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Abstract: Keloid is a fibrous hyperplastic disease of the skin characterized by excessive collagen deposition. Keloid 
patients suffer from severe facial damage and psychological burden, but the underlying pathologic mechanism 
remains unclear. Keloid fibroblasts are often considered the key cell of keloid formation, but the regulation of the 
immune microenvironment of keloid fibroblasts is poorly understood. The pathogenic roles of macrophages, Tregs, 
CD8+ T cells, dendritic cells, and natural killer cells in keloids are reviewed and further directions proposed, which 
may provide a novel window of opportunity for immunotherapy of keloids. Considering the dearth of studies on the 
function of immune cells related to keloids, the mechanisms of these immune cells in other diseases are further 
examined herein to provide a reference for future research on the immune microenvironment of keloids.
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Introduction

The keloid is a fibrous hyperplastic disease of 
the skin characterized by excessive deposition 
of collagen [1, 2]. It is believed that the deve- 
lopment and progression of keloids frequently 
begin following abnormal wound healing, lead-
ing to a fibroproliferative inflammatory process 
in which fibrin plays a major role [3]. Keloid tis-
sue is the final product of this process. Keloids 
have histologic features similar to those of 
hypertrophic scars, but they have unique gr- 
owth characteristics. They are characterized by 
persistent scar hyperplasia beyond the wound 
edge and generally do not resolve by them-
selves; they are often caused by skin diseases 
and local injuries [4]. Keloids tend to occur in 
areas of the body susceptible to tension and 
are commonly found in the chest, shoulders, 
and other easily exposed areas of the skin [5]. 
The prevalence of keloids is highest in people 
of African ethnicity, followed by Asians and 
Hispanics, with the lowest prevalence in indi-
viduals of white ethnicity [1]. Keloids can occur 
at any age but are most common in young  
people [3]. The pathogenesis of keloids is very 
complex [6]; keloids are associated with in- 
flammatory responses to tissue injury and with 

clinical manifestations including pain, itching, 
and burning [3]. The site of the lesion exhibits 
unique histologic characteristics, with a large 
number of irregularly oriented, thickened tra- 
nsparent collagen fibers, commonly known as 
keloid tissue, and a large number of locally in- 
filtrative inflammatory cells and cytokines [1]. 
Immune cells infiltrate the microenvironment, 
regulating it by secreting cytokines [1, 6]. Ke- 
loid fibroblasts are often considered a key type 
of cell in keloid formation, but regulation of the 
immune microenvironment of keloid fibroblasts 
has not been fully explored. The role of immune 
cells in the pathogenesis of keloids remains 
unclear. In this review, we discuss the role of 
immune cells in keloid formation, which may 
provide a window of opportunity for keloid 
immunotherapy. A literature review was per-
formed from 1981 to December 2020 using  
the PubMed database of the National Center  
of Biotechnology Information, Google Scholar, 
MEDLINE, Cochrane database, Embase, and 
Biosis. The terms “keloid”, “CD8+ T cells”, “mac-
rophage”, “dendritic cells”, “Treg”, “natural killer 
cells”, and “immune microenvironment” were 
used, together with all the synonyms of these 
terms. Keloid fibroblasts are often considered 
an important cause of keloid formation, but the 
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regulation of the immune microenvironment of 
keloid fibroblasts is poorly understood. The mi- 
croenvironment is mainly composed of keloid 
fibroblasts and their surrounding immune ce- 
lls, which have an important influence on the 
development of keloids. In this study, the role  
of various immune cells in keloid formation is 
discussed from the perspective of the keloid 
immune microenvironment (Figure 1).

The role of macrophages in keloid pathogen-
esis

During the early stages, macrophages play a 
proinflammatory role, which includes antigen 
presentation, phagocytosis, and the produc- 
tion of inflammatory cytokines and growth fac-
tors, thus promoting an inflammatory reaction. 
According to their different activation states 
and functions, macrophages can be divided 
into classically activated macrophages (M1) 
and alternatively activated macrophages (M2) 
[7]. During the proliferation stage, macro-
phages directly or indirectly stimulate the pro- 
liferation of connective tissue, endothelial tis-
sue, and epithelial tissue, inducing the for- 
mation, re-epithelialization, and neovascular-
ization of the extracellular matrix. Subsequent- 
ly, macrophages can change the extracellular 
matrix during the angiogenesis and remodel- 

ing stage by releasing degrading enzymes and 
extracellular matrix molecules, suggesting that 
M2-type macrophages play an important role  
in this stage of wound healing [8]. The function 
of macrophages in wound healing can lead to 
the derailment of wound healing, culminating  
in ulcers, chronic wounds, hypertrophic scars, 
or keloid formation. The role played by macro-
phages, particularly their functional pheno-
types, in keloid formation should be further 
investigated, to seek additional treatment op- 
tions for keloids [1].

Typical monocytes are derived from bone mar-
row, denoted CD14++ CD16-, and circulate in  
the blood. Monocytes are recruited to target 
sites in response to pathogen-associated mo- 
lecular patterns (PAMPs), IL-6, TNF-α, IL-1, and 
CCL2 [9]. When tissue damage occurs, the 
presence of inflammatory cytokines (e.g., TNF- 
α and IFN-γ) promotes the recruitment of cir- 
culating monocytes, their adherence to endo-
thelial cells, and their translocation into the 
damaged tissue. CD14+ monocytes are trans-
formed into macrophages upon entering a 
wound. Macrophages not only engulf patho-
gens and cell debris but also produce cyto-
kines, which stimulate collagen generation and 
angiogenesis and start the healing process [1]. 
Macrophages can change their phenotypes 

Figure 1. The immune microenvironment of keloids [1-8, 12, 33, 36, 49]. (‑): Inhibition; green arrow: blood flow 
direction; red arrow: promotion; blue arrow: production.
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according to their cytokine/chemokine micro-
environment. IL-4, IL-13, or apoptotic neutro-
phils can transform macrophages into M2 mac-
rophages [9]. Activation of M2 macrophages 
results in the production of cytokines, such  
as TGF-β and platelet-derived growth factor 
(PDGF), which stimulate the proliferation of 
fibroblasts. M2 macrophages have been divid-
ed into four subgroups: M2a, M2b, M2c, and 
M2d [10]. M2a macrophages produce argi-
nase-1 (Arg1), PDGF, and IGF-1 under the sti- 
mulation of IL-4 and/or IL-13 [11]. M2a macro-
phages can stimulate the proliferation of fi- 
broblasts. M2b can be stimulated by toll-like 
receptors to produce a regulatory effect. M2c 
macrophages can remodel the extracellular 
matrix under the stimulation of glucocortico- 
ids, IL-10, and TGF cytokines [12] M2d macro-
phages produce IL-10 and VEGF [13]. They also 
inhibit the proinflammatory effects of M1 mac-
rophages by downregulating TGF-β and IL-12.

The occurrence of keloids in different parts of 
the body is related to the number and subtype 
of macrophages. Butzelaar et al. measured 
macrophages in skin samples from susceptible 
sites (e.g., earlobes, mandible, neck, and sh- 
oulders) and non-susceptible sites (e.g., upper 
eyelids, cheeks, and abdomen) [14]. The num-
ber of M1 macrophages (CD40+) was signifi-
cantly reduced in sites susceptible to keloid 
formation, while the number of M2 macroph- 
ages (CD163+) was equal in susceptible [15] 
and non-susceptible sites. These results were 
the same with the results observed by Vidyar- 
thi et al. in gliomas [15]. Although the mecha-
nism of susceptibility to keloids has not been 
fully elucidated, a change in M1/M2 macro-
phages ratio in the microenvironment seems  
to play an important role in keloid susceptibility 
as in other tumors [16].

One of the characteristics of malignant tumors 
is the polarization of tumor-associated macro-
phages from M1 macrophages (immune-pro-
moting cells) to M2 macrophages (immuno- 
suppressive cells) [17]. In tumor immunothera-
py, M0- or M2-type tumor-related macrophages 
can be reprogrammed to become M1-type by 
targeting microRNAs related to macrophage 
activation and function [18], or the expression 
of M1-type cytokines that regulate polarization 
can be promoted by a feedback loop. De Felice 
et al. found that treatment with Ingenol mebu-
tate was effective in reducing the growth of 

keloid fibroblasts [19]. The expression of miR-
34 regulates the expression of proapoptotic 
genes following Ingenol mebutate treatment 
[19]. Currently, clinical trials to investigate ch- 
anges in the polarized state of macrophages  
to treat keloids are lacking.

The M1/M2 ratio describes two major and 
opposite activities of macrophages [20]. M1 
macrophages are the major macrophage popu-
lation during the early stages of scar formation 
(early inflammation and proliferation), while M2 
macrophages are the major macrophage popu-
lation during the late stages of scar formation 
(late proliferation and remodeling) [20]. M1 
macrophages specialize in secreting proinflam-
matory factors and chemokines, presenting 
antigens, participating in positive immune re- 
actions, and playing a role in immune monitor-
ing. M2-type macrophages are important im- 
mune cells that downregulate the immune 
response [21]. Damage-associated molecular 
patterns (DAMPs), bacterial products (e.g., lipo-
polysaccharide, LPS), and inflammatory cyto-
kines (e.g., TNF-α, IFN-γ) stimulate macrophage 
differentiation into M1 macrophages, which 
exhibit antimicrobial properties by releasing 
inflammatory mediators such as IFN-γ, NO,  
and IL-6. Although important for host defense, 
these products can still cause severe tissue 
damage. Conversely, IL-4 and IL-13 stimulate 
the transformation of macrophages into M2- 
type macrophages that inhibit inflammatory 
and adaptive immune responses [10].

M1 and M2 macrophages promote Th1 and 
Th2 responses, respectively. Downstream pro- 
ducts of Th1 and Th2 cells (such as IFN-γ and 
IL-4) also downregulate the activity of M2 and 
M1 macrophages, respectively [22]. Therefore, 
the M1/M2 ratio is crucial for immune regula-
tion and is an important link in maintaining a 
perfect balance between innate and adaptive 
immunity [8]. In the future, the balance param-
eters of M1/M2 macrophages must be estab-
lished. These could then be used as predictors 
of the risk assessment of pathologic scar 
formation.

The role of Tregs in keloid pathogenesis

Regulatory T cells (Tregs) play a central role in 
maintaining immune homeostasis and self-tol-
erance. Tregs are characterized by high levels 
of the forkhead family transcription factor 
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Foxp3, which is also considered to be a reli- 
able Treg marker. The subsets of CD4+ T cells 
mainly comprise type 1 helper Tregs, type 2 
helper Tregs, type 17 helper Tregs [23], folli- 
cular helper Tregs, and regulatory Tregs [24]. 
Tregs are an important subgroup of cells with 
immunosuppressive functions. They can be  
differentiated in two ways: thymic differentia-
tion, resulting in what are known as natural 
regulatory T cells (nTregs); peripheral differenti-
ation, resulting in induced regulatory T cells 
(iTregs) [24]. There are many subtypes of Tregs, 
of which CD4+CD25+ Tregs are the most re- 
ported [25]. CD4+CD25+ Tregs must be activat-
ed by the T cell receptor to exert their inhi- 
bitory functions. Once activated, Tregs inhibit 
effector cells in a nonantigenic and nonspecific 
manner.

Studies have shown that Tregs directly inhibit 
the production of TGF-β by the release of IL-10 
or indirectly inhibit the production of TGF-β by 
reducing the number of macrophages. Using 
coculture experiments of Tregs and keloid fib- 
roblasts, Murao et al. [26] found that Tregs are 
present in keloid tissue and that the proportion 
of Tregs in the keloid dermis is relatively low. 
Using coculture experiments of Tregs and ke- 
loid fibroblasts, the presence of large quanti-
ties of Tregs reduces the expression of type I 
collagen and TGF-β mRNA in keloids. Jin et al. 
found that macrophages can promote Treg dif-
ferentiation by upregulating Foxp3 expression 
[7]. Other studies have suggested that macro-
phages and Tregs act together during keloid  
formation. Macrophages in scar tissue are 
highly activated and polarized toward the M2 
subtype [7].

The pathogenic process of keloids may be in- 
fluenced by Tregs. Based on existing studies of 
Tregs, it is believed that the biochemical activi-
ty, physiologic function, and regulatory molecu-
lar mechanism of the transcription factor Foxp3 
may play a crucial role in the occurrence and 
development of keloids. Although the patho-
genic mechanism of Tregs is starting to be 
noticed, further research and exploration are 
required.

The role of CD8+ T cells in keloid pathogenesis

In the tumor immune microenvironment, de- 
crease or disorder of anticancer immune func-
tion is a sign of tumor development. CD8+ T 

cells play an important role in the tumor micro-
environment. Recent studies have found that 
when CD8+ T cells infiltrate tumor tissue, they 
gradually enter an undesirable state, known as 
T-cell exhaustion. Exhausted CD8+ T cells in 
tumors are characterized by reduced expres-
sion of the effector cytokines IL-2, TNF-α, and 
IFN-γ. Moreover, their cytolytic ability, cell via- 
bility, and proliferative capacity are also re- 
duced. CD8+ T cell exhaustion may be attri- 
buted to the complex local microenvironment, 
such as the role of immunosuppressive cells 
and the state of physical and chemical imbal-
ance [27].

Lymphoid aggregates of T and B cells, such as 
CD4+ and CD8+ T cells, are present in keloid  
tissue. Chen et al. used flow cytometry to ana-
lyze the subsets and functions of cells in ke- 
loid tissue and found that the number of effec-
tor memory CD8+ T cells and CD103+CD8+ resi-
dent memory T cells was increased in keloid 
tissue [28]. Studies investigating the role of 
CD8+ T cells in the pathogenesis of keloids are 
lacking. Therefore, the spatial distribution of 
CD8+ T cells in keloid tissue and the interac-
tions of CD8+ T cells with other immune cells in 
the immune microenvironment should be in- 
vestigated.

The role of dendritic cells in keloid pathogen-
esis

Dendritic cells (DCs) are the most effective anti-
gen-presenting cells [29]. DCs can absorb and 
express costimulatory molecules of the pre-
sented antigen and then migrate to lymphoid 
organs to activate T cells, thereby initiating an 
immune response. DCs can not only induce 
immune responses but also induce immune tol-
erance during disease development [30]. As 
specialized antigen-presenting cells, they not 
only present antigens but also provide costimu-
latory molecules and cytokines for the activa-
tion and differentiation of T cells, thereby form-
ing an immune response. DCs also interact with 
natural killer (NK) cells and B cells. DCs include 
Langerhans cells, monocyte-derived DCs 
(CD14+ DCs), myeloid dendritic cells, and plas-
ma DCs [31]. Myeloid DCs have a stimulating 
effect, while lymphoid or plasmacytoid DCs are 
involved in regulation or tolerance. However, 
some myeloid DCs have been reported to have 
immunosuppressive activity and present anti-
gens through plasmacytoid DCs [32]. DCs are 
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thought to originate from myeloid progenitor 
cells shared with macrophages, known as mac-
rophage-dendritic cell progenitors, which in 
turn produce common dendritic cell progeni-
tors. Human plasmacytoid DCs express the sur-
face markers CD123, CD303, or BDCA-2 and 
CD304 or BCDA-4. Human myeloid DCs are 
defined largely by CD1c/BDCA-1+ or CD141/
BDCA-3+ expression [33].

DCs are most frequently expressed in blood 
and lymphoid tissue but are also widely pre- 
sent in other parts of the body [31]. The charac-
teristics of human tumor-infiltrating DCs in skin 
melanoma have been studied. However, beca- 
use patients are heterogeneous, it is difficult  
to clearly describe the characteristics of hu- 
man tumor-infiltrating DCs. In melanoma, large 
numbers of DCs, which show a more mature 
phenotype, cluster in the area surrounding the 
tumor, while more immature, tumor-infiltrating 
DCs are found in the center of the tumor. 
However, the relationship between these re- 
sults and clinical outcomes is not clear, as 
tumor-infiltrating DCs require interactions with 
other cells in the tumor immune microenviron-
ment rather than just among themselves [34]. 
In general, mature DCs are considered to play  
a role in immune stimulation, while immature 
DCs are considered to play a role in immuno-
suppression and tolerance effects.

DCs play an important role in the tumor micro-
environment, which is known to affect the pro-
gression of many malignant human tumors. 
Mature, active DCs infiltrate tumors, increas- 
ing immune activation and recruitment of dis-
ease-resistant immune effector cells and path-
ways. However, tumor cells have the ability to 
inhibit the function of DCs or alter the tumor 
microenvironment, allowing the recruitment of 
immunosuppressive DCs [35].

DCs are also involved in the initiation of keloid 
formation, with increased DC infiltration ob- 
served in keloid tissue [2]. A study by Onodera 
et al. showed that the number of FXIIIa-positive 
dermal DCs in the dermis covering an area of 
keloids was significantly higher than the corre-
sponding hypertrophic or mature scar area. 
This finding suggested that FXIIIa-positive der-
mal DCs involved in dermal-epidermal interac-
tions play an active role in the formation of 
keloids [36]. The role of DCs in the tumor 
immune microenvironment could be used as a 

reference to conduct more in-depth analyses  
of the pathogenic role of DCs in keloids. 

The role of NK cells in keloid pathogenesis

The immune system can be divided into innate 
immunity and adaptive immunity. NK cells are 
an important part of the innate immune system 
and the first line of defense against viral infec-
tions and malignant tumors. NK cells are cyto-
toxic and can secrete various immunomodula-
tory cytokines and chemokines [23], mediating 
cytotoxicity by secreting IFN-γ and expressing 
TGF-β. NK cells account for between 5% and 
15% of cells in the peripheral blood lymphatic 
circulation pool of healthy adults [23]. 

From a morphologic perspective, NK cells are  
a type of large, granular lymphocyte [37]. Fr- 
om the phenotypic perspective, they are main- 
ly defined by the expression of CD56 and  
no expression of CD3. Among them, CD3-

CD56dimCD16+ NK cells express a low-affinity 
receptor for the constant region of immuno-
globulin G, Fc c RIIIa (CD16). Approximately 
90% of peripheral blood NK cells are mature 
cells and mainly mediate toxic reactions. In 
contrast, NK cells with the CD3-CD56brightCD16- 
phenotype are immature cells; they are mainly 
present in tissues and only account for app- 
roximately 10% of total peripheral blood NK 
cells, with high levels of cytokine secretion and 
low cytotoxicity [38, 39]. The different subtypes 
of NK cell surface receptors are quite different; 
therefore, their functions are not the same. 
Among them, CD56bright NK cells highly express 
CD94/NKG2A inhibitory receptors and NKp46 
activation receptors, while CD56dim NK cells 
show the opposite effect [40]. CD56dim NK cells 
highly express CD16, perforin, granzyme, killer 
cell inhibitory receptor (KIR), and CD94/NKG2C 
activation receptors. This expression provides 
a material basis for the cytotoxic effects of 
these cells, but it is not detected or is mini- 
mally expressed in CD56bright NK cells [41]. It is 
interesting to note that CD56bright NK cells spe-
cifically express CC motif chemokine receptor 7 
(CCR7), C-X-C motif chemokine receptor 3 
(CXCR3), and CD62, so they have the ability to 
move to secondary lymphoid organs. CD56dim 
NK cells lack CCR7 expression but have high 
levels of CXCR1, CXCR2, CXCR3, CX3CR1, and 
sphingosine 1-phosphate-5 (S1P5) expression, 
which can lead to their entry into peripheral  
tissues to play an inflammatory role [42].



Immune microenvironment of keloid

723	 Am J Transl Res 2022;14(2):718-727

When the immune system detects viruses or 
tumor cells, NK cells bind to target cells and 
release cytotoxic particles containing perforin 
and granzyme to lyse target cells [43]. NK cells 
can also induce apoptosis in target cells. NK 
cells, through their surface Fas ligand (FasL) 
and tumor necrosis factor-related apoptosis-
inducing ligand (TRAIL), bind to Fas and TRAIL 
receptors on the surface of target cells, res- 
pectively [43]. Finally, NK cells bind to target 
cells through CD16 and kill these cells by sig- 
nal transduction, which exerts antibody-depen-
dent cell-mediated cytotoxicity (ADCC) [44].

NK cells can also rely on certain functional 
receptors on the surface of NK cells to exert 
antitumor cytotoxicity, such as NKG2 and the 
KIR family [45]. In addition, NK cells produce a 
series of cytokines and chemokines to help 
regulate the immune response. By releasing 
CCL5, XCL1, and XCL2, NK cells can promote 
the accumulation of DCs in solid tumors and 
the antitumor activity of CD8+ T cells [46]. 
Following the inflammatory response, NK cells 
enter the tumor-draining lymph nodes to indi-
rectly affect a T-cell response or regulate T-cell 
immunity by regulating DCs. 

Although NK cells can identify malignantly 
transformed tumor cells early on and have a 
powerful ability to kill tumor cells, studies have 
shown that the ability of NK cells to target and 
lyse cancer cells in tumor tissues is signifi- 
cantly lower than that of NK cells in normal tis-
sues. These findings suggest that the function 
of NK cells is impaired in the tumor microenvi-
ronment, which helps cancer cells to escape 
the immune response mediated by NK cells 
and promotes tumorigenesis and development 
[47, 48].

NK cells may be involved in the formation of 
keloids. Zhou et al. found that interference with 
Smad7 can promote the proliferation and mi- 
gration of NK cells and keloid cutaneous cells. 
Overexpression of Smad7 can inhibit the pro- 
liferation and migration of NK cells [49]. The 
role of NK cells in keloid formation remains to 
be further studied in the future.

Immune microenvironment of keloid fibro-
blasts

Keloid fibroblasts are flat and long spindle 
shaped, with obvious proliferation of spinous 
cells and increased cell layers in vivo [50]. 

These fibroblasts are disordered and their po- 
larity disappears. Fibroblasts proliferate and 
secrete a large amount of extracellular matrix, 
resulting in excessive collagen synthesis and 
deposition [51]. Fibroblasts are the main cell 
population in the lesional area. Interaction 
between fibroblasts and other cells is thought 
to play an important role in the pathogenesis  
of keloid. Macrophages were observed to con-
tact fibroblasts [52]. Macrophages secrete a 
variety of secretory products, including cyto-
kines such as IL-1, IL-6, IL-8, tumor necrosis 
factor, fibroblast growth factor, and TGF-β. 
Monocytes cocultured with fibroblasts were 
skewed to an M2 macrophage-like phenotype 
[53]. Many factors and pathways have been 
found involved in fibrosis.

TGF-β can active the SMAD signaling pathway 
to induce fibrosis [54]. Increased expression of 
fibrosis-related genes such as fibronectin, CT- 
GF, MMPs and α-SMA leads to fibroblast prolif-
eration and extracellular matrix (ECM) deposi-
tion [55, 56]. The up-regulation of growth fac-
tors VEGF and PDGF, the up-regulation of gro- 
wth factors of proteases MMP2, TIMP-1 and 
the down-regulation of MMP8, and the up-re- 
gulation of cytokines TGF-β and TNF-α play  
an important role in the formation of keloids 
(Figure 2). In normal wound healing, IFN-γ usu-
ally antagonizes the fibrotic effect of TGF-β by 
increasing collagenase synthesis [55, 56].

Stem cells in keloid immune microenvironment

Stem cells are cells with unlimited self-renewal 
capacity and can produce highly differentiated 
progeny cells. Increased expression of TGF-β1 
leads to vigorous proliferation of fibroblasts. 
These abnormal fibroblasts may be mesenchy-
mal stem cells (MSCs) derived from epithelial-
mesenchymal transition or endothelial-mesen-
chymal transition (EndoMT) [57, 58]. In vitro, it 
can be differentiated into various phenotypic 
mature and functional pluripotent stem cells 
with limited differentiation ability. MSCs differ-
entiate into abnormal fibroblasts, which are 
characterized by excessive fibrosis and colla-
gen production. The inflammatory microenvi-
ronment can trigger the production of MSC 
intermediates that can differentiate into keloid 
fibroblasts.

Macrophages, lymphocytes and other inflam-
matory cells in the immune microenvironment 
secrete a variety of cytokines by up-regulating 
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transcription factors (such as snail, slug, twist) 
[59]. After the newly formed mesenchymal ce- 
lls lose intercellular adhesion, they have a high 
degree of mobility and can infiltrate surround-
ing tissues.

The expression of CD73, CD90, and CD105 
increase in MSCs, but endothelial surface 
markers such as CD34 are lacking [60]. Zhang 
et al. [61] found a group of cells expressing 
higher levels of stage-specific embryonic anti-
gen-4 (OCT4) and Octmer-4 in the dermis of 
scar tissue. These embryonic stem cell (ESC) 
markers indicate that there are keloid-derived 
stem cells. After injury, ESC on microvascular 
endothelial cells induces endothelial to me- 
senchymal transformation through cytokines 
such as TGF-β. These fibroblasts of keloids may 
also come from circulating bone marrow mes-
enchymal stem cells that migrate to target tis-
sues through EndoMT. Elevated levels of cyto-
kines IL-6 and IL-17 have been shown to 
increase the number of benign tumor-like stem 
cells [61].

Conclusion

The immune microenvironment is mainly com-
posed of keloid fibroblasts and surrounding 
immune cells. Immune cells infiltrate the mi- 
croenvironment and regulate keloid fibrobla- 
sts by secreting cytokines. The genesis and 
development of keloids is the result of the 
coevolution of keloid fibroblasts and their sur-
rounding immune cells. Immune cells in the 
microenvironment interact with each other to 
regulate the immune process and play a role  
in promoting or inhibiting the development of 
keloids. In this article, the immune cells com-
monly found in the keloid tumor microenviron-
ment have been reviewed with a focus on the 
influence of these immune cells on the patho-
genesis of keloids.

Future direction

Current studies have mostly focused on chang-
es in the number of single types of immune 
cells and the effects of these changes. In the 

Figure 2. Immune microenvironment of keloid fibroblasts [52, 54-56]. α- 
SMA, alpha smooth muscle actin; CTGF, connective tissue growth factor; 
MMPs, matrix metalloproteinases; TGF-β, transforming growth factor-beta; 
EGF, epidermal growth factor; PDGF, platelet derived growth factor; VEGF, 
vascular endothelial growth factor; TNF-α, tumor necrosis factor-α; IFN-γ, 
interferon-γ; TIMPs, tissue inhibitors of metalloproteinases; TIMP-1, tissue 
inhibitor of metalloproteinase 1.

Age-related immune microen-
vironment in keloid

In aging skin, the number and 
functions of antigen-present-
ing cells (such as Langerhans 
cells, mast cells) decrease 
with age [33, 62]. The content 
of collagen in dermis will also 
decrease with age. In elderly 
animals, fibroblasts, vascular 
endothelial cells and keratino-
cytes have reduced ability to 
react to prolife rative respons-
es [63, 64]. Senescent fibro-
blasts have a weakened 
response to growth factors 
[65]. Re-epithelialization, col-
lagen synthesis, and angiogen-
esis show a downward trend 
with aging [65]. Clarifying the 
changes in the age-related 
immune microenvironment in 
the pathogenesis of keloids 
may help to explain the low 
incidence and mild symptoms 
of keloids in the elderly and 
disclose the mechanism in 
young patients.
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future, studies should be conducted that focus 
on the mechanism by which multiple immune 
cells interact, more in line with the immune 
regulation that occurs in humans. The explo- 
ration of immune cells that may play an impor-
tant role in keloid formation will be beneficial 
for the development of keloid immunotherapy.
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