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Introduction: Mesenchymal stem cells (MSCs) have been postulated by a number of authors to be the precursor cells of fibroblasts
and myofibroblasts in keloids. They have been seen as a regenerative pool that ensures a steady supply of cells. The objective of our
study was to determine MSCs in keloids and normal skin as a determinant of keloid recurrence.

Methods: This was a longitudinal prospective study in which patients with keloid excisions of their specimens analyzed for MSC. A control
group of patients matched for age, sex, and body-mass index (BMI) with no history of keloids admitted for elective surgical procedures had their
skin samples taken and also analyzed for MSCs. Data collected were analyzed and compared using Student’s ¢, x%, and Fisher’s exact # tests.
Results: A total of 61 patients with keloids and a control group of 32 patients were recruited. The male:female ratio was 1:2 and mean
age 29.5 and 29.7 years for keloids and controls, respectively. Patients with recurrent keloids had a mean density of 841.4 MSCs/g
compared to 578 MSCs/g of tissue for those with no recurrence and 580 MSCs/g for patients with normal skin. Recurrent keloids had
a significantly higher percentage of MSCs than those without.

Conclusion: Keloids compared to normal skin had a higher percentage of MSCs, with recurrent keloids demonstrating an even higher
count, a possible indicator that MSCs might correlate with severity of keloid disease and recurrence.
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Introduction

Keloids are a fibroproliferative disorder characterized by excessive deposition of collagen in the dermal layer of the skin.'
Keloids are characterized by high recurrence rates.! The etiology of keloids is not clear. Theories on keloid pathogenesis
include inflammatory, biomechanical tension theory, tissue hypoxia and abnormal fibroblasts.>* Keloid histology has
demonstrated an abundance of inflammatory cells and fibroblasts.'> Keloid fibroblasts are considered the main cells in
keloid formation. They have been shown to have high mitotic activity and a low apoptosis rate.' Whether these properties are
inherent in keloid fibroblasts or are due to the interaction with local tissue niche is still not clear. Myofibroblasts are other key
cells identified in many keloid specimens and other fibrotic conditions, and are thought to differentiate from fibroblasts as
a result of either mechanical stress or a hypoxic tissue environment." The source of both fibroblasts and myofibroblasts in
keloids is not clear.

Mesenchymal stem cells (MSCs) have been postulated by a number of authors to be the precursor cells of fibroblasts
and myofibroblasts in keloids."*® They have been seen as a regenerative pool that ensures a steady supply of
proliferative cells. Their role in keloid recurrence is however not known: whether there are any differences in MSC in
keloids that recur and those that do not has not been documented. We undertook this study to determine if there is any
correlation between keloid MSC counts, proportions and recurrence.

Methods

This study was carried out at Kenyatta National Hospital and the Kenya Aids Vaccine Initiative, University of Nairobi,
Kenya. Approval was obtained from the Kenyatta National Hospital/University of Nairobi ethic and review board (Ref
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n0.P291/04/2018). The study complied with the Helsinki declaration. Consent and assent to participate in the study was
taken from the patients and next of kin in cases of minnows respectively. Included in the study were patients with keloids
amenable to surgery with primary wound closure. Excluded from the study were patients who had surgery within a year
for the same keloid, patient with extensive keloids whose wounds could not be closed primarily, infected keloids and
patients with chronic medical conditions such as diabetes mellitus, hypertension or HIV/AIDS. The surgery was by intra-
lesional excision of the keloid tissue with about 3 mm of keloid tissue left behind (Figures 1 and 2). The wound was
closed in two layers with the dermal sutures using polyglycolic acid 3/0 and nylon 3/0 for the skin. Post excision keloids
patients were subjected to 12 grays of external beam radiotherapy within 24 hours of surgery. They were then followed
up at a regular interval for at least two years.

The control group comprised of patients admitted for elective surgical procedures with no keloids or any family history of
keloids. These were matched for age, sex, BMI and anatomical location to those with keloid. Recurrence was determined as re-
growth of the keloids or pruritus and pain within the follow up duration of requiring medical intervention. Post excision, the
specimens were defatted, weighed, processed and analyzed for total cell counts and MSC using flow cyto-metric technique.
MSC were characterized by the expression of stromal cell markers (CD73, CD105, CD44, CD29 and CD90) in the absence of
hematopoietic markers (CD34, CD45 and CD14) and endothelial markers (CD34, CD31 and VWF).”®

A human MSC analysis kit was sourced from R&D Biotechne systems, catalog number FM C020 (UK). Both keloid
and skin specimens for the control group were weighed. The extracellular matrix was digested by collagenase solution of
concentration 0.5 mg/mL by vibrating and heating at 37°C at 1200 revolutions per minute. This was followed for another
10—15 minutes with 1 mg/mL of collagenase. The cell suspension was transferred to the cell strainer. The cells were spun
at 1600 revolutions per minute and the supernatant discarded. The cells were isolated for counting using a glass
hemocytometer. The absolute number of cells and MSCs were counted. The absolute MSC count per specimen was
divided by the weight to pbtain the density of MSCs per gram of tissue. In each specimen, MSC percentage was analyzed

Figure | Marking for intralesional excision of keloids.

Figure 2 Postintralesional excision of keloids. Note remnants of keloid tissue.
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from the total cell count. Data captured were summarized and analyzed using SPSS 22. Pearson’s correlation tests were
performed to compare the similarities between the two groups of patients. Students 7, x*, and Fischer’s ¢ tests were used to
compare means and frequencies in the two groups of patients. Significance was taken as P<0.05.

Results

A total of 61 patients with keloids and a control group of 32 patients with no keloids were followed up in the study. The
male:female ratio for both groups was 1:2. The age range for the keloid patients was 15-65 years, with a mean of 29.5
years and a median age of 20-25 years. The age range for the control group was 15.5-64 years, with a mean age of 29.7
years and a median age of 20-25 years (Table 1). The body-mass index for the patients with keloids was 24.3, while for
the controls it was 24 0.6 (P=0.87). There was no statistical significance difference between the keloid group and the
control group (R=0.997). The anatomical locations of the keloids and the control groups were similar (Table 2).

About 40% of the keloids that recurred were from the head and neck region (Table 3). Mean MSCs in keloids was 664.5/g of
tissue, with a range of 0 to 5180 and a median of 224. For the controls, the mean was 665.8/g of tissue with a range of 0 to 4440 and
amedian of 91.70 (P=0.847, Table 4). There was no statistically significant difference between the two groups (P=0.987). Mean
MSC density for keloids with recurrence was 848.1 compared to 578.3 for those without recurrence (P<0.001, Table 5). MSCs in

Table |1 Age of patients with keloids and the
control group

At presentation Keloid Control
(years) group group
10-15 | |
15-20 10 6
20-25 15 8
25-30 8 4
30-35 8 4
35-40 6 3
4045 6 3
45-50 4 2

>50 2 |

Total 6l 32

Table 2 Anatomical location of keloids in both

groups
Keloids, n=61 | Controls, n=32
Head and neck | 21 12
Abdomen 12 6
Chest 10 5
Upper limbs 8 4
Back 10 5
Total 6l 32
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Table 3 Anatomical location of recurrent keloids that and those with no

recurrence
Keloids, Recurrent, Nonrecurrent,
n=61 n (%) n (%)
Head and neck 21 6 (50) 15 (30.6)
Abdomen 12 2 (16.6) 10 (20.4)
Chest 10 1 (8.3) 9 (18.3)
Upper limb 8 1 (8.3) 79 (14.2)
Back 10 2 (16.6) 8 (16.3)
Total 6l 12 (100) 49 (100)

Table 4 MSC density per gram of tissue in keloids and

normal skin
Keloids, Controls, Pt
n=61 n=32
Mean 664.5 665.77 0.987
Median 226 250
SD 900.45 1369.74
Range 5190.00 4440.32
Minimum 0 0
Maximum 5190.00 4440.32

keloids and control were further analyzed by calculating the percentage of MSCs in the number of cells in the specimens. The
mean proportion of MSCs in keloids was 0.701%, while in the controls it was 0.182% (P=0.885, Table 6).

There was a significant statistical difference between MSC percentage and the median percentiles of the two groups
(P=0.004). The proportion of MSCs in the KR group was 1.123% compared to 0.427% in the NKR group (P=0.843,
Table 7). Median MSC for both keloids and the control group was 0.27%. More than 62% of keloids had an MSC percentage
>(.27 compared to 21.87% of the control group (P-<0.05), and 78% of keloids with recurrence had MSC of more than 0.27%
compared to 21.8% of keloids that did not recur (P<0.05).

Table 5 MSC density per gram of tissue in keloids

with no recurrence (NKR) and those with recur-

rence (KR)

NKR, KR, P (t)
n=49 n=12

Mean 578.52 848.13 <0.001

Median 198.66 323

SD 1034.13 647.38

Range 5190 2428.50

Minimum 0 0.21

Maximum 5190 2428.26
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Table 6 MSC percentage in patients with keloids and controls

Keloids, Controls, Fisher’s

n=61 n=32 exact t
n (%) n (%)

0-0.27 23 (37.70) 25 (78.13) 0.002

>0.27 38 (62.30) 7 (21.87)

Mean 0.701 0.182

Median 0.370 0.025

SD 0.789 0.369

Range 3.38 1.82

Minimum 0 0

Maximum 3.38 1.80

Table 7 MSC percentages in NKR and KR groups

NKR, KR,n=12 | P (x?)
n=49
0-0.27 21 (55.26) 5(21.74) | 0.022
>0.27 17 (44.74) 18 (78.26)
Mean 0.427 1.123 0.843
Median 0.310 0910
SD 0.435 1.032
Range 2.12 3.38
Minimum 0 0
Maximum 2.12 3.38

Discussion

Keloids are a fibroproliferative disorders characterized by pain, pruritus, and disfigurement with tendency to recur with
no clear etiology. The disease has a strong familial and genetic influence, with some studies reporting up to 50% of
patients with a positive family history.” MSCs are pluripotent cells with the ability to regenerate into different cell
lineages. They have been thought to play a critical role not only in wound healing and inflammation but in keloid
formation as well.'>'> MSCs are thought to provide wounds with a steady supply of cells that differentiate into
fibroblasts and myofibroblasts that synthesize the extracellular matrix responsible for healing. They are also thought to
secrete cytokines that would mediate the inflammatory and proliferative process during wound healing.'* Though
virtually present in any part of the body, a number of studies have demonstrated MSCs to be markedly elevated in
keloids, suggesting that they could contribute to the pathology.'®'?

The source of MSCs in keloids is not known. Whether the cells are resident in keloids or recruited in tissue as a result
of injury or inflammation is not clear. They are, however, thought to originate from embryonic-like stem cells located in
perivascular vessels within keloid-associated lymphoid tissue. These embryonic- like stem cells, under the influence of
the local inflammatory environment, are thought to differentiate into resident MSCs.®'""'* Resident MSCs have been
implicated by a number of authors as a possible source of fibroblasts and myofibroblasts in fibrosis conditions, such as
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liver cirrhosis, pulmonary fibrosis, Dupuytren's disease, bone marrow fibrosis, and chronic kidney disease.'> '’ Cell
lineage—tracing studies have shown that the cellular source of myofibroblasts could partially originate from resident
MSCs. Under the influence of inflammatory cytokines, such as IL6, IL17, and TGFB, these cells are thought to
differentiate into fibroblasts and myofibroblasts that secrete collagen fibers responsible for fibrosis in keloids. An
in vitro study by Qunzhou et al demonstrated an ability to reproduce keloid-like tissue in immunocompromised rats
using keloid-derived stem cells and IL6, further emphasizing the role that MSCs and inflammatory cytokines could play
in keloid pathogenesis. This activity was halted by antibodies against IL6."*

Our study demonstrated that there was no significant difference in MSC density in keloid and normal skin. However,
a significantly higher density of MSCs was noted in keloids that recur than those that did not. The apparently similar
counts of MSCs in keloids and normal skin should be taken in the context of high extracellular matrix in the keloids than
the normal skin, since the study considered the density of cells per gram of tissue. This was illustrated by the fact that
keloid specimens had a higher percentage of MSCs than normal skin. Also, keloids with recurrence had a higher
percentage of MSCs than those with no recurrence, probably pointing to the fact that MSCs seem to influence keloid
severity. It is, however, not clear whether the high MSC count is an inherent property of the keloid tissue or could be as
a result of the homing concept by the MSCs in a zone of injury or inflammation.

Other than being the primary cells that can differentiate into fibroblasts and myofibroblasts, MSCs seem to play further
roles in wound healing.** They have been shown to produce a vast spectrum of paracrine factors, such as IL10, TGFf,, PGE,,
HGF, and IL6, which play critical roles in wound healing and inflammation.'® In addition, MSCs have been shown to exist in
two forms: MSC1 and MSC2."” MSC2 are predominantly anti-inflammatory, while MSC]1 are proinflammatory. Exposure to
sufficiently high levels of TNFa and IFNy leads to formation of MSC2, while low levels of TNFa and IFNy in tissue leads to
MSCI1. MSCT1 secrete chemokines that recruit inflammatory cells, particularly T, 1, Ty, 17 cells, monocytes, and neutrophils, to
the sites of inflammation, resulting in a strong inflammatory response, a possible precursor to keloid formation.'

Interestingly, experimental work on adipose-derived and amniotic-derived MSCs on keloid fibroblasts have demon-
strated reduction in fibroblast activities with apoptosis in some cases, probably suggesting that the predominant MSCs in
these tissue types could be MSC2 that has predominantly anti-inflammatory activity.”®>* Several authors have also

pointed out that autologous or allogeneic MSCs seem to act in a completely different manner from resident MSCs.”

Conclusion

This study demonstrated that keloid tissues have a high proportion of MSCs, which seems to correlate with severity and
tendency to recur. MSCs seem to play a critical role in keloid pathophysiology through the influence of inflammatory
cytokines and other paracrine factors, such as TGFf. The pro- or anti-inflammatory role of MSCs could be influenced by the
presence of suchchemokines as TNFa and interferons in the local milieu. There is a need for further studies to determine the
actual role that MSCs play in keloid formation and possible pharmacotherapeutic agents that could be utilized in treatment

and manipulation. Further studies need to be done to categories the MSC types and their role in keloid pathogenesis.

Abbreviations
MSCs, mesenchymal stem cells; PG, prostaglandin.
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