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Abstract:  

 

Hypertrophic scars and keloids are forms of abnormal scarring, which may be the cause of somatic 

ailmants and, due to unfavorable aesthetic effect, also mental disorders and social problems. Given 

the unclear aetiology and the lack of effective treatment methods, they pose a serious challenge for 

modern science. The contribution of genetic factors is one of the proposed hypotheses regarding the 

formation of hypertrophic scars and keloids. Gene polymorphism and mutations occurring in them 

may interfere with the proper course of signaling pathways responsible for the subsequent stages of 

the wound healing process. An important role in the pathogenesis of abnormal scarring may be the 

TGF-B1/Smad pathway, MAPK kinase, pathway for IGF-I and its receptor, plasminogen activator 

inhibitor-1 and urokinase plasminogen activator, gene polymorphisms for the vitamin D receptor 

and the ADAM33 gene, as well as abnormal expression of suppressor genes. The effect on heat 

shock protein expression and type 2 hyaluronidase synthase was also shown. The explanation of the 

genetic basis of hypertrophic scar and keloid formation may lead to a full understanding of their 

pathogenesis and also have important implications in the form of therapeutic benefits resulting in 

the development of effective forms of treatment.  
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1. Introduction 

 

Hypertrophic scars and keloids represent a serious challenge for modern medicine due to the lack of 

effective treatments [1]. According to estimated data, the problem of developing hypertrophic and 

keloid scars occurs mainly in people aged 10-30 years [2]. Abnormal forms of scarring may cause 

somatic symptoms such as pain, pruritus and even limitation of joint mobility, however their 
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occurrence may also be associated with psychological problems - a sense of stress and 

psychological discomfort, which may lead to dysfunctions in society [1,3]. In recent years, many 

research results have been presented that combine the formation of hypertrophic and keloid scars 

with genetic factors that significantly contribute to the explanation of the pathogenesis of these 

disorders. 

 

2. The physiological process of wound healing 

 

In the process of wound healing, three stages can be specified: inflammation, proliferation and 

remodeling [4]. The inflammatory phase begins at the moment of wounding and lasts about 48 

hours. During its course, the blood plaques that form the scab release cytokines and growth factors 

such as interleukins, tumor necrosis factor α (TNF-α) and transforming growth factor β (TGF-β). 

This results in concentration of the immune system cells at the site of tissue damage - neutrophils 

and activation of macrophages and keratinocytes [2,5]. The next stage is the proliferation phase, 

which starts 48-72 hours after the injury and can last from 21 to 42 days. It includes keratinocyte 

proliferation and fibroblast influx in place of wound and subsequent production of extracellular 

matrix (ECM). The aim of this process is the formation of granulation tissue consisting of a mixture 

of procollagen, proteoglycans, hyaluronic acid and elastin. The production of granulation tissue 

allows the initiation of angiogenesis [3]. The remodeling phase has a decisive impact on the final 

appearance of the scar. Fibroblast growth factor (FGF) plays a key role in its course, in particular 

FGF-2 and TGF-β forms [4]. It is believed that the final stage of scar remodeling can cover a period 

of more than 12 months, during which ECM changes are controlled by the degradation of matrix 

metalloproteinases (MMPs) dependent on zinc and inhibiting their tissue functions inhibitors of 

metalloproteinases (TIMP) [5]. 

 

The disturbance of physiological wound healing process resulting from improper activity of 

signaling pathways regulating this process in an indirect or direct way leads to abnormalities in the 

process of scarring, which may result in the formation of hypertrophic and keloid scars [3]. 

 

2. Differences between hypertrophic scar and keloid 

 

The main differentiating factor between hypertrophic scar and keloid is the tendency to remain 

within, therefore, not growing and being limited to the initial wound boundary in the case of 

hypertrophic scars. Keloids, on the other hand, have the ability to cross the original wound [6]. 

Keloids and hypertrophic scars tend to have a specific location. Places with an increased likelihood 

of hypertrophic scarring are the skin of the cheeks, earlobes, as well as the regions of neck, 

shoulders and arms, for a change the chest skin is a frequent location of keloids [7]. A particular 

point in the development of hypertrophic scar is the regression stage that occurs after a rapid growth 

phase lasting about 6 months. This stage lasts for several years and allows the hypertrophic scar to 

turn into a flat scar. This process does not occur in the case of keloids, which determines the lack of 

their ability to spontaneously revert [8]. 

 

Currently, more and more attention is focused on the importance of keratinocytes, fibroblasts and 

Langerhans cells in the pathogenesis of abnormal scarring of the skin tissue. In the case of 

hypertrophic scars, overexpression of cyclooxygenase-1 (COX-1) in epidermal cells was observed, 

as well as increased concentration of Langerhans cells accompanied by an increased expression of 

interleukin 4 (IL-4), with simultaneously reduced Il-1α expression. In the case of keloids, epidermal 

cells show excessive expression of cyclooxygenase-2 (COX-2). It is worth emphasizing that the 

number of Langerhans cells within the epidermis usually does not exceed the norm, however, an 

increased concentration of T and B lymphocytes and M2 type macrophages is observed [9]. 

 

The histological features also show differences between the keloid and the hypertrophic scar. 
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Excess collagen fibers are characteristic for both hypertrophic and keloid scars [7]. The basic 

differentiating feature is the arrangement of collagen fibers. In normal skin tissue, collagen fibers 

run parallel to the epithelial plane, being grouped into bundles. In the case of hypertrophic scars, the 

type III collagen scars have a sigmoidal shape and their cross-section has flattening characteristics, 

whereas the parallel position in relation to the epithelial plane is preserved [3]. In this case, the 

collagen bundle may be characterized by a decrease in length and fragmentation [9]. A different 

structural organization is found in the case of keloids - type I and III collagen occurs in the form of 

thick bundles or in the form of less organized fibers that are loosely connected [3]. Collagen fibers 

exhibit hyalinization, length variation, and their spatial conformation may resemble spirals [9]. In 

this case, parallel arrangement of fibers in relation to the epithelial plane is not preserved [3,7]. 

Studies of the collagen I to collagen III ratio in abnormal forms of scarring showed its increase, 

which was expressed the most in the case of keloids (17.2), more than two times less in 

hypertrophic scars (7.73) being the same as the ratio measured in normal skin ( 6.28) [10]. 

 

3. Genetic mutations predisposing to the formation of hypertrophic and keloid scars 

 

Many studies have been conducted, the results of which indicate a significant role of the genetic 

factor in the formation of keloids and hypertrophic scars. One of the evidence linking the 

development of these skin lesions to genetic changes is their increased incidence in genetic 

syndromes (Table 1). It has also been proven that patients with a dark skin phenotype are 15 times 

more likely to develop abnormal forms of scarring [3]. 

 

table 1. 

 

3.1. The TGF-βI / Smad pathway and the effect of MAPK kinase 

 

The TGF-β1 / Smad pathway significantly contributes to the process of abnormal skin healing and 

its inhibition may limit the formation of keloid [11]. TGF-β1 is a determinant of fibrotic processes 

by stimulating fibroblast proliferation in tissues, as well as the production of ECM components. It is 

believed that the cytokine TGF-β1 may play a major role in the pathogenesis of hypertrophic and 

keloid scars [12]. Song et al. in their studies among the Chinese population in the venous blood 

material indicated the polymorphism of the TGF-β1 gene by PCR method combined with DNA 

sequence analysis in patients with keloid, the control group in this study were patients with normal 

scarring. In the group of patients with keloid, a statistically significant correlation was found 

between the occurrence of TGF-β1 -509C / T polymorphism and elevated serum TGF-1β [13]. The 

influence of TGF-β1 gene polymorphism has also been studied in the Caucasian population. The 

study showed that the presence of the T allele at position -509 of the TGF-β1 gene is significantly 

associated with a reduced risk of keloids [14]. The importance of TGF-β1 in the increased migration 

of keratinocytes in patients with abnormal wound healing has also been demonstrated. Hahn et al. 

showed that inhibition of TGF-β1 signaling allows to reduce the migration of keratinocytes [15]. 

Studies conducted by Dong et al. showed that the chymase produced by mast cells present in keloid 

tissue may stimulate the production of TGF-β1, which results in increased fibroblast proliferation 

and a secondary increase in collagen synthesis [11]. Other studies have shown that TGF-β has the 

ability to stimulate the expression of fibroblast growth factor (FGF-2), which in turn is responsible 

for the positive regulation of MMP activity responsible for the regulation of the remodeling step in 

the wound healing process, hence it can be assumed that the disruption of gene expression FGF-2 

coding may also be a factor favoring the formation of abnormal scars [16,17]. 

 

It has been demonstrated that the mitogen-activated kinase (MAPK) pathway can be activated by 

TGF-β transduction, which takes place independently of the Smad proteins. It is also postulated that 

the MAPK pathway through activation of extracellular signaled kinase (ERK) kinase may interfere 

with the Smad penetration into the nucleus through Smad-2 and Smad-3 phosphorylation. It was 
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also proved that inhibitors of JNK and p38 translated to the reduction of invasiveness of keloid 

fibroblasts secondary to inhibition of Smad protein complexes formation [12]. This was confirmed 

by studies carried out by Sood et al. who noticed that the mutation of sense change in the PTPN5 

gene, whose product shows an inhibitory effect on MAPK, significantly correlates with a milder 

process of hypertrophic scar formation [18]. 

 

3.2. Insulin-like growth factor-1 

 

The IGF-I / IGF-IR pathway plays an important role in the multiplication of cells as well as the 

inhibition of apoptosis. This confirms the association of this pathway with the occurrence of renal 

fibrosis associated with IgA nephropathy, as well as rat liver fibrosis. Activation of the IGF-I 

receptor (IGF-IR) can take place by binding IGF-I and IGF-II [19]. Increased concentration of 

insulin-like growth factor in keloid tissue has been demonstrated [12]. Research conducted by 

Daian et al. indicated a complex role of this factor in the pathogenesis of abnormal wound healing 

and the formation of hypertrophic and keloid scars. TGF-1β and IGF-1 have a synergistic ability to 

promote the synthesis of ECM proteins, such as fibronectin, type I collagen or plasminogen 

activator inhibitor (PAI-1). It is indicated that the essence of this process is the ability of IGF-1 to 

support TGF-1β in phosphorylation of p38 mitogen-activated kinase and stimulation of type 2 

transcription factor [20]. In a study conducted by Hu et al., an increased level of expression for IGF-

IR in fibroblast tissue originating from immature hypertrophic scars and kelodia was demonstrated. 

This suggests that the IGF-I / IGF-IR pathway plays an important role in the pathogenesis of 

abnormal scarring through negative effects on fibroblast apoptosis and a positive effect on collagen 

synthesis [19]. 

 

3.3. Plasminogen activator inhibitor (PAI-1) and urokinase-type plasminogen activator (uPA) 

 

It is estimated that urokinase plasminogen activator plays an important role in the degradation of 

ECM, and thus may be one of the factors conditioning the ability of keloid to expand beyond the 

original wound. Research by Leake et al. [21] showed a strong expression (> 50%) of the uPA 

receptor (uPAR) in 40% of the keloid tissues tested. Importantly, the same study also showed a 

significant uPAR expression in the EMC for kelodia in 70% of cases and no increase in normal scar 

ECM. PAI-1 has a strong capacity to inhibit uPA, which determines its fibrogenic action [21]. Li et 

al. demonstrated reduced uPA expression in hypertrophic scars and an increase in PAI-1 expression 

compared to normal scars [22]. It is believed that the relationship between PAI-1 and the excessive 

accumulation of collagen in the tissue is an important causative factor in abnormal wound healing. 

In their studies, Wang et al. showed a positive correlation between the occurrence of keloid in 

patients and the occurrence of elevated serum PAI-1 levels. A statistically significant association of 

high concentrations of PAI-1 with the presence of the polymorphism -675 4G / 5G and the presence 

of the 4G / 4G genotype was observed. Importantly, no such association was proven, and thus there 

was no greater risk of occurrence of keloid in patients with polymorphism -844 A / G [23]. 

 

3.4. Vitamin D receptor (VDR) 

 

Vitamin D has many functions in the body, one of them is participation in the regulation of cell 

differentiation and their proliferation and programmed death. Regulation of gene expression in the 

case of vitamin D takes place in two ways, the first mechanism is the formation of a complex of 

VDR receptors with retinoid receptors after being activated by calcitriol, while the second 

mechanism consists in direct binding of VDR to nuclear receptors [24]. Yu et al. have found a 

significant association between the TaqI C> T polymorphism of the VDR gene and the increased 

risk of keloid in the case of female sex. Patients with keloid were characterized by significantly 

lower levels of 1.25 (OH) in serum compared to patients in the control group. Also in the case of the 

TaqI C> T polymorphism, the level of 1.25 (OH) was significantly lower compared to the control 
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group [25]. The results of these studies show the relationship with the results obtained by Hahn 

together with Supp, which by means of immunohistochemical methods showed that in the keloid 

tissue there are significantly reduced amounts of VDR in comparison with normal scars. Also the 

presence of nuclear VDR was significantly lower in the case of material obtained from keloids, but 

importantly it was also noted that it is also lower in the case of dark-skinned donors. The results of 

this experiment may be a response to a noticeable relationship between dark skin tone and higher 

risk of keloid and hypertrophic scars [26]. 

 

3.5. ADAM33 - disintegrin gene and metalloproteinase 

 

The ADAM33 gene belongs to the ADAM gene family, whose products are equivalent proteins. 

ADAM proteins are transmembrane proteins derived from the adamalysin protein family. It is 

postulated that they play an important role in the processes of cell signaling, cell growth, 

differentiation and proliferation. To date, 21 types of ADAM proteins have been detected in 

humans, of which only 13 are capable of proteolytic activity [27]. The ADAM33 protein is an 

endopeptidase whose function, like other ADAM proteins, is closely dependent on zinc ions [28]. 

Han et al. investigated the association between keloid occurrence and the presence of ADAM33 

gene polymorphisms. The results of their experiments showed that GGAAGA haplotypes may 

predispose to the development of cheloids, whereas the GGGAGG haplotype may perform 

protective functions [29]. 

 

3.6. Suppressor genes 

 

The PTEN suppressor gene found on the long arm of the chromosome 10 plays an important role in 

the life cycle of the cells. The PTEN protein can be found both in the cytoplasm and in the cell's 

nucleus. The cytoplasmic form has the ability to inhibit PI3K / AKT kinase activation, while the 

main function of the PTEN nuclear form is the regulation of the cell cycle, gene expression and the 

effect on genomic stability. NEDD4-1 can affect the stabilization and degradation of PTEN 

molecules, mediating PTVE in monofibiquitination and polyubiquitination [30], respectively. Sang 

et al. demonstrated statistically significant reduced concentrations of PTEN in deleted keloid 

tissues, in addition PTEN expression levels were inversely related to NEDD4-1 expression in keloid 

tissue [31]. Studies performed by Liu et al. also showed a reduced concentration of PTEN in keloid 

tissue compared to normal scars [32]. Studies carried out by Teofoli et al. show increased 

expression of mRNA and bcl-2 proteins, c-jun and c-fos, with simultaneously reduced expression of 

p53 in tissue fibroblasts taken from hypertrophic and keloid scars, which indicates the role of these 

factors in the pathogenesis of abnormal scarring [33]. 

 

Gao et al. demonstrated a relationship between the occurrence of the p53 gene variant with the 

presence of codon 72 CCC / CCC, and a greater risk of hypertrophic and keloid scar formation [34]. 

Another study showed reduced expression of p53 and increased expression of the DNp63 isoform 

compared to tissues obtained from hypertrophied and normal skin scars [35]. 

 

3.7. Heat shock proteins (Hsp) 

 

Heat shock proteins are defined as a group of proteins responsible for the protection of cells against 

stressors. Their protective function manifests itself by stabilizing the synthesis, function and 

transport of proteins. Another function of Hsp is to modulate the cell apoptosis process, which has 

been noticed, e.g. observing the increase in Hsp expression in healing tissues [36]. Totana 

et al. demonstrated the essential role of heat shock proteins in the formation of keloid tissue. Their 

results revealed increased levels of hsp27, hsp47, hsp70 and no increase in hsp 60 and hsp 90 levels 

in keloid tissue compared to samples obtained from normal skin [36]. Another study conducted by 

Shin et al. investigated the effect of transfected siRNA on keloid fibroblasts on the effects of 
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inhibiting Hsp70 protein expression. It was observed that the decrease in Hsp70 positively 

correlated with lowering the level of collagen type I and III mRNA. This suggests that increased 

expression of heat shock proteins may play an important role in the formation of keloid by a 

positive effect on the production of collagen by fibroblasts [37]. 

 

3.8. Type 2 hyaluronidase (HAS2) synthase 

 

Hyaluronic acid (HA) is a glycosaminoglycan commonly found in ECM. Three synthases of 

hyaluronic acid (HAS1, -2, -3) have been identified, which are enzymes associated with the cell 

membrane [38]. HA molecules have functions that regulate the transport of other molecules and 

cells through tissues, as well as regulate tissue renewal processes and inflammatory processes. HA 

is also the main factor responsible for proper hydration of the skin tissue [39]. The transmembrane 

glycoprotein CD44 is the main receptor for HA. CD44 is involved in signal transduction as well as 

plays an important role in cell-cell communication and between cell and ECM [40]. 

 

Supp et al. have demonstrated that the overexpression of HAS2 in keloid tissue is associated with 

the increased ability of keratinocytes to migrate keloid tissue, which may explain the tendency of 

keloid to spread beyond the original wound boundaries [41]. The results showing the protective and 

antiapoptotic effect of HAS2 expression on stressed fibroblasts under laboratory conditions were 

presented by Wang et al. [42]. 

 

Conclusions 

 

Due to somatic complaints, as well as an important aesthetic defect associated with the occurrence 

of hypertrophic and keloid scars, which may lead to psychological and social problems, it is 

necessary to learn the mechanisms of these abnormal forms of scarring. Patients who may 

experience this process disorder should seek medical advice before body piercing and cosmetic 

procedures that may affect skin continuity. 

Explanation of the genetic basis of the formation of hypertrophic and keloid scars can lead to a full 

understanding of their pathogenesis, as well as bring important implications in the form of 

therapeutic benefits, resulting in the development of effective forms of treatment. 
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