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upregulated in the co-culture models and the similar results 
about the expression of fibronectin, as an ECM associated 
molecular, were observed in CSCs/ADSCs group. Based on 
these results, we suggested that ADSCs might be responsible 
for the decreased expression of MMPs and the increased 
expression of collagens in CSCs, which in turn promoted ECM 
synthesis of CSCs.
DISCUSSION
Rabbits are considered as appropriate animal models to 
study the mechanism of ADSCs because of their blood lipid 
profile have the similarity with humans’ metabolism[1,5]. Our 
objective was to evaluate the role of rabbit ADSCs in CSCs in 
vitro. Subcutaneous adipose tissues in the groin were isolated 
from 28-day-old New Zealand rabbits by using collagenase 
digestion. They have the potential to differentiate into multiple 
cell lines. All isolated ADSCs demonstrated functional 
plasticity, which is proved by successfully performing 
osteogenic and adipocyte differentiation after addition of 
growth factors.

Figure 3 CSCs in vitro culture and identification  A: Under the microscope, the CSCs were in the spindle-shape. Original 
magnification: 200×. Scale bar represents 50 µm. B: The expression of the markers vimentin+ showed red fluorescence and CK12+ showed 
as green fluorescence. The nuclei of the cells were stained blue with DAPI. C: Annexin V-FITC Apoptosis Detection Kit was used to detect the 
proportions of apoptotic cells under the co-culture conditions of ADSCs. FL1-A: Annexin V; FL3-A: PI. D: CCK-8 detection kit was used to 
detect the proliferation of CSCs under CSCs cultured alone or ADSCs treatment conditions. The bar graph shows mean±SD in triplicate. aP<0.05 
and bP<0.01. 

Figure 4 ADSCs suppressed the expression of MMPs and promoted 
ECM synthesis in CSCs  The protein expression levels of MMPs 
(MMP1, MMP-2 and MMP-9), collagen type (I, II, III, IV, and V), 
ALDH, and fibronectin in CSCs and ADSCs-treated-CSCs 
determined by Western blot. β-actin were used as the internal control. 
aP<0.05.
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ADSCs play a major role in treating several regenerative 
diseases. The interest to ADSCs has been significantly 
generated in the field of stem cell research[23-24]. Recently, 
it has been reported that ADSCs play vital roles in 
revascularization[25]. Under proper inductions of ADSCs, 
vascular endothelial cells and vascular smooth muscle cells 
can be abtained by ADSCs’ differentiation. Several studies 
have reported the ADSCs induce angiogenesis via autocrine 
or paracrine of angiogenic cytokines[14-16,26-27]. By interactions 
between ADSCs and endothelial cells, new functional 
angiogenesis and revascularization were promoted. 
We have focused on the effect of ADSCs on CSCs plasticity. 
The morphology of CSCs did not show significantly difference 
after cocultured with ADSCs. The data have supported that 
the cell lines used were ADSCs and CSCs, as both expressed 
the characteristic markers. After coculturing for 3d, ADSCs 
could apparently enhance the proliferation of CSCs; however, 
at the fifth day, relative disparity remained while the absolute 
disparity decreases. Flow cytometry results showed two 
distinct populations of the two cocultured cell lines. This may 
be indicative of an inhibitory effect of ADSCs on apoptosis in 
CSCs. It has been reported that coculturing leads to an increase 
in differentiation of stem cells. Danisovic et al[28] and Burian 
et al[29] have been reported that bone marrow mesenchymal 
stem cells differentiated into chondrocytes in a direct coculture 
system. The results of viability and proliferation assays in 
this article agreed with the recent studies. It has been reported 
that external damage can induce the increase of cellular 
viability and proliferation, the production of collagens and the 
release of growth factors in ADSCs and other cells. Our data 
were consistent with those of previous reports; the viability 
and proliferative ability of CSCs were increased in, the co-
culture systerm, compared with those that were not exposed to 
ADSCs.
The ADSCs are known as an pivitol player in wound healing 
and tissue regeneration. In engineered tissue construct, ADSCs 
are often placed as seed cells to produce biologically important 
factors. A certain concentration of EGF treatment promoted 
the ADSCs’ paracrine[27]. Damages resulted from topical drugs, 
trauma, and infection to keratocytes often result in loss of 
intercellular contact and keratocyte-fibroblast-myofibroblast 
transition, which increase the risk of corneal scar formation, 
corneal opacification and visual impairment[21,30]. In our 
research, the treatment of a certain population of ADSCs 
promoted the CSCs’ paracrine. 
The stromal cellular layers show a vital role in the cornea. 
CSCs (keratocytes), as mesenchymal-derived cells, are the 
main cells of the corneal stroma. In adult tissues, CSCs are 
mitotically quiescent, with a flat, dendritic morphology, and 
are positive for CD34 and ALDH[31]. During corneal wound 
healing, CSCs are activated and transform into fibroblasts and/

or myofibroblasts, losing their dendritic morphology[32], and 
resulting in a reduction in ALDH[33] and corneal transparency. 
Our data indicated that the indirect co-culture of ADSCs and 
CSCs increased the expression of ALDH, suggesting that 
ADSCs increased corneal stroma by the promotion for the 
proliferation of CSCs.
In human, adipocytes were found to provide energy for the 
promotion of cancer cells. ADSCs have no excess fat storage 
and there is no evidence that ADSCs provide fatty acids for 
tumor progression[23]. However, ADSCs have been reported to 
motivate the progression of a variety of solid tumors[23]. This 
indicated that interactions between ADSCs and other cells 
may be the primary mechanism involved in ADSCs’ role. In 
addition, ADSCs show a better pro-angiogenic profile and 
enhance the secretion of higher levels of ECM components 
and MMPs. MMPs are a class of important proteases and 
play key roles in ECM degradation. The overexpression of 
MMPs had also been frequently reported in tumour tissues, 
and its importance in tumour angiogenesis was also well 
known. Through MMPs, a series of biochemical changes 
were triggered and it was involved in tumor metastasis, 
angiogenesis, and wound healing[26]. In the present study, 
under indirect co-culture with ADSCs, the proliferation and 
migration ability of CSCs, to a similar extent, was increased, 
but the expression of MMPs was decreased, indicating that the 
ECM promoting effects of ADSCs are possibly mediated by 
the paracrine of ADSCs and CSCs. However, this result was 
inconsistent with the previous reports.
Mounting evidence indicates that collagens mediate many 
changes in the microenvironment and regulate the non-cellular 
and cellular factors to facilitate tumor progression[32,34-36]. 
In this literature, the increases of collagens were observed 
in co-culture supernatants; collagens (I, II, III, IV, and 
V) in co-cultured CSCs were up regulated; the ADSCs 
mediated increases in CSCs proliferation and invasion could 
be enhanced by the selective inhibition of MMPs and the 
increase of collagens. The expression of collagens and MMPs 
contributed to the tumor-promoting effects of ADSCs in 
vitro. Some signaling pathways were involved in regulating 
the expression of these factors in cancer, such as Hedgehog, 
PI3Kinase/Akt and NF-κB[37-39]. However, precise mechanisms 
involved in the elevated Collagens and reduced MMPs in 
CSCs mediated by ADSCs remain unclear. Besides ADSCs, 
CSCs might influence the secretion of ADSCs, which needs to 
be verified in the following studies.
In conclusion, we isolated ADSCs from subcutaneous adipose 
tissues in the groin from New Zealand white rabbits. Our data 
indicated that ADSCs enhanced growth property of CSCs, 
and suppressed the apoptosis of CSCs. In addition, ADSCs 
promoted ECM synthesis in CSCs, which may be at least 
partially due to the inhibition of MMPs and the promotion 
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of Collagens level. These findings provide a novel insight 
into the mechanism how the ADSCs play a vital role in ECM 
synthesis. ADSCs significantly promoted CSCs growth and 
invasion, which may be associated with MMPs decrease and 
Collagens increase, suggesting a positive participation in the 
plasticity and ECM synthesis of CSCs. Our results provided 
further evidence of the extensive role of ADSCs in CSCs 
and a potential molecular target for cornea trauma therapy. 
Thus, a combination of a tissue-engineered human corneal 
endothelium coupled with co-culture with ADSCs presents a 
possible roadmap for the treatment of endothelial dysfunctions.
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