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ABSTRACT 
 

Background: The formation of keloids is accompanied by undesirable aesthetic and psychological 
impacts. Different therapeutic techniques, including local injection, occlusive dressings, surgical 
excision, and lasers have been examined for keloids. This work objects to evaluate the efficacy 
and the safety of autologous adipose tissue-derived stem cells (ADSCs) in keloids treatment.  
Methods: This prospective clinical research involved 15 subjects with keloids who were injected 
with autologous ADSCs three sessions at monthly intervals. Follow up was done for 3 months after 
treatment and evaluation was done for improvement in Vancouver scar score, patient's opinion 
and physician's opinion.  
Results: In the studied patients, 8 patients (53.3%) showed good improvement (25 – 49%), 7 
patients (46.7%) showed very good improvement (50 – 74%) and none of the patients (0%) 
showed excellent improvement. Side effects were mild and tolerable and included pain during 
injection and abdominal discomfort for few days after lipoaspiration.  
Conclusions: Adipose-derived stem cells are effective, safe and are of more value in improving 
consistency and vascularity of keloids. 
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1. INTRODUCTION  
 
Keloids are fibroproliferative masses caused by 
aberrant wound healing, which result from 
enhanced or reduced control of certain wound 
healing mechanisms [1]. Stem cell therapy          
has exhibited considerable promise in the          
treatment of a wide range of illnesses, including 
orthopaedic conditions, inflammatory diseases, 
hepatic failure, and autoimmune conditions [2,3]. 
 
Adipose tissue is a good source of autologous 
adipose tissue-derived stem cells (ADSCs) and 
is easier to collect, plentiful and has a lesser risk 
of problems compared to bone marrow derived 
stem cells (BMSCs), [4]. They possess anti-
inflammatory and neoangiogenic properties, 
release several growth factors, and are capable 
of developing into several cell types [5].  
 
ADSCs have been implicated in the complex 
process of wound healing [6] and they work via 
two distinct processes: First, they suppress the 
overall inflammatory reaction, and then they 
change into cells associated with wound repair, 
such as myofibroblasts, fibroblasts, endothelial 
progenitor cells and antigen-presenting cells. 
 
Injections of ADSCs at the injury site may 
enhance healing and lower the chance of scar 
formation [7]. Human ADSCs may drive scar 
remodelling via suppressing the impacts of TGF- 
on fibroblasts, reducing the production of MMP 
particles, and lowering mast cell functions [8]. 
Paracrine inhibition of TGF- β1-induced 
activation of human dermal fibroblasts and keloid 
scar-derived fibroblasts by human ADSCs was 
observed in vitro [9]. The paracrine TGF- β1 
action of ADSCs may decrease the production of 
type-1 collagen and hyaluronic acid at the mRNA 
level. It has been found that amplification of TGF- 
β1 promotes ECM production, leading to scar 
formation. ADSCs can affect the biological 
behavior of keloid fibroblasts invitro, particularly 
proliferation, migration and ECM formation, by 
modulating the TGF-β1/Smad route [10]. 
 
This work objects to evaluate the efficacy and the 
safety of autologous ADSCs in treatment of 
keloids. 
 

2. PATIENTS AND METHODS  
 
This prospective clinical research involved 15 
subjects with keloid scars.  

Exclusion criteria were pregnant and lactating 
females, subjects younger than 12 years old, 
local infection (bacterial, viral, mycobacterial and 
fungal) or systemic infective diseases (hepatitis B, 
hepatitis C, HIV), patients with systemic disease 
such as renal diseases, hepatic diseases or 
diabetes mellitus, patients with collagen or 
autoimmune diseases, panniculitis or any 
disease affecting fat, very thin patients (body 
mass index less than 18.5); no donor site for 
liposuction, any patient suffering from a skin 
disease with positive Koebner's phenomenon 
(e.g. psoriasis, lichen planus, vitiligo), history of 
any blood related disease, drug abuse, smoking, 
allergic disorder to one of the agents or 
medications used in present study, past or 
present history of malignancy, psychiatric illness, 
patients who had recent treatment of their keloids 
by any procedure in the previous 6 months and 
subjects with unreasonable hopes. 
 
Subjects were injected with autologous ADSCs 
three sessions at monthly intervals.  
 
All subjects underwent full history taking, general 
examination, caiculating body mass index, skin 
examination, laboratory investigations and blood 
tests to exclude hepatitis B, hepatitis C and           
HIV infection. Systemic antibiotic (amoxicilin 
clavulanic acid) was given before the procedure 
and continued one week after the procedure for 
all patients. 

 

2.1 Extraction of Adipose Derived Stem 
Cells 

 
Lipoaspiration was done under local anesthesia 
at surgical theatre under complete aseptic 
precautions.  With the case in supine position 
and the donor site was thoroughly cleaned with 
povidone-iodine 10%. After achieving a small 
anesthetic region in the donor area with  
lidocaine at 2%, an incision is made using blade 
11. Tumescent anesthesia was performed. 
Harvesting fat was performed using 2 or 3 mm, 
three holes, blunt tip cannula with a 60 ml Luer-
lock syringe.  
 
The aspirated fat was kept in the sterile tubes in 
upright position. Fig. 1 The infranatant tumescent 
fluid and blood were removed. Lipoaspirate was 
extensively washed in equal volume with 
phosphate-buffered saline (PBS). The process of 
washing was repeated 3-4 times for about 5 
minutes each time until the infranatant from the 
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wash becomes clear. Fig. 2 Adipose tissue was 
combined with an equivalent amount of 
collagenase that had been diluted with sterile 
PBS. 1 g of collagenase was suspended in 10 
mL of PBS, and 49 mL of PBS was added to 
each 1 mL of the resulting solution. The mixture 
was placed in 50 ml conical tubes in water bath 
at 37℃ for 30 minutes. Every 5-10 minutes, 
gently stir the collagenase/adipose combination 
and then return it to the water bath. As digestion 
continues, the adipose tissue layer should take 
on a "smoother" look. Fig. 3 The digested fat was 
allowed to settle then; supernatant was 
discarded and each 25 ml aliquots of the 
infranatant having the stromal vascular fraction 
was placed into sterile 50 ml centrifuge tubes. In 
each tube containing 25 ml of the infranatant fluid, 
25 ml of sterile Control Medium (CM) were added: 
(For 500 ml of CM, combine the following: 440 ml 
DMEM (4.5 g/L glucose, with L-glutamine), 50 ml 
fetal bovine serum (heat inactivated), 5 ml 
penicillin/streptomycin (10,000 IU penicillin, 
10,000 μg/ml streptomycin) and 5 ml 
amphotericin B (250 μg/ml amphotericin B) may 
also be added. Sterile filtration of this media is 
required if non-sterile reagents are used. Place 
the CM in a 37°C water bath 30 min prior to use 
to warm the medium. The collagenase was 
rendered inactive by adding CM and incubated at 
room temperature for 5 minutes. To collect the 
SVF as a pellet, it was centrifuged for 10 minutes 
at 1,200 x g. The supernatant from each tube 
was aspirated and discarded. Using 30 ml CM, 
the SVF pellets were mixed in a single centrifuge 
tube and divided evenly between two fresh 50 ml 
centrifuge tubes. Second centrifugation was 
done for 10 min at 1,200 x g and the 
supernatants from the two SVF pellets were 
aspirated.  Fig. 4 The resuspended SVF pellet 
was filtered by gravity flow through a 100 m 
mesh filter placed on top of a fresh 50 ml 
centrifuge tube. 5 mL of saline solution was then 
added to the cellular pellet at the bottom of the 
tube, rendering it suitable for usage. 
 

2.2 Assessment of Patients  
 

Digital photographs were taken before treatment, 
before each session, 1 month & 3 months after 
the last session using a digital camera with the 
same positioning, the same magnification and 
the same light intensity. 
 

Assessment was done by a 3-physicians 
committee after completion of the treatment by 
comparing before-and-after digital photographs, 
height, color and pliability of keloids. Finally, the 
mean value of the 3 investigators record was 

obtained for each patient according to the 
quartile grading scale: poor improvement (<25%), 
good improvement (25-49%), very good 
improvement (50-74%), excellent improvement 
(≥75%). 
 

Vancouver Scar Scale (VSS) 
Assessment of itching through Verbal Rating 
Scale (VRS) as follows: [11] 
0: Noitch, 1: Mild itch, 2: Moderate itch, 3: Severe 
itch and 4: Very severe itch 
Assessment of pain through Verbal Rating Scale 
(VRS) as follows: [12] 
0: No pain, 1: Slight pain, 2: Moderate pain, 3: 
Severe pain and 4: Unbearable pain. 
 

2.3 Statistical Analysis  
 

SPSS v25 performed the statistical analysis (IBM 
Inc., Chicago, IL, USA). Comparing quantitative 
parametric data reported as mean and standard 
deviation (SD) for the same group utilizing the 
paired Student's t-test. Non-parametric 
quantitative data were given as median and 
interquartile range (IQR) and examined utilizing 
Mann-Whitney test. When applicable, qualitative 
variables were given as frequency and 
percentage (%) and examined utilizing Chi-
square test or Fisher's exact test. Pearson's 
coefficient of correlation was utilized to do a 
linear correlation study and assess the positive 
or negative connection between distinct variables. 
A two-tailed P value ≤0.05 was statistically 
significant. 
 

3. RESULTS 
 

There was a significant reduction in the height of 
keloids after treatment in the studied group (P 
value <0.001). There was no significant 
improvement in pigmentation of keloids after 
treatment compared to before treatment. There 
was a significant improvement in vascularity and 
consistency of keloids after treatment in the 
studied group Table 3. 
 

There was a significant improvement in VSS 
after treatment than before treatment in the 
studied group Table 4. 
 

There was no significant correlation among 
improvement in VSS after treatment with sex of 
the   patients, skin type, site and cause of keloids 
in both groups.  
 

There was a significant improvement in itching 
after treatment while there was no significant 
variance in pain before and after treatment    
Table 5. 
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Table 1. Demographic data and skin type of the studied group 
 

 (n = 15) 

Sex Male 7 (46.7%) 

Female 8 (53.3%) 

Age (Years) 30.5 ± 5.48 

Fitzpatrick skin type Type III 8 (53.3%) 

Type IV 7 (46.7%) 
Data are presented as mean ± SD, median (IQR) or frequency (%) 

 
Table 2. Site and cause of keloids in the studied group 

 

 (n = 15) 

Site of keloids Head and neck 0 (0.0%) 

Chest 8 (53.3%) 

Upper limb 3 (20.0%) 

Lower limb 2 (13.3%) 

Back 1 (6.7%) 

Abdomen 1 (6.7%) 

Cause of keloids Spontaneous 0 (0.0%) 

Post-surgery 0 (0.0%) 

Burn 8 (53.3%) 

Trauma 7 (46.7%) 

 
Table 3. Improvement in height, pigmentation, vascularity and consistency among the  

studied group 
 

Keloids height Before treatment 3 (2 – 3) 

After treatment 1 (1 – 2) 

P value <0.001* 

Keloids pigmentation before treatment Normal 3 (20.0%) 

Hyper pigmentation 12 (80.0%) 

Keloids pigmentation after treatment Normal 6 (40.0%) 

Hyper pigmentation 9 (60.0%) 

P value 0.250 

Keloids vascularity (color) before treatment Normal 2 (13.3%) 

Pink 5 (33.3%) 

Purple 6 (40.0%) 

Red 2 (13.3%) 

Keloids vascularity (color) after treatment Normal 2 (13.3%) 

Pink 8 (53.3%) 

Red 5 (33.3%) 

P value 0.001* 

Keloids consistency (pliability) before treatment Firm 13 (86.7%) 

Band 2 (13.3%) 

Keloids consistency (pliability) after treatment Normal 0 (0.0%) 

Supple 10 (66.7%) 

Firm 5 (33.3%) 

P value 0.032* 
Data are presented as median (IQR) or frequency (%). *: significant as P value ≤ 0.05 
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Table 4. Quartile grading scale and vancouver scar scale of the studied group 
 

  (n = 15) 

Quartile grading scale 
after treatment 

Good (25 – 49%) 8 (53.3%) 
Very good (50 – 74%) 7 (46.7%) 
Excellent (75 – 100%) 0 (0.0%) 

Vancouver scar scale Before treatment 8 (8 – 10) 
After treatment 6 (3 – 7) 
P value 0.001* 

Data are presented as median (IQR) or frequency (%). *: significant as P value ≤ 0.05 

  
Table 5. Improvement in itching and pain among the studied group 

 

  (n = 15) 

Itching before treatment No 0 (0.0%) 
Mild 4 (26.7%) 
Moderate 3 (20.0%) 
Severe 4 (26.7%) 
Very Severe 4 (26.7%) 

Itching after treatment No 2 (13.3%) 
Mild 6 (40.0%) 
Moderate 6 (40.0%) 
Severe 1 (6.7%) 

P value 0.013* 

Pain before treatment No 1 (6.7%) 

Slight 5 (33.3%) 
Moderate 5 (33.3%) 
Severe 2 (13.3%) 
Unbearable 2 (13.3%) 

Pain after treatment No 6 (40.0%) 

Slight 8 (53.3%) 
Moderate 1 (6.7%) 
Severe 0 (0.0%) 

P value 0.206 
Data are presented as frequency (%). *: significant as P value ≤ 0.05 

 

4. DISCUSSION 
 

Keloids are distinct fibroproliferative diseases of 
the wounded human dermis [13]. 
 

Klinger et al. [14] reported an enhancement in 
skin elasticity, texture, and thickness in three 
cases with hemifacial hypertrophic scars and 
keloids as a result of severe burns who were 
injected with adipose tissue extracted from 
abdomen subcutaneous fat. This improvement is 
dependent on ADSCs promoting tissue repair, 
which supports the results of this study where 
patients treated by injection of ADSCs showed 
significant improvement in height and skin 
elasticity after treatment.  
 

In a different study by Klinger et al. [15] with fat 
grafting performed on hypertrophic scars 
reported that  All treated scars showed a 
qualitative improvement from a cosmetic and 
functional standpoint, with a decrease or full 

remission of discomfort and an increase in scar 
flexibility and patient and observer scar 
evaluation ratings demonstrated statistically 
significant reductions in all parameters except 
itching, supporting our findings of statistically 
significant enhancement in scar pliability, height, 
and vanceuver scar scale but in contrast to our 
results where itching was significantly improved 
this discrepancy may be due to the different 
sample size  in both researches and may be due 
to the frequent injections in the present study. 
 
The outcomes of this research were also 
supported by Brongo et al. [16] who conducted 
fat grafting on 18 cases with post-burn 
hypertrophic scars and keloids, noticing an 
improvement in colour, texture, elasticity, 
thickness, and a decrease in scar contraction. 
 
All patients enrolled in this study showed 
improvement of pain after treatment similarly 
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Fredman et al. [17] reported improvement of 
neuropathic pain, color, texture, pliability, contour 
and pruritus of scars following fat graft. 
 

Carstens et al. [18] reported five cases with 
mature burn scars were cured with enzymatically 
separated stromal vascular fraction. Scars were 
concentrated mostly on the hands, limiting 
mobility. The most of treated areas enhanced in 
pigmentation, flexibility, thickness, pruritus, 
discomfort, and vascularity six months after 
treatment, and these results are consistent with 
our results regarding improvement in thickness, 
flexibility, vascularity and itching which were 

improved significantly on the other hand 
pigmentation and pain were improved but not 
significantly. 
 

Similar to the present study Lee et al. [19] In a 
case series of 17 cases (19 scars with a wide 
range of characteristics, including hypertrophic, 
depressed, and contractile), those who received 
stromal vascular fraction injection alone or in 
conjunction with other procedures reported 
statistically significant improvement in vascularity, 
pigmentation, hardness, flexibility, and pliability, 
also vanceuver scar scale was significantly 
enhanced in the SVF-treated group. 

 

 
 
Photo 1. Patient with keloid on hand before treatment (A) after two sessions (B) and after three 

months follow-up (C) showing over all very good improvement 
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Photo 2. Patient with keloid on chest before treatment (A) after two sessions (B) and after three 

months follow-up (C) showing over all very good improvement 
 

 
 
Photo 3. Patient with keloid on chest before treatment (A) after two sessions (B) and after three 

months follow-up (C) showing over all good improvement  
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Fig. 1. Collection of the aspirated fat in sterile tubes in upright position 
 

 
 

Fig. 2. Washing of the aspirated fat with PBS till the infranatant fluid becomes clear 
 

 
 

Fig. 3. Aspirated fat after incubation with collagenase became smoother with soup-like 
appearance 

 

 
 

Fig. 4. The cell pellet after second centrifugation 
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5. CONCLUSIONS 
 
Injection of ADSCs is safe and efficient in 
treatment of keloids. Adipose-derived stem cells 
are of value in improving consistency and 
vascularity of keloids. 
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