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Abstract
Keloids, which are abnormal manifestations of wound healing, can result in 
significant functional impairment and aesthetic deformities. The pathogenesis of 
keloids is multifaceted and complex and influenced by various factors, such as 
genetics, the environment, and immune responses. The evolution of keloid 
treatment has progressed from traditional surgical excision to a contemporary 
combination of therapies including injection and radiation treatments, among 
others. This article provides a comprehensive review of keloid pathogenesis and 
treatment, emphasizing the latest advances in the field. Ultimately, this review 
underscores the necessity for continued research to enhance our understanding of 
keloid pathogenesis and to devise more effective treatments for this challenging 
condition.
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Core Tip: This article provides a comprehensive review of keloids, which are abnormal outcomes of wound healing. Keloids 
can lead to dysfunction and aesthetic deformities pathogenesis is influenced by genetic, environmental and immune 
responses. The evolution of keloid treatment has shifted from traditional surgical excision to modern therapies, including 
injections and radiation therapy. The article emphasizes the need for continued research to better understand keloid 
development and improve therapeutic strategies for this complex condition.

Citation: Zhao SY, Wu D, Cheng C, Xie JH. Advances and future directions in keloid research: Pathogenesis, diagnosis and person-
alized treatment strategies. World J Clin Cases 2023; 11(34): 8094-8098
URL: https://www.wjgnet.com/2307-8960/full/v11/i34/8094.htm
DOI: https://dx.doi.org/10.12998/wjcc.v11.i34.8094

INTRODUCTION
Keloids are a common yet challenging type of skin lesion that can cause significant physical and emotional distress[1]. 
These irregular growths are the result of an overgrowth of fibroblasts and can occur after various skin injuries, such as 
surgical incisions and acne[2,3]. Although keloids are not life-threatening, their occurrence in vital or functional areas can 
greatly impact a patient's appearance and functionality and potentially restrict their mobility[4,5].

Over the years, considerable progress has been achieved by both researchers and clinicians in understanding the 
fundamental mechanisms of keloid formation and developing effective treatment options[6]. Advances in diagnostic 
imaging and molecular biology have improved our ability to identify and characterize keloids, while innovative the-
rapeutic approaches, including laser therapy and cryotherapy, present promising alternatives to traditional surgical 
excision[7-10].

This review focuses on recent advancements in the pathogenesis, diagnosis, and treatment of keloids, emphasizing 
pivotal research that contributes to our understanding of this intricate disorder. By incorporating the latest findings from 
both basic research and clinical studies, our aim is to offer a comprehensive overview of the current status of keloid 
management while also highlighting avenues for further investigation and innovation in this critical field.

THE IMMUNE MICROENVIRONMENT OF KELOIDS PROMOTES THEIR GROWTH
Immune cells present within the keloid microenvironment, including macrophages, T cells, and mast cells, play a crucial 
role in the initiation and persistence of keloids[11-13]. Macrophages, which are key players in the inflammatory response, 
exhibit an M2-like phenotype in keloids, which is linked to anti-inflammatory reactions and tissue mending[14]. 
However, these M2-type macrophages also generate substantial levels of transforming growth factor-β1 (TGF-β1) and 
vascular endothelial growth factor (VEGF), potentially contributing to the excessive deposition of extracellular matrix 
(ECM) and the observed angiogenesis in keloids[15].

T cells, which are present in the keloid microenvironment, can produce cytokines that contribute to disease 
development and progression[16]. Research has revealed the presence of CD4+ and CD8+ T cells in keloids, and there is a 
predominance of CD8+ T cells[16]. These cells produce cytokines such as interferon-γ, tumor necrosis factor-α, and 
interleukin (IL)-10, which stimulate fibroblast proliferation and collagen synthesis[16].

Mast cells, which are involved in immune responses, can produce a variety of mediators, including histamines, 
cytokines, and growth factors, that contribute to keloid development. Studies have shown that mast cells in keloids 
produce high levels of TGF-β1, thereby promoting fibrosis[17].

Within this immune context, keloid fibroblasts also undergo significant alterations. In comparison to normal skin 
fibroblasts, these cells exhibit heightened antiapoptotic capabilities and faster proliferation rates[18]. Keloid fibroblasts 
release various cytokines, including IL-6, IL-8, VEGF-A, and basic fibroblast growth factor, which mediate angiogenesis, 
fibroblast proliferation, and the deposition of ECM[19]. Furthermore, keloid fibroblasts exhibit a more contractile 
phenotype than fibroblasts in normal tissues, contributing to the excessive deposition of collagen in keloids[20].

The ECM also plays a significant role in the development of keloids[21]. The ECM has a complex composition 
involving collagen, elastin, and proteoglycans and offers structural support for the skin[21]. Keloids are characterized by 
excessive deposition of ECM proteins, particularly collagen, leading to increased tension and firmness in keloid tissues
[21].

NUMEROUS SIGNALING PATHWAYS CONTRIBUTE TO THE GROWTH AND MAINTENANCE OF 
KELOIDS
One critical signaling pathway implicated in the development of keloids is the TGF-β pathway[22]. TGF-β cytokines 
participate in and promote various cellular processes, including growth, differentiation, and the generation of the ECM
[23]. In keloids, there is an abnormal increase in TGF-β expression, leading to increased collagen production and reduced 

https://www.wjgnet.com/2307-8960/full/v11/i34/8094.htm
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degradation. Consequently, excessive deposition of collagen occurs in the keloid tissue, resulting in a raised and 
thickened scar.

Another signaling pathway involved in keloid formation is the mitogen-activated protein kinase (MAPK) pathway. 
The MAPK pathway regulates the proliferation, differentiation, and survival of keloid cells[24]. In keloids, the MAPK 
pathway is activated, contributing to enhanced cell proliferation and collagen production.

The Wnt/β-catenin pathway is also closely associated with keloids[25]. This pathway regulates cell proliferation and 
differentiation and is activated in keloids, leading to increased cell proliferation and collagen production, which 
contribute to the growth and maintenance of keloid tissue[25].

Finally, the Notch signaling pathway is involved in keloid formation. Notch, which is a transmembrane receptor, 
regulates cell fate and differentiation. In keloids, the Notch pathway is activated, leading to increased cell proliferation 
and collagen production[26].

ADVANCES IN THE DIAGNOSIS AND TREATMENT OF KELOIDS
The diagnosis of keloids primarily relies on clinical presentation and can be confirmed through biopsy. Keloid treatment 
can be challenging, and no single method is universally applicable. Treatment options include conservative approaches 
such as pressure therapy, silicone gel sheets, corticosteroid injections, and more invasive methods such as surgery, 
cryotherapy, laser therapy, and radiation therapy[1-5].

Conservative measures are typically the initial step in treating keloids[27]. Pressure therapy involves applying pressure 
to keloids using materials such as pressure bands or patches, which can help flatten keloids, reduce tension, and decrease 
the risk of recurrence[27]. Intralesional corticosteroid injections can help minimize inflammation and slow the growth of 
keloids[28].

Surgical removal of keloids is another treatment option; however, the risk of recurrence is high[29]. To mitigate the risk 
of recurrence, postoperative adjuvant therapies, such as intralesional corticosteroid injections, radiotherapy, or 
cryotherapy, may be used[29]. Cryotherapy involves freezing keloids with liquid nitrogen, while radiotherapy primarily 
involves exposing keloids to low doses of radiation, thereby inhibiting the growth and secretion of keloid fibroblasts[30]. 
Laser therapy can also be used to treat keloids[31]. By using high-intensity lasers to break down scar tissue and promote 
the growth of new, healthy tissue, this method is less invasive than surgery and carries a lower risk of recurrence[31]. It is 
worth noting that combination therapy may be more suitable for treating keloids in some cases. For instance, a combi-
nation of surgery, radiation, and intralesional corticosteroids may be used to treat large or recurrent keloids.

In summary, the diagnosis of keloids relies on the clinical presentation, and treatment selection depends on factors 
such as the size, location, and severity of the keloid, as well as the patient's medical history. Despite significant advan-
cements in understanding and treating keloids, the overall therapeutic results remain unsatisfactory. Future research in 
the field of keloids may concentrate on various areas, including identifying new therapeutic targets, developing more 
effective treatments, and clarifying the underlying mechanisms of keloid formation and growth.

FUTURE RESEARCH DIRECTIONS IN THE KELOID FIELD
Keloids, which are characterized by excessive scar tissue growth, are thought to have a genetic component, and single 
nucleotide polymorphisms (SNPs) in various genes have been studied for their potential associations with keloid 
formation[32]. Candidate genes involved in wound healing, inflammation, collagen production, and ECM regulation, 
such as TGF-β, ILs, matrix metalloproteinases, and collagen genes, have been investigated for SNPs[33]. Genetic 
variations in immune response genes, cytokines, and growth factors have also been explored. Ethnic and geographic 
differences in keloid prevalence may be influenced by genetic factors[34]. However, the genetic basis of keloids remains 
complex and multifactorial, and while specific genetic markers have been associated with keloids in some studies, the 
precise mechanisms and markers are not fully understood, and genetic testing is not yet a routine diagnostic tool for 
keloids. Clinical management primarily involves various treatment options.

A prospective focal point in the field might involve the development of innovative therapies for keloids, such as the 
use of growth factor inhibitors, immunomodulators, or gene therapies targeting specific signaling pathways implicated in 
keloid formation and growth. Additionally, the advancement of more efficient drug delivery systems, such as 
nanoparticles, could enhance the effectiveness of existing therapies[35,36].

Another area of potential exploration is the use of tissue engineering techniques to treat keloids. Exploring the use of 
stem cells, growth factors, and scaffolds to regenerate healthy tissue and facilitate the healing of keloids could yield 
promising outcomes[37]. Further advancements in tissue engineering may enable the implementation of personalized 
therapies tailored to individual patients.

The development of novel diagnostic tools and biomarkers may significantly contribute to the diagnosis and treatment 
of keloids. Incorporating imaging methods such as magnetic resonance imaging or ultrasound could facilitate improved 
visualization of keloid tissue and the monitoring of treatment progress[38]. The identification of specific biomarkers, such 
as cytokines or growth factors, could also aid in the diagnosis and monitoring of keloids. Researchers can determine the 
underlying mechanisms of keloid formation and growth at the molecular and cellular levels. The identification of key 
genes, proteins, and signaling pathways involved in keloid formation may lead to the creation of innovative therapies 
and diagnostic tools. Advancements in genomics, proteomics, and other high-throughput technologies might contribute 
to the discovery of new targets and pathways[35].
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CONCLUSION
In conclusion, the field of keloids is poised for significant advancements in the future with the emergence of new 
treatments, diagnostic tools, and biomarkers. Progress in tissue engineering, genomics, and other technologies may pave 
the way for personalized, targeted treatments for keloids.

FOOTNOTES
Author contributions: Wu D and Cheng C performed the study; Zhao SY and Xie JH analyzed the data and wrote the manuscript; all 
authors read and approved the final manuscript.

Conflict-of-interest statement: The authors deny any conflict of interest.

Open-Access: This article is an open-access article that was selected by an in-house editor and fully peer-reviewed by external reviewers. 
It is distributed in accordance with the Creative Commons Attribution NonCommercial (CC BY-NC 4.0) license, which permits others to 
distribute, remix, adapt, build upon this work non-commercially, and license their derivative works on different terms, provided the 
original work is properly cited and the use is non-commercial. See: https://creativecommons.org/Licenses/by-nc/4.0/

Country/Territory of origin: China

ORCID number: Song-Yun Zhao 0000-0003-0542-1085; Chao Cheng 0000-0002-9380-3296; Jia-Heng Xie 0000-0002-4992-498X.

S-Editor: Qu XL 
L-Editor: A 
P-Editor: Qu XL

REFERENCES
1 Ogawa R. Keloid and Hypertrophic Scars Are the Result of Chronic Inflammation in the Reticular Dermis. Int J Mol Sci 2017; 18 [PMID: 

28287424 DOI: 10.3390/ijms18030606]
2 Naik PP. Novel targets and therapies for keloid. Clin Exp Dermatol 2022; 47: 507-515 [PMID: 34480483 DOI: 10.1111/ced.14920]
3 Tan S, Khumalo N, Bayat A. Understanding Keloid Pathobiology From a Quasi-Neoplastic Perspective: Less of a Scar and More of a Chronic 

Inflammatory Disease With Cancer-Like Tendencies. Front Immunol 2019; 10: 1810 [PMID: 31440236 DOI: 10.3389/fimmu.2019.01810]
4 Pai VB, Cummings I. Are there any good treatments for keloid scarring after sternotomy? Interact Cardiovasc Thorac Surg 2011; 13: 415-418 

[PMID: 21737540 DOI: 10.1510/icvts.2010.264887]
5 Atiyeh BS, Costagliola M, Hayek SN. Keloid or hypertrophic scar: the controversy: review of the literature. Ann Plast Surg 2005; 54: 676-680 

[PMID: 15900161 DOI: 10.1097/01.sap.0000164538.72375.93]
6 Glass DA 2nd. Current Understanding of the Genetic Causes of Keloid Formation. J Investig Dermatol Symp Proc 2017; 18: S50-S53 [PMID: 

28941494 DOI: 10.1016/j.jisp.2016.10.024]
7 Lu CC, Qin H, Zhang ZH, Zhang CL, Lu YY, Wu CH. The association between keloid and osteoporosis: real-world evidence. BMC 

Musculoskelet Disord 2021; 22: 39 [PMID: 33413286 DOI: 10.1186/s12891-020-03898-8]
8 Delaleu J, Duverger L, Shourick J, Tirgan MH, Algain M, Tounkara T, Kourouma S, Bagot M, Petit A. Suppurative keloids: a complication of 

severe keloid disease. Int J Dermatol 2021; 60: 1392-1396 [PMID: 33973653 DOI: 10.1111/ijd.15641]
9 Liu J, Yang C, Zhang H, Hu W, Bergquist J, Wang H, Deng T, Yang X, Zhang C, Zhu Y, Chi X, Mi J, Wang Y. Quantitative proteomics 

approach reveals novel biomarkers and pathological mechanism of keloid. Proteomics Clin Appl 2022; 16: e2100127 [PMID: 35435317 DOI: 
10.1002/prca.202100127]

10 Tuan TL, Nichter LS. The molecular basis of keloid and hypertrophic scar formation. Mol Med Today 1998; 4: 19-24 [PMID: 9494966 DOI: 
10.1016/S1357-4310(97)80541-2]

11 Shook BA, Wasko RR, Rivera-Gonzalez GC, Salazar-Gatzimas E, López-Giráldez F, Dash BC, Muñoz-Rojas AR, Aultman KD, Zwick RK, 
Lei V, Arbiser JL, Miller-Jensen K, Clark DA, Hsia HC, Horsley V. Myofibroblast proliferation and heterogeneity are supported by 
macrophages during skin repair. Science 2018; 362 [PMID: 30467144 DOI: 10.1126/science.aar2971]

12 Xu H, Zhu Z, Hu J, Sun J, Wo Y, Wang X, Zou H, Li B, Zhang Y. Downregulated cytotoxic CD8(+) T-cell identifies with the NKG2A-soluble 
HLA-E axis as a predictive biomarker and potential therapeutic target in keloids. Cell Mol Immunol 2022; 19: 527-539 [PMID: 35039632 DOI: 
10.1038/s41423-021-00834-1]

13 Dong X, Zhang C, Ma S, Wen H. Mast cell chymase in keloid induces profibrotic response via transforming growth factor-β1/Smad activation 
in keloid fibroblasts. Int J Clin Exp Pathol 2014; 7: 3596-3607 [PMID: 25120737]

14 Limandjaja GC, Waaijman T, Roffel S, Niessen FB, Gibbs S. Monocytes co-cultured with reconstructed keloid and normal skin models skew 
towards M2 macrophage phenotype. Arch Dermatol Res 2019; 311: 615-627 [PMID: 31187196 DOI: 10.1007/s00403-019-01942-9]

15 Zhou B, Gao Z, Liu W, Wu X, Wang W. Important role of mechanical microenvironment on macrophage dysfunction during keloid 
pathogenesis. Exp Dermatol 2022; 31: 375-380 [PMID: 34665886 DOI: 10.1111/exd.14473]

16 Chen Y, Jin Q, Fu X, Qiao J, Niu F. Connection between T regulatory cell enrichment and collagen deposition in keloid. Exp Cell Res 2019; 
383: 111549 [PMID: 31400303 DOI: 10.1016/j.yexcr.2019.111549]

17 Wulff BC, Wilgus TA. Mast cell activity in the healing wound: more than meets the eye? Exp Dermatol 2013; 22: 507-510 [PMID: 23802591 
DOI: 10.1111/exd.12169]

https://creativecommons.org/Licenses/by-nc/4.0/
http://orcid.org/0000-0003-0542-1085
http://orcid.org/0000-0003-0542-1085
http://orcid.org/0000-0002-9380-3296
http://orcid.org/0000-0002-9380-3296
http://orcid.org/0000-0002-4992-498X
http://orcid.org/0000-0002-4992-498X
http://www.ncbi.nlm.nih.gov/pubmed/28287424
https://dx.doi.org/10.3390/ijms18030606
http://www.ncbi.nlm.nih.gov/pubmed/34480483
https://dx.doi.org/10.1111/ced.14920
http://www.ncbi.nlm.nih.gov/pubmed/31440236
https://dx.doi.org/10.3389/fimmu.2019.01810
http://www.ncbi.nlm.nih.gov/pubmed/21737540
https://dx.doi.org/10.1510/icvts.2010.264887
http://www.ncbi.nlm.nih.gov/pubmed/15900161
https://dx.doi.org/10.1097/01.sap.0000164538.72375.93
http://www.ncbi.nlm.nih.gov/pubmed/28941494
https://dx.doi.org/10.1016/j.jisp.2016.10.024
http://www.ncbi.nlm.nih.gov/pubmed/33413286
https://dx.doi.org/10.1186/s12891-020-03898-8
http://www.ncbi.nlm.nih.gov/pubmed/33973653
https://dx.doi.org/10.1111/ijd.15641
http://www.ncbi.nlm.nih.gov/pubmed/35435317
https://dx.doi.org/10.1002/prca.202100127
http://www.ncbi.nlm.nih.gov/pubmed/9494966
https://dx.doi.org/10.1016/S1357-4310(97)80541-2
http://www.ncbi.nlm.nih.gov/pubmed/30467144
https://dx.doi.org/10.1126/science.aar2971
http://www.ncbi.nlm.nih.gov/pubmed/35039632
https://dx.doi.org/10.1038/s41423-021-00834-1
http://www.ncbi.nlm.nih.gov/pubmed/25120737
http://www.ncbi.nlm.nih.gov/pubmed/31187196
https://dx.doi.org/10.1007/s00403-019-01942-9
http://www.ncbi.nlm.nih.gov/pubmed/34665886
https://dx.doi.org/10.1111/exd.14473
http://www.ncbi.nlm.nih.gov/pubmed/31400303
https://dx.doi.org/10.1016/j.yexcr.2019.111549
http://www.ncbi.nlm.nih.gov/pubmed/23802591
https://dx.doi.org/10.1111/exd.12169


Zhao SY et al. Progress and future directions in keloid research

WJCC https://www.wjgnet.com 8098 December 6, 2023 Volume 11 Issue 34

18 Macarak EJ, Wermuth PJ, Rosenbloom J, Uitto J. Keloid disorder: Fibroblast differentiation and gene expression profile in fibrotic skin 
diseases. Exp Dermatol 2021; 30: 132-145 [PMID: 33211348 DOI: 10.1111/exd.14243]

19 Wang XM, Liu XM, Wang Y, Chen ZY. Activating transcription factor 3 (ATF3) regulates cell growth, apoptosis, invasion and collagen 
synthesis in keloid fibroblast through transforming growth factor beta (TGF-beta)/SMAD signaling pathway. Bioengineered 2021; 12: 117-126 
[PMID: 33315500 DOI: 10.1080/21655979.2020.1860491]

20 Andrews JP, Marttala J, Macarak E, Rosenbloom J, Uitto J. Keloids: The paradigm of skin fibrosis - Pathomechanisms and treatment. Matrix 
Biol 2016; 51: 37-46 [PMID: 26844756 DOI: 10.1016/j.matbio.2016.01.013]

21 Huang J, Heng S, Zhang W, Liu Y, Xia T, Ji C, Zhang LJ. Dermal extracellular matrix molecules in skin development, homeostasis, wound 
regeneration and diseases. Semin Cell Dev Biol 2022; 128: 137-144 [PMID: 35339360 DOI: 10.1016/j.semcdb.2022.02.027]

22 Wang PH, Huang BS, Horng HC, Yeh CC, Chen YJ. Wound healing. J Chin Med Assoc 2018; 81: 94-101 [PMID: 29169897 DOI: 
10.1016/j.jcma.2017.11.002]

23 Betarbet U, Blalock TW. Keloids: A Review of Etiology, Prevention, and Treatment. J Clin Aesthet Dermatol 2020; 13: 33-43 [PMID: 
32308783]

24 Cui J, Jin S, Jin C, Jin Z. Syndecan-1 regulates extracellular matrix expression in keloid fibroblasts via TGF-β1/Smad and MAPK signaling 
pathways. Life Sci 2020; 254: 117326 [PMID: 31954164 DOI: 10.1016/j.lfs.2020.117326]

25 Yu D, Shang Y, Yuan J, Ding S, Luo S, Hao L. Wnt/β-Catenin Signaling Exacerbates Keloid Cell Proliferation by Regulating Telomerase. Cell 
Physiol Biochem 2016; 39: 2001-2013 [PMID: 27771714 DOI: 10.1159/000447896]

26 Condorelli AG, El Hachem M, Zambruno G, Nystrom A, Candi E, Castiglia D. Notch-ing up knowledge on molecular mechanisms of skin 
fibrosis: focus on the multifaceted Notch signalling pathway. J Biomed Sci 2021; 28: 36 [PMID: 33966637 DOI: 
10.1186/s12929-021-00732-8]

27 Ogawa R. The Most Current Algorithms for the Treatment and Prevention of Hypertrophic Scars and Keloids: A 2020 Update of the 
Algorithms Published 10 Years Ago. Plast Reconstr Surg 2022; 149: 79e-94e [PMID: 34813576 DOI: 10.1097/PRS.0000000000008667]

28 Al-Attar A, Mess S, Thomassen JM, Kauffman CL, Davison SP. Keloid pathogenesis and treatment. Plast Reconstr Surg 2006; 117: 286-300 
[PMID: 16404281 DOI: 10.1097/01.prs.0000195073.73580.46]

29 Jaloux C, Bertrand B, Degardin N, Casanova D, Kerfant N, Philandrianos C. [Keloid scars (part II): Treatment and prevention]. Ann Chir Plast 
Esthet 2017; 62: 87-96 [PMID: 27209565 DOI: 10.1016/j.anplas.2016.04.006]

30 Limmer EE, Glass DA 2nd. A Review of Current Keloid Management: Mainstay Monotherapies and Emerging Approaches. Dermatol Ther 
(Heidelb) 2020; 10: 931-948 [PMID: 32705533 DOI: 10.1007/s13555-020-00427-2]

31 Leszczynski R, da Silva CA, Pinto ACPN, Kuczynski U, da Silva EM. Laser therapy for treating hypertrophic and keloid scars. Cochrane 
Database Syst Rev 2022; 9: CD011642 [PMID: 36161591 DOI: 10.1002/14651858.CD011642.pub2]

32 Brown JJ, Ollier W, Arscott G, Ke X, Lamb J, Day P, Bayat A. Genetic susceptibility to keloid scarring: SMAD gene SNP frequencies in 
Afro-Caribbeans. Exp Dermatol 2008; 17: 610-613 [PMID: 18445023 DOI: 10.1111/j.1600-0625.2007.00654.x]

33 Nakashima M, Chung S, Takahashi A, Kamatani N, Kawaguchi T, Tsunoda T, Hosono N, Kubo M, Nakamura Y, Zembutsu H. A genome-
wide association study identifies four susceptibility loci for keloid in the Japanese population. Nat Genet 2010; 42: 768-771 [PMID: 20711176 
DOI: 10.1038/ng.645]

34 Teng G, Liu C, Chen M, Ma K, Liang L, Yan T. Differential susceptible loci expression in keloid and hypertrophic scars in the Chinese Han 
population. Ann Plast Surg 2015; 74: 26-29 [PMID: 25305228 DOI: 10.1097/SAP.0000000000000364]

35 Tsai CH, Ogawa R. Keloid research: current status and future directions. Scars Burn Heal 2019; 5: 2059513119868659 [PMID: 31452957 
DOI: 10.1177/2059513119868659]

36 Rossi A, Lu R, Frey MK, Kubota T, Smith LA, Perez M. The use of the 300 microsecond 1064 nm Nd:YAG laser in the treatment of keloids. J 
Drugs Dermatol 2013; 12: 1256-1262 [PMID: 24196333]

37 Feng F, Liu M, Pan L, Wu J, Wang C, Yang L, Liu W, Xu W, Lei M. Biomechanical Regulatory Factors and Therapeutic Targets in Keloid 
Fibrosis. Front Pharmacol 2022; 13: 906212 [PMID: 35614943 DOI: 10.3389/fphar.2022.906212]

38 Azarcon CP, Wells JR, Grossniklaus HE. Multimodal Imaging and Histopathology Features of a Corneal Keloid. Ophthalmology 2022; 129: 
378 [PMID: 35314029 DOI: 10.1016/j.ophtha.2021.09.017]

http://www.ncbi.nlm.nih.gov/pubmed/33211348
https://dx.doi.org/10.1111/exd.14243
http://www.ncbi.nlm.nih.gov/pubmed/33315500
https://dx.doi.org/10.1080/21655979.2020.1860491
http://www.ncbi.nlm.nih.gov/pubmed/26844756
https://dx.doi.org/10.1016/j.matbio.2016.01.013
http://www.ncbi.nlm.nih.gov/pubmed/35339360
https://dx.doi.org/10.1016/j.semcdb.2022.02.027
http://www.ncbi.nlm.nih.gov/pubmed/29169897
https://dx.doi.org/10.1016/j.jcma.2017.11.002
http://www.ncbi.nlm.nih.gov/pubmed/32308783
http://www.ncbi.nlm.nih.gov/pubmed/31954164
https://dx.doi.org/10.1016/j.lfs.2020.117326
http://www.ncbi.nlm.nih.gov/pubmed/27771714
https://dx.doi.org/10.1159/000447896
http://www.ncbi.nlm.nih.gov/pubmed/33966637
https://dx.doi.org/10.1186/s12929-021-00732-8
http://www.ncbi.nlm.nih.gov/pubmed/34813576
https://dx.doi.org/10.1097/PRS.0000000000008667
http://www.ncbi.nlm.nih.gov/pubmed/16404281
https://dx.doi.org/10.1097/01.prs.0000195073.73580.46
http://www.ncbi.nlm.nih.gov/pubmed/27209565
https://dx.doi.org/10.1016/j.anplas.2016.04.006
http://www.ncbi.nlm.nih.gov/pubmed/32705533
https://dx.doi.org/10.1007/s13555-020-00427-2
http://www.ncbi.nlm.nih.gov/pubmed/36161591
https://dx.doi.org/10.1002/14651858.CD011642.pub2
http://www.ncbi.nlm.nih.gov/pubmed/18445023
https://dx.doi.org/10.1111/j.1600-0625.2007.00654.x
http://www.ncbi.nlm.nih.gov/pubmed/20711176
https://dx.doi.org/10.1038/ng.645
http://www.ncbi.nlm.nih.gov/pubmed/25305228
https://dx.doi.org/10.1097/SAP.0000000000000364
http://www.ncbi.nlm.nih.gov/pubmed/31452957
https://dx.doi.org/10.1177/2059513119868659
http://www.ncbi.nlm.nih.gov/pubmed/24196333
http://www.ncbi.nlm.nih.gov/pubmed/35614943
https://dx.doi.org/10.3389/fphar.2022.906212
http://www.ncbi.nlm.nih.gov/pubmed/35314029
https://dx.doi.org/10.1016/j.ophtha.2021.09.017


Published by Baishideng Publishing Group Inc 

7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA 

Telephone: +1-925-3991568 

E-mail: bpgoffice@wjgnet.com 

Help Desk: https://www.f6publishing.com/helpdesk 

https://www.wjgnet.com

© 2023 Baishideng Publishing Group Inc. All rights reserved.

mailto:bpgoffice@wjgnet.com
https://www.f6publishing.com/helpdesk
https://www.wjgnet.com

	Abstract
	INTRODUCTION
	THE IMMUNE MICROENVIRONMENT OF KELOIDS PROMOTES THEIR GROWTH
	NUMEROUS SIGNALING PATHWAYS CONTRIBUTE TO THE GROWTH AND MAINTENANCE OF KELOIDS
	ADVANCES IN THE DIAGNOSIS AND TREATMENT OF KELOIDS
	FUTURE RESEARCH DIRECTIONS IN THE KELOID FIELD
	CONCLUSION
	FOOTNOTES
	REFERENCES

