction of the NP 
cells markers.

MATERIALS AND METHODS: The cell growth 
was detected using the (3-(4,5-dimethylthi-
azol-2-yl)-2,5-diphenyl tetrazolium bromide) 
(MTT) assay and the cell cycle was assessed by 
the flow cytometry. The cells morphology was 
evaluated using the transmission electron mi-
croscopy. The transfection efficiencies of Wnt11 
lentivirus were observed under fluorescence mi-
croscope. Besides, Quantitative Real-time PCR 
and Western blot analysis were applied to detect 
the relative mRNA and protein levels.

RESULTS: Wnt11 lentivirus treatment could 
inhibit the ADSCs cells growth and arrest the 
cell cycle progression at the G0/G1 phase. Be-
sides, the overexpression of Wnt11in ADSCs 
cells could induce the expression of the NP cells 
markers. Levels of SOX-9, aggrecan, and colla-
gen type II were significantly increased in the 
ADSCs cells transfected with the Wnt11 lentivi-
rus, in comparison with the untreated cells or 
the vector controls. 

CONCLUSIONS: The Wnt11 overexpression 
may provide some experimental evidence for 
the possible opportunity of the Wnt11 to pro-
mote the ADSCs cells differentiating to the NP 
cells. Therefore, the Wnt11 overexpression may 
have a potential utility for the treatment of the in-
tervertebral disc degeneration.
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Introduction

Low back pain is a kind of common diseases1, 
and the major cause of it is the intervertebral disc 
degeneration (IDD)2. Intervertebral disc (IVD) is 
mainly consists of three following components: 
the outer annulus fibrosus, the central hyperhy-
drated nucleus pulposus (NP), and the lower and 
upper cartilaginous endplates3. Though the caus-
es responsible for IDD remain unknown, the de-
crease of the number and function of NP cells are 
believed to be a central trigger of IDD4,5. Over the 
last ten years, cell transplantation has turned into 
a major biological method to treat IDD6-8. Stem 
cell is a kind of fascinating cell sources for the 
IDD treatment, so as for their ability for multiline 
age differentiation, the high potential in culture, 
and the capacity of self-renewing9. Varieties of 
stem cells have been widely used in the cell trans-
plantation for the clinical IDD treatment, for ex-
ample: the adipose derived stem cells (ADSCs)10; 
the human umbilical tissue derived cells11; the 
synovium derived stem cells12; the bone marrow 
derived stem cells (BADSCs)13. Wnt family is a 
kind of highly conserved and secreted glycopro-
teins that participates in the regulation of many 
biological processes, for example, cellular devel-
opment, growth, apoptosis, and proliferation14,15. 
Wnt genes can promote some signal transduction 
via many signaling pathways, as well as the Wnt 
noncanonical pathway16,17. Some studies have sug-
gested that Wnt signaling may participate in the 
regulation of MSC (mesenchymal stem cells) 
and chondrogenesis differentiation. Witte et al18 
once reported that total 19 Wnt genes were found 
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during the process of cartilage differentiation and 
mouse limb development. Besides, it was shown 
that Wnt3a could suppress the chondrogenic dif-
ferentiation whereas promotes the proliferation of 
the ADSCs19,20. Moreover, the expression of either 
Wnt7a or Wnt1 can cause a distinct block in the 
chondrogenesis21. Ryu and Chun22 reported that 
Wnt11 can stimulate the Col-II accumulation in 
the articular chondrocytes. In addition, gene ex-
pression peak of Wnt11 was found at the last stage 
of the human ADSCs differentiation, suggesting 
that Wnt11 may be involved in the regulation of 
the ADSCs differentiation23. In the present study 
we explored the potential effects of Wnt11 over-
expression on the ADSCs cells differentiation to 
the NP cells. The function of Wnt11in the growth 
and proliferation of the ADSCs cells was also 
investigated. Furthermore, the expression of NP 
cells markers such as aggrecan, collagen type II 
and SOX-9 were also detected in the ADSCs cells 
after Wnt11 lentivirus transfection. 

Materials and Methods

Cell Culture
Adult Sprague Dawley (SD) rats weighing 250-

300 g were sacrificed for the following experi-
ments. Rat adipose tissues were simply obtained 
by the liposuction from the abdominal subcutane-
ous fat. Then the harvested adipose tissues were 
orderly digested, filtered, and centrifuged. All 
detailed procedures were carried out according 
to the previous study24. The process for the rat 
ADSCs preparation was carried out under the 
GMP conditions in Stem Cell Research Center of 
Nanjing Medical University.

Wnt 11 Lentivirus Preparation
The rat Wnt11 lentivirus and its lentiviral 

vector green fluorescent protein (Lv-GFP) were 
pursued from the Genechem (Shanghai, China). 
To verify the lentiviral particles, the rats Wnt11 
lentivirus and their lentiviral vector were trans-
fected into the 293T cells following the manu-
facturer’s protocol. Transduction of the Lv-GFP 
lentivirus was applied for the control. After 96 h 
transfection to ADSCs, cells were observed under 
fluorescence microscope to verify the transfec-
tion efficiency.

Cell Analysis by Flow Cytometry 
Flow cytometry analysis was carried out to 

detect the characteristics of the isolated ADSC 

cells according to the previous study25. An-
ti-Sca-1 (Abcam, Cambridge, MA, USA) and 
CD44 antibodies (Abcam, Cambridge, MA, 
USA) were specifically employed for markers 
of adipose-derived stromal cells while CD45 
antibodies (Abcam, Cambridge, MA, USA) and 
CD11b antibodies (Abcam, Cambridge, MA, 
USA) were used as negative control. Cell cy-
cle analysis was performed on a FACS Cali-
bur flow cytometer (BD Biosciences, Franklin 
Lakes, NJ, USA).

MTT Assay
Cells were plated in the 24 well plates (5*103 

cells per well) (Genechem, Shanghai, China). Lv-
Wnt11 and the same volume Lv-GFP were added 
after cells attachment to the plates. Then, after 
the cells were cultured for 96 h, baseline values 
were obtained by an MTT assay (Life Technol-
ogies, Woburn, MA, USA). It is a colorimetric 
assay to test viable cells by measuring formazan 
reduced from dimethyl sulfoxide (DMSO). Af-
ter 20 min of incubation with 3-(4,5-dimeth-
ylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide 
(MTT), we extracted formazan by dimethyl sulf-
oxide (DMSO) (Genechem, Shanghai, China) and 
tested the optical density at 540 nm. Experiments 
were triplicated (n=3). 

Quantitative Real-time PCR
After treatment, the cells were collected to 

determine the expression of relative mRNA lev-
els by qRT-PCR. Total RNA was extracted by 
the Trizol RNA extraction reagent (Invitrogen, 
Carlsbad, CA, USA) following the protocols and 
quantified by spectrophotometer method. Puri-
fied RNA with equal volume was reverse tran-
scribed (RevertAid Fist Strand cDNA Synthesis 
Kit, Thermo Scientific, Waltham, MA, USA). 
The cDNA products were subjected to Real-time 
quantification on an ABI PRISM 7000 Sequence 
Detection System (TaKaRa Biotechnology, Da-
lian, China).

Western Blot
After treatment, the cells were collected and 

the protein extracted with radioimmunoprecipi-
tation assay (RIPA) lysis buffer. The protein con-
centrations were quantified by the bicinchoninic 
acid assay (BCA) method. 30 mg protein samples 
were run on 10% gels, and then transferred to 
the polyvinylidene fluoride (PVDF) membrane. 
After 1 h of blocking with the 5% non-fat milk, 
the membranes were incubated with the primary 
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rabbit anti-Wnt11 (1:1000, Abcam, Cambridge, 
MA, USA), rabbit anti-aggrecan, anti-collagen 
type II and SOX-9 antibodies (Santa Cruz Bio-
technology, Santa Cruz, CA, USA), and the rabbit 
anti GADPH (1:1000, Abcam, Cambridge, MA, 
USA) at 4°C over night. Washing in tris buffered 
saline-tween (TBST) for three times, the mem-
branes were then incubated with a peroxidase 
(HRP) labeled secondary antibody (1:5000, Santa 
Cruz Biotechnology, Santa Cruz, CA, USA) for 2 
h. The bands were washed again, enhanced with 
chemiluminescence reagents and visualized with 
the ChemiDocTM MP Imaging System (Bio-
Rad, Hercules, CA, USA). 

Statistical Analysis
All data were expressed as the mean ± 

standard error of the mean (SEM), and were 
analyzed using a one-way analysis of variance 
followed by Bonferroni-Dunn correction. Sta-
tistical analysis was performed using the SPSS 
software (SPSS Inc. Chicago, IL, USA) version 
20.0.

Results

Characterization of Rat Adipose-Derived 
Stromal Cells 

To confirm the isolated ADSCs validity, we 
performed the flow cytometry analysis. Culti-
vation of primary ADSCs for 5 days, the cells 
proliferated (Figure 1A). The results of flow cy-
tometry analysis suggested that the isolated cells 
were positive for Sca-1 and CD44 (Figure 1B), 
which were recognized as ADSCs cells markers. 
Meanwhile, the cells showed strong negative sig-
nals of the stem non-specific markers CD45 and 
CD11b (Figure 1B).

Wnt11 Transfection in ADSCs 
Inverted fluorescence microscopy was used to 

observe the effect of 96 h transfection of ADSCs 
with different multiplicity of infection (MOI). As 
shown in Figure 2, when transfected with Lv-
GFP, ADSCs almost had no fluorescence expres-
sion. When transfected with Lv-Wnt11 MOI = 20, 
the ADSCs and fluorescence intensity was weak. 
When MOI = 40, light intensity and positive 
cells increased significantly, and positive cells 
remained spindle-shaped or short spindle shape. 
When MOI = 60, the fluorescence intensity and 
the number of positive cells were less than that 
MOI = 40.

Wnt11 Levels in ADSCs After Transfection
Western blot analysis and qRT-PCR experi-

ment were applied to assess the levels of Wnt11 
to further confirm the effectiveness of Wnt11 
lentivirus transfection (MOI = 40). As shown in 
Figure 3A, Wnt11 mRNA level increased signifi-
cantly in the Lv-Wnt11 group after 96 h transfec-
tion in comparison with the control group and the 
Lv-GFP group. Moreover, the consistent results 
acquired that the Wnt11 protein level increased 
markedly in the Lv-Wnt11 group after 96 h trans-
fection in comparison with the control group and 
the Lv-GFP group (Figure 3B). 

Wnt11 Overexpression Inhibited the 
ADSCs Proliferation

In comparison with the control group and the 
Lv-GFP group, the Wnt11 overexpression (MOI 
= 40) significantly inhibited the ADSCs prolif-
eration (Figure 4A). Besides, whether the Wnt11 
overexpression in the ADSCs could change, the 
cell cycle was investigated by the flow cytome-
try. As showed in Figure 4B, the cell cycle was 
obviously arrested at the G0/G1 phase in the 
ADSCs cells after transfected with the Lv-Wnt11. 
Meanwhile, the ADSCs number in S stage was 
significantly reduced (Figure 4B). These results 
suggested that the Wnt11overexpression could 
inhibit the ADSCs proliferation by resulting in a 
G0/G1 cell cycle arrest. 

Wnt11 Overexpression Induced the Ex-
pression of NP Cells Markers

To test the hypothesis that overexpression of 
Wnt11 (MOI = 40) could induce the expression 
of NPs markers, SOX-9, aggrecan, and collagen 
type II levels were determined by the qRT-PCR 
and Western blot. As shown in Figure 5A-C, lev-
els of aggrecan, collagen type II and SOX-9 were 
markedly increased in the ADSCs transfected 
with the Lv-Wnt11 in comparison with the un-
treated cells and the Lv-GFP vector. 

Discussion

In our present research, the potential effects 
of Wnt11 overexpression on the ADSCs cells 
differentiation to NP cells were evaluated. Our 
results suggested that the Lv-Wnt11 treatment 
could inhibit the ADSCs cells growth and arrest 
the cell cycle progression at the G0/G1 phase. 
Besides, the overexpression of Wnt11in ADSCs 
cells could induce the expression of NPs mark-
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ers. As shown, the levels of aggrecan, collagen 
type II and SOX-9 were markedly increased in 
the ADSCs transfected with the Lv-Wnt11 in 
comparison with the untreated cells and the Lv-

GFP vector. The central NP consists of ample 
extracellular matrix and a small number of 1% 
of the volume NP cells in human normal disc26. 
In the process of IDD, water content together 

Figure 1. Characterization of rat adipose-derived stromal. (A) The ADSCs cells morphology was evaluated using the 
transmission electron microscopy. (B) Flow cytometry analysis was carried out to verify the validity of the isolated ADSCs. 
Positive cells markers include Sca-1 and CD44 and the negative ones include CD45 and CD11b.
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Figure 2. Wnt11 transfection in ADSCs. Inverted fluorescence microscopy was used to observe the effect of 96h transfection 
of ADSCs with different multiplicity of infection (MOI). Fluorescence expression of ADSCs after transfected with Lv-GFP, 
Lv-Wnt11 MOI = 20, Lv-Wnt11 MOI = 40, and Lv-Wnt11 MOI = 60.

Figure 3. Wnt11 levels in ADSCs after transfection. RT-qPCR experiment (A) and Western blot analysis (B) was applied 
to assess the levels of Wnt11 to further confirm the effectiveness of Wnt11 lentivirus transfection. *Statistically significant 
difference (p < 0.01) between the treated groups and the control group.
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with the proteoglycan in NP cells decreases. NP 
cells become more fibrous and less gelatinous 
for the formation of fissures and cracks in the 
anulus fibrosus, that finally results in the devel-
opment of IDD26. In recent years, the stem cells 
application as a cellar treatment method of IDD, 
has brought a revolutionary chance with the tis-
sue engineering development. More important, 
ADSC cells have obtained intensive attention as 
a kind of cell sources in the organ repairs, due 
to its abundance in nature and convenient avail-
ability27. Concerning the IDD, previous studies 
have found that the specific culture conditions, 
growth factors and the soluble factors released 
by the NP cells can promote the ADSCs dif-

ferentiating to the NP cells phenotype. Tapp et 
al28 once noted that the ADSCs produced a kind 
of collagen I rich ECM and proteoglycan after 
the TGF-b treatment in the 3D cultures. With 
the method of transwell co-cultures, Lu et al29 
found that the ADSC cells gained the ability 
of differentiating to the NP cells phenotype in 
vitro. Moreover, in a rabbit model studying the 
ADSCs implantation, Chun et al10 found that the 
ADSCs injection into the injured lumbar discs 
could promote the cartilage regeneration, which 
turned out to be an effective treatment method 
of IDD. Nevertheless, the interaction network 
between the NP cells and the ADSC cells needs 
to be further implored. The new results in our 

Figure 4. Wnt11 overexpression on the ADSCs proliferation. (A) The ADSCs cells proliferation after the Wnt11 lentivirus 
transfection. Cell proliferation was measured by MTT assay. (B) The cell cycle of ADSCs was evaluated by flow cytometry 
analysis. Significant differences in protein levels were observed between the treated and control groups (all p < 0.01). 
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Figure 5. Wnt11 Overexpression on the levels of NP cells markers. RT-qPCR experiment and Western blot analysis was applied to assess 
the levels of aggrecan, collagen type II and SOX-9 (A-C). Statistically significant differences were between the treated groups and the 
control group (*p < 0.05, **p < 0.01).
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present study were that the Lv-Wnt11 treatment 
could inhibit the ADSCs cells growth, arresting 
the cell cycle progression at the G0/G1 phase. 
Besides, the overexpression of Wnt11in ADSCs 
cells could induce the expression of NPs mark-
ers, as so for levels of aggrecan, collagen type II 
and SOX-9, which were markedly increased in 
the ADSCs after the infection of Lv-Wnt11.
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