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Introduction
Skin wound healing is an organized process involving 

distant interplay of specialized cells for repair and regeneration 
[1]. Mesenchymal stem cells (MSCs) derived from dental 
pulp tissue and adipose tissue have been broadly studied for 
their stemness, regenerative potential and in treatment of 
various medical conditions [2-4]. More recently, MSCs derived 
conditioned media (MSC-CM) has been reported as a rich 
source of important growth factors and cytokines effective in 
wound healing and repair [5-7] . With the emergence of this 
approach, lyophilized growth factors and cytokines obtained 
from MSC-CM can be evaluated for safety, dosage and shelf 
life which brings them much closer to translational cell-free 
therapeutics. 

Several studies, have widely used in vitro scratch assay for 
quantifying dermal ϐibroblast cells migration rate for wound 
repair, as it provides a simple and economical protocol [8]. 
Additionally, the most commonly used method to test the 
expression of the essential growth factors or cytokines in the 
conditioned media (CM) is through cytokine array analysis [9]. 
In this brief communication, we have evaluated the possibility 
of using lyophilized DP-CM or AD-CM at varying concentration 
such as 5 mg, 10 mgs and 20 mgs as a promising alternative 

non-cellular approach to skin wound repair. Furthermore, 
we have highlighted the cytokines involved in migration, 
proliferation and angiogenesis essentially present in CM for 
wound healing.

Materials and Methods
Study design and patient samples

Third molar teeth from healthy individuals between the 
age of 18-25 years, were extracted with informed consent 
by the dentist and transferred to the lab in 10 ml of sterile 
phosphate buffer solution. Human adipose tissue were 
extracted by liposuction technique with informed consent by 
surgeons and transferred to the lab for processing within an 
hour. The dental pulp stem cells (DPSCs) and adipose stem 
cells (ADSCs) derived from tissues were as per our patented 
technology (PCT/AU2019/051029) and same were used for 
preparation of conditioned media (CM). 

Conditioned media

DPSCs and ADSCs from p-3 to p-5 were cultured in T75 
tissue culture ϐlasks in xenofree/serumfree (XF/SF) media 
(Miltenyi Biotec Bergisch Gladbach, Germany) at 37°C and 5% 
CO2 for harvesting conditioned media (CM). The conϐluency of 
the cultures at 75%-80% (3-5 days) was used as a criterion for 
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starting the conditioning process. The supplement-containing 
media (Miltenyi Biotec, Bergisch Gladbach, Germany) was 
aspirated and the T75 ϐlasks were rinsed twice with 5 mL pre-
warmed Phosphate Buffered saline (PBS) (Miltenyi Biotec, 
Bergisch Gladbach, Germany) to remove residual traces of 
supplement. Thereafter, 15 ml of fresh GMP grade xeno-
free, serum-free, phenol red free and supplement-free media 
(Miltenyi Biotec, Bergisch Gladbach, Germany) was added to 
the T75 ϐlask and incubated for 24 hrs for conditioning at 37°C 
at 5% CO2. The AD-CM and DP-CM was passed through a 0.45 
μm ϐilter and stored in 15 mL falcon tubes at -80°C. Thereafter, 
CM were lyophilized and stored at +4°C.

Scratch wound assay

The experiment was set up for both AD-CM and DP-CM at 
varying concentration such as 5 mg, 10 mg and 20 mg. The 
CHeBA’s proprietary,  HDF06 ϐibroblast cell line was used for 
the assay, 100,000 cells were plated per well on a 12 well 
culture plate, after 72 hrs, manual scratch was created using 
a tip of the sterile pipette. Following with two PBS washes, 
speciϐic areas were marked at the bottom of the plate to take 
photos before the treatments. GMP grade Phenol red free 
(PRF) media (Miltenyi Biotec, Bergisch Gladbach, Germany) 
was used as control and 5 mg, 10 mg and 20 mg of lyo AD-CM 
and DP-CM were reconstituted in 2 mL of PRF media and then 
added to the HDF06 cells for 24 hrs. After 24 hrs, the scratch 
was observed for gap closure and photos were taken at the 
same marked spot. The gap closure was analysed by using 
Image J software (https://imagej.nih.gov/ij/).

Cytokine array analysis 

The lyophilised powder of DP-CM and AD-CM were 
weighed and reconstituted in 1 mL of reversed osmosis (RO) 
water. Cytokine array analysis was performed following 
the manufacturer’s instructions (R&D Systems, Inc., 
Minneapolis, USA). Brieϐly, after blocking the membranes 
with array buffer 6 for one hour, 775 uL of DP-CM and AD-
CM was mixed with 725 uL array buffer 6 and added to the 
membranes for an overnight incubation at 4oC on a shaker. 
Next day, the membranes were washed and treated with the 
speciϐic buffers as per instructions by the manufacturer. The 
membranes were exposed by using chemiluminescence (FUJI 
LAS3000 Gel documentation system and LAS3000 software). 
Analysis of the membranes were performed using the Array 
analyser using the Image J software (https://imagej.nih.gov/
ij/). The background intensity of the negative control spots 
was subtracted from the sample values to obtain normalized 
densitometry values.

Statistical analysis

The statistical analyses of the results were performed 
with Graph Pad Prism 8. The data are presented as mean ± 
standard deviation (SD) and experiments were carried out 
in triplicates. All statistical analyses were performed at the 
signiϐicance level p < 0.05 using three-way analysis of variance 
(ANOVA) for multiple comparisons.

Results and Discussion
The application of adipose and dental pulp tissue-derived 

stem cells has been studied extensively and they represent a 
promising source for cell or cell-free therapeutics [3,4,10,11]. 
In this communication, we have brieϐly highlighted the 
potential of DP-CM and AD-CM as a cell-free therapy for 
wound repair and regeneration. Our data suggest that AD-CM 
and DP-CM comprised of several essential growth factors and 
cytokines for wound repair. Additionally, we can emphasize 
here that mass-production of lyophilized CM is possible under 
controlled laboratory conditions for therapies.

Over time the traditional scratch assay has been used to 
evaluate the wound healing by gap closure in vitro, our data 
shows that both the lyophilized AD-CM and DP-CM at 10 
mgs and 20 mg concentration resulted in closure of the gap 
at 24 hour time point (Figures 1,2). However, scratch assay 
has its own limitation in the protocol for creating scratches 
proceeding to inter-lab variance [8,12]. To further substantiate 
the relevance of our study we have analyzed the expression 
of essential growth factors involved in wound repair in CM 
(Figure 3).

It has been widely reported that Serpin E1, HGF and bFGF 
plays an important role in re-epithelialization, granulation 
tissue formation and increases ϐibroblast proliferation [13]. 
The role of MSCs in angiogenesis is of great interest since 
inadequate vessel growth leads to wound healing disorders 

Figure 1: The dose response of lyophilised DP-CM and AD-CM in scratch 
wound assay representing signifi cant percentage gap closure that 
corresponds to the distance migrated by the human dermal fi broblast cells.

Day 1

Control 5 mgs 10 mgs 20 mgs

Day 0

Figure 2: A representative scratch wound assay images, showing the migration of 
human dermal fi broblast cells treated with 5mgs, 10 mgs and 20 mgs DP-CM in 
comparison to the control at 0 hrs and 24 hrs. 
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[9]. The importance of Angiogenin, VEGF, EGF, HGF, TGF-α and 
IL-8 or IL-6 (Table 1) for endothelial survival, migration and 
proliferation has been reported by many studies [12,14,15]. 
Collectively, these essential growth factors were sufϐiciently 
expressed and suggests the potential applicability of the DP-
CM and AD-CM in wound healing. Further studies on animal 
models and also the clinical trials are required to substantiate 
the data. 
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Figure 3: Cytokine array analysis showing normalized densitometry values of the 
cytokines secreted by AD-CM and DP-CM that are important for wound healing. 

Table 1:  Functions of important cytokines relevant to the wound healing of the total 
105 assessed and secreted by adipose and dental mesenchymal stem cells

Cytokines secreted in the CM Function
Angiogenin Vasculogenesis

Epidermal growth factor (EGF) Proliferation of fi broblast

Fibroblast growth factor basic (bFGF) Fibroblast proliferation and matrix 
deposition

Granulocyte macrophage -colony stimulating 
factor (GM-CSF) Proliferation of epidermal cells

Hepatocyte growth factor (HGF) Granulation tissue formation
Interleukin-6 (IL-6) Re-epithelialisation
Interleukin-8 (IL-8) Re-epithelialisation

Macrophage colony-stimulating factor 
(M-CSF) Stem cell progenitor cells support

Platelet derived growth factor (PDGF-AA) Cells migration
Transforming growth factor-α (TGF-α) Early phase reepithelialisation

Vascular endothelial growth factor (VEGF)
SerpinE1

Regulator for vasculogenesis
Cells migration


