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Background: Inflammation seems to play a major role in the pathophysiology of keloids. 
However, the role of cytokines in keloid pathophysiology has not been fully evaluated with 
only a few cytokines studied. We undertook this study to compare various cytokines in patients 
with keloids and a control group of patients without keloids nor family history of keloids so as 
to determine which cytokines are elevated and could thus be critical in keloid formation.
Methods: This was a cross-sectional study of patients with keloids and a control group of those 
without. Patients in both groups were matched for age, sex and body mass index. Their plasma 
was analyzed for both inflammatory and anti-inflammatory cytokines using the Bio-flex ElisaTM 

method. Comparisons of cytokines means in both groups were done using Student’s t-test.
Results: A total of 84 participants with 42 participants in each group were followed during the 
study. Male to female ratio was 1:2. Age ranges were similar with a mean of 29.6 years. A total 
of 28 cytokines were assayed. Statistically significant differences were noted in 15 of the 28 
cytokines assayed with 11 being elevated more in keloid patients with only four in the non- 
keloid forming group. Among elevated cytokines in keloid patients were granulocyte colony- 
stimulating factors, granulocyte-monocyte-colony-stimulating factors, interleukins 4, 6 and 13.
Conclusion: Patients with keloids have significantly higher cytokines compared with non- 
keloid forming patients. This finding suggests that keloid formation could be influenced by 
multiple inflammatory cytokines, an indication that the patient’s immune system could play 
a role in keloid formation akin to auto-inflammatory disease.
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Introduction
There is still insufficient evidence as to the probable cause of keloids.1,2 Among 
theories fronted is the Inflammatory Theory with the suggestion that keloids are 
a result of an exaggerated inflammatory response.1–3 Inflammation as a possible 
cause of keloids emanates from the fact that there are abundant inflammatory cells 
in keloid specimens.4,5 Further, keloid surveillance studies have demonstrated that 
keloids are more common in allergic and/or auto-immune diseases such as asthma 
or atopic dermatitis compared with the normal population.6,7

Cytokines and growth factors implicated in keloid formations include transform-
ing growth factor beta (TGF-β), matrix metalloproteinases (MMPS), interleukin 6 
and adiponectin.8–15 TGF-β is released from the platelets’ granules during the 
process of inflammation. TGF-β1 and TGF-β2 are thought to promote scar forma-
tion and fibrosis while TGF-β3 is thought to reduce scar tissue.8,9 TGF-β is thought 
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to work by influencing MMPs activity.8–10 Interleukin 6 on 
the other hand has not only been shown to be greatly 
elevated in keloid tissues but also in serum of patients 
with keloids.11–13 Furthermore, keloid-like tissue was pro-
duced in immune-compromised rats by using keloid- 
derived stem cells and IL-6 strongly suggesting that it 
has a critical role in keloid formation13 A recent study 
by Luo et al. in 2021 on the other hand demonstrated that 
adiponectin could have a protective role in scarring and 
keloid formation.15

In spite of the above findings, the role of many cyto-
kines in keloid formation has not been well documented. 
We therefore undertook this study to determine whether 
there was any difference in selected plasma cytokine levels 
in patients with keloids and those without.

Materials and Methods
The study was carried out at the Kenyatta National 
Hospital, a teaching hospital for the University of 
Nairobi between August 2018 and July 2020. This study 
was approved by the local ethics and research committee. 
The objective of the study was to determine selected 
plasma cytokine levels in patients with keloids and 
a control group with no keloids. Patients with keloids 
attending a plastic surgery clinic at the Kenyatta National 
hospital were systematically and randomly sampled into 
the study. A control group was of patients seeking aes-
thetic services with no keloids nor family history of 
keloids adjusted for age, sex and BMI with the keloid 
group. Consent was sought from all study participants. 
All participants were informed about the purpose of the 
study, and it was conducted in accordance with the 
Declaration of Helsinki.

Excluded from the study were patients with known 
chronic illnesses such as diabetes mellitus, hypertension, 
asthma, connective tissue disorders and HIV/AIDS. All 
study participants had a thorough medical history taken 
and physical examination done to rule out any underlying 
medical conditions. Patient’s weight and height were then 
taken and used to determine BMI.

Ten millilitres of blood was taken in sodium heparin 
tubes from each participant. Density centrifugation was 
done and plasma was separated and stored at −80°C ready 
for cytokine assays. Cytokine assays were done using Bio- 
plex multiplex ElisaTM assay technique manufactured by 
Bio–Rad Company based at Berkeley, CA, USA. The tech-
nique involved use of fluorescent dyed microphores (beads) 
each with a distinct colour code to permit identification of 

the individual cytokines. Within a multiplex suspension 
coupled beads reacted with the sample containing the cyto-
kines of interest. After a series of washes to remove unbound 
protein, a biotinylated detection antibody was added to 
create a sandwich complex. The final detection complex 
was formed with the addition of streptavidin-phycoerythrin 
(SA-PE) conjugate. Phycoerythrin served as a fluorescent 
indicator analysed by Bio-Plex Data Pro* with data pre-
sented as median fluorescence intensity (MFI) as well as 
concentration (pg/mL). The concentration of analyte bound 
to each bead was proportional to the MFI of reporter signal. 
Cytokines assayed included interleukins, chemokines and 
growth factors with a total of 28 (Table 1). Data captured 
were summarized and analyzed using Student’s t-test to 
compare means and ANOVA test for comparison of var-
iance. Probability values significance were at 0.05.

Results
A total of 84 patients were recruited for the study with 42 
patients in each group. The male to female ratio was 1:2 
for both groups of patients. The mean age for the keloids 
group (PWK) was 28.5 years with an age range of 18−40.5 
years while for the control (PNK) was 28.7 years with an 
age range of 18.2−40.7 years (p-value = 0.83).

A total of 52 keloids were seen in the PWK group 
while no keloids were encountered in the PNK group 
during the one year of follow up. Of the 52 keloids, trauma 
accounted for 63.4%, followed by infections (19.2%) and 
spontaneous keloids (17.4%) (Table 2). Auricular keloids 
accounted for 46% of the keloids followed by the cheek 
(15.2%) (Table 2). The mean surface areas of the keloids 
excised was 8.95 cm2 ± SD 2.254.

Out of 28 cytokines analyzed, 15 cytokines had 
a significance difference between the two groups (P < 
0.05). Eleven of the 15 were markedly elevated in the 
PWK group with their means higher than those in the 
PNK group (Tables 1, 3 and 4). These were G-CSF, IL- 
10, IL-13, IL-6, CCL3, GM-CSF, CCL4, HGF, IL-IRA, IL 
−2R and IL-4. Cytokines significantly raised in PNK were 
CCL5, EGF, IL-1β and CCL2 (Table 4).

Discussion
Keloid disease characterized by disfigurement, pain, prur-
itus and high recurrence rate has no well understood 
pathophysiology.1,2 Despite numerous studies and theories 
on keloid formation, inflammation seems to play a critical 
role with some researchers suggesting that inflammation 
could be the main cause.3,4 Whether keloids should be 
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considered as an auto- inflammatory disease is not yet 
known. Auto-inflammatory diseases result from abnormal 
innate immune system, characterized by elevated inflam-
matory cytokines.16,17 Pharmacological interactions with 
cytokines either at the production or receptor levels have 
resulted in promising outcomes in some of these 
diseases.18 The majority of studies done to demonstrate 
cytokines levels in patients with keloids have largely been 
in vitro or limited to small sample sizes which makes it 
difficult to conclude whether keloids could fit into this 
group of disorders.11,12 Our study demonstrates marked 
elevation of various key inflammatory cytokines in 
patients with keloids compared with those without, imply-
ing that inflammation plays a greater role in keloid forma-
tion than previously thought. Manipulation of these 

cytokines by blocking them may thus provide an alterna-
tive treatment to patients with keloids.

Key cytokines elevated in the PWK group that play 
a critical role in inflammation include IL 4, IL6, IL10, IL 
13, G-CSF and GM-CSF. Others were basic FGF and 
CCL3. Probably the most studied among these as far as 
keloid pathogenesis is concerned is IL-6.11,12,16 IL-6, con-
sidered as one of the most potent inflammatory cytokines, 
has also been noted to play a critical role in the pathogen-
esis of various disease processes including rheumatoid 
arthritis.10,12–1419,20 Qunzhou et al. also found IL-6 to be 
greatly increased in keloids compared with normal skin.12 

They further demonstrated the ability to reproduce keloid- 
like tissue in immune-compromised rats by using keloid- 
derived stem cells and IL-6. This activity was halted by 
antibodies against IL-6 suggesting a possible role of IL-6 
antibodies in the treatment of keloids. McCauley et al. in 
another study showed monocytes of patients who form 
keloids produced large amounts of IL-6 compared with 
normal patients.11 Hui Xue et al. demonstrated an eleva-
tion in the expression of IL-6 genes in keloid fibroblasts 
compared with normal fibroblasts.14 The significance of 
the above findings in the management of patients can be 

Table 1 Cytokines Mean and Range in Keloids and the Control 
Group

PWK PNK

Min Max Mean Min Max Mean

IL-1β 4 22 10.51 6 379 24.07
G-CSF 0 873 101.65 0 543 61.45

IL-6 7 1964 60.57 7 60 20.07

IL-12 0 311 95.57 19 367 102.45
CCL5 1000 9999 2831.00 1359 23,370 4328.28

CCL11 20 155 63.65 3 352 72.83

IL-17A 0 35 6.59 0 37 4.45
CCL3 0 794 136.39 0 315 78.62

GM-CSF 1 631 21.39 3 27 7.38

CCL4 0 796 209.12 0 793 179.38
CCL2 67 1215 526.37 0 2300 571.59

IL-15 0 401 49.49 2 499 53.97

IL-5 0 33 6.08 0 16 5.62
HGF 0 3483 502.53 0 1882 333.62

VEGF 0 16 1.78 9 8 1.48

IFN-γ 0 10 0.90 0 12 1.31
IFN-α 0 195 27.04 0 229 24.21

IL-IRA 77 4783 1118.20 37 1939 705.69

TNF-α 0 24 5.37 0 16 4.14
IL-2 0 122 23.22 0 329 32.28

IL-7 0 126 15.94 0 79 15.28

IP-10 0 27 11.59 1 25 9.72
IL-2R 0 1412 377.31 0 1208 248.31

CXCL9 61 563 201.06 9 557 202.52
IL-4 11 317 56.80 11 94 43.17

IL-8 0 195 22.57 0 104 23.21

FGF-Basic 0 40 38.53 0 62 24.48
EGF 0 416 63.02 0 355 88.76

Table 2 Keloids Etiology and Anatomical Location

Anatomical Location Aetiology Frequency

Ears n=24 Trauma 18
Infective 3

Spontaneous 3

Abdomen n =6 Trauma 2
Infective 3
Spontaneous 1

Chest/Neck n-7 Trauma 5
Infective 1

Spontaneous 1

Cheek n=8 Trauma 4
Infective 2

Spontaneous 2

Upper limb n=2 Trauma 1
Infective 0

Spontaneous 1

Back n=5 Trauma 3
Infective 1

Spontaneous 1

Total N=52 Trauma 33
Infective 10

Spontaneous 9
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postulated from the fact that antibodies against the IL-6 
cytokine receptor, tocilizumab (inhibits IL-6 binding to IL- 
6R) have successfully been used in the treatment of 
Castleman disease, an auto-inflammatory condition with 
high IL-6 levels.21

Other interleukins significantly elevated in PWK include 
IL-4 and IL-13. They do have synergistic effects and have 
been noted to play an important role in allergic conditions 
such as atopic dermatitis and asthma.22 Interestingly, popula-
tion-based studies have demonstrated keloid prevalence to be 
higher in patients with this condition, suggesting a similar 

pathophysiology.6,7 IL-4 has been shown to stimulate 
B-lymphocytes to secrete immunoglobulin E (IgE) as well 
as up-regulation of IgE receptors on mast cells and 
basophils.23 IL-4 also promotes cellular inflammation 
through vascular cellular adhesion molecules (VCAM), pro-
moting migration of T-lymphocytes, basophils and eosino-
phils from the intravascular compartments. In addition, they 
promote differentiation of naïve T-helper cells to T-helper 2 
cells that secrete IL-4, IL-5, IL-9 and IL-13, all critical in the 
inflammatory response in wounds.22,23 Further, T-helper 
cells treated with IL-4 have fewer apoptotic activities, 

Table 3 Cytokines Significantly Elevated in Patients with Keloids (PWK) in Comparison to Control (PNK) Group

Cytokines Keloids (PWK) PNK

Min Max SD Mean Min Max SD Mean P-value

FGF-Basic 0 40 14.52 38.53 0 62 18.69 24.48 0.026

G-CSF 0 873 202.87 101.65 0 543 133.06 61.45 <0.001
IL-10 0 3185 452.79 83.47 0 119 25.00 16.38 <0.001

IL-13 0 773 108.42 32.20 4 53 11.95 18.14 0.026

IL-6 7 1964 280.04 60.57 7 60 11.91 20.07 <0.001
CCL3 0 794 177.32 136.39 0 315 92.50 78.62 <0.001

GM-CSF 1 631 89.58 21.39 3 27 5.78 7.38 0.026

CCL4 0 796 161.52 209.12 0 793 160.63 179.38 <0.001
HGF 0 3483 585.41 502.53 0 1882 376.14 333.62 <0.001

IL-2R 0 1412 326.31 377.31 0 1208 239.33 248.31 <0.001

IL-4 11 317 51.37 56.80 11 94 17.35 43.17 0.031

ANOVA Test for Variance

Parameters Sum of Squares df Mean Squares F P-value

Between groups 15,766.99 1 15,766.99 0.857 0.366
Within groups 367,815.75 20 18,390.79

Total 383,582.75 21

Table 4 Cytokines Significantly Elevated in Non-Keloids (PNK) Patients

Cytokines PWK PNK

Min Max SD Mean Min Max SD Mean P-value

IL-1 β 4 22 3.71 10.51 6 379 68.47 24.07 0.031
CCL5 1000 9999 1537.67 2831.00 1359 23,370 4011.54 4328.28 <0.001

CCL2 67 1215 268.85 526.37 0 2300 474.27 571.59 <0.001

EGF 0 416 103.39 63.02 0 355 101.53 88.76 <0.001

ANOVA Test for Variance

Parameters Sum of Squares df Mean Squares F P-value

Between groups 258,418.49 1 258,418.49 0.105 0.754
Within groups 19,730,264.58 7 2,466,283.04

Total 19,988,683.07 8
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a fact that probably explains a higher TH2 ratio in 
keloids compared with normal skin and hypertrophic 
scars.22 Diaz et al. noted keloid lesions to have an increased 
signaling of IL-4 and IL-13 compared with normal skin.24 

They further demonstrated resolution of keloid symptoms on 
patients who were given the IL-4 receptor antagonist dupilu-
mab, prompting need for further research in this aspect of 
treatment.

Our study demonstrated cytokines that influence 
macrophage and neutrophil activities such as CCL3, 
CCL4, G-CSF and GM-CSF to be significantly elevated 
in the PWK compared with the PNK group. All these 
factors have been shown to be useful in the body’s innate 
inflammatory response. They work by activation of 
T lymphocytes, macrophages and dendritic cells to 
release various pro-inflammatory cytokines such as IL- 
1, IL-6 and TNF-α. They also stimulate hematopoietic 
stem cells to proliferate and differentiate into macro-
phages and neutrophils that are responsible for both the 
non-specific and some aspects of the specific immune 
system. Their role in keloid pathogenesis has not been 
previously documented. This study therefore opens ave-
nues for more studies to determine their significance in 
keloid formation and treatment.

There was no statistically significant difference 
between PWK and PNK in reference to TNF-α, IL −8, 
IL-12 and IFN-γ. Though TNF-α was higher in the PWK 
than the PNK group the difference was marginal. Similar 
findings were demonstrated by da Silva et al on in situ 
cytokines expression in keloids and normal tissue.25 

However, McCauley et al. on the assay of blood mono-
cytes in patients with or without keloids demonstrated 
elevated TNF-α in patients with keloids.11 Further, anti- 
TNF antibodies topically injected in keloids have shown 
reduction in keloid size and pruritus, suggesting a possible 
role in the management of the same.

Conclusion
There are multiple inflammatory cytokines that are ele-
vated in patients’ plasma with keloids. There is a need to 
establish whether similar findings can be established in 
keloid tissue compared with normal skin tissues. This 
abnormal elevation of the inflammatory cytokines could 
be responsible for keloid formation akin to auto- 
inflammatory disorders. There is however need for more 
research to identify key cytokines in keloid formation, as 
these could be used as biomarkers as well as be manipu-
lated to prevent and/or treat keloids in patients.
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