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Objective: Keloid, a unique human ailment, poses challenges in scar treatment due to variable efficacy and lengthy therapy and 
follow-up periods. Therefore, there is a need for a novel approach to address all forms of abnormal scarring. Photodynamic therapy 
(PDT), although slow-acting, shows promise, particularly when combined with surgery. This study aims to assess the efficacy and 
potential mechanism of PDT in conjunction with surgery for keloid treatment.
Methods: Keloid patients were identified through pathological examination, and the expression of YAP and Engrailed-1 in keloid 
tissue was determined via immunohistochemistry. Initially, all keloids underwent treatment with 20% ALA-PDT as the initial 
therapeutic step (the preoperative photodynamic therapy margin extends 0.5 cm beyond the visible lesion edge to ensure full target 
tissue coverage), using red LED light with specific parameters. Subsequently, keloids were surgically excised 24 hours post-PDT, 
followed by another PDT session.
Results: Immunohistochemistry assays revealed a significant reduction in YAP and Engrailed-1 levels in keloid tissues post-PDT. Over 
a minimum 6-month follow-up period, no infections, scar exacerbations, or recurrences were observed, except for postoperative 
hyperpigmentation.
Conclusion: The combination of PDT and surgical therapy demonstrates promising results for keloid treatment. The suppression of 
YAP leading to reduced Engrailed-1 expression may represent a mechanism underlying the successful treatment of keloids with PDT.
Keywords: keloid, photodynamic therapy, surgery, YAP and Engrailed-1

Introduction
Keloids are benign skin conditions characterized by excessive fibrous tissue growth, resulting from persistent and 
abnormal inflammation at the site of a wound.1 Keloid scars exhibit overgrowth beyond the original wound boundaries, 
contrasting with hypertrophic scars that remain confined to the incision area.2 Both types of scars stem from impaired 
fibroblast proliferation and collagen deposition post-injury.3 Symptoms such as discomfort, itching, red discoloration, and 
uncontrollable spreading can significantly impact patients’ quality of life and mental well-being.4 Current treatment 
modalities for keloids encompass surgical removal and local corticosteroid injections;5 however, monotherapies are 
associated with high relapse rates. While combination therapies can yield favorable outcomes, they often necessitate 
prolonged treatment durations and follow-up periods. Consequently, there is a pressing need for innovative therapeutic 
strategies to consistently and effectively improve keloid healing.

Nie et al were the pioneers in demonstrating the effectiveness of combining photodynamic therapy with surgical 
intervention for keloid treatment.6 PDT is a feasible option. This treatment is non-invasive and secure. The process involves 
applying a chemical known as a photosensitizer to a lesion and then exposing it to light in the presence of molecular oxygen.7,8 

In dermatology, topical PDT today employs several light sources, such as lasers, intense pulsed light, light-emitting diodes, 
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blue light, red light, and other visible light, including natural light.9 The current photosensitizers include 5-aminolevulinic acid 
(ALA), an intermediate naturally occurring in the heme biosynthesis pathway, and its methyl ester, methylaminolevulinic acid 
(MAL).10,11 ALA and MAL do not possess intrinsic photosensitizing characteristics. They serve as pro-drugs, processed by 
enzymes in the heme pathway to generate protoporphyrin IX, a very potent endogenous photosensitizer.12 Upon light 
exposure, protoporphyrin IX is activated and interacts with molecular oxygen in the surrounding tissue, leading to the 
generation of fatal reactive oxygen species (ROS) and free radicals. These agents selectively eradicate quickly dividing cells.13 

Topical PDT is an established treatment for malignancies including actinic keratosis, Bowen’s disease, and superficial basal 
cell carcinoma.14 PDT has shown effectiveness in addressing many non-neoplastic dermatological disorders, including 
photoaged skin, leishmaniasis, pyogenic sweat adenitis, sebaceous gland hyperplasia, and acne vulgaris.15 Research examin
ing the molecular mechanisms underlying the anti-tumor effects of topical PDT suggests its capacity to inhibit bacterial 
proliferation, diminish inflammation, and regulate the immune response in various skin cell types, including keratinocytes, 
fibroblasts, mast cells, sebaceous glands, and hair follicles.16 Moreover, several studies suggest that topical PDT has beneficial 
effects on keloids. A case report shown that PDT effectively cured a persistent keloid unresponsive to many conventional 
therapies.17 This study seeks to combine PDT with surgical intervention for keloid treatment, while also exploring the 
underlying processes of PDT’s impact on keloid development.

Materials and Methods
Patients
Ten patients, aged 20 to 70, diagnosed with keloid, were randomly chosen and enrolled for our study based on 
histological examination performed at our hospital (Table 1). Patients get detailed information on ALA-PDT, including 
its indications, treatment principles, therapeutic results, possible complications, and preventive strategies. Patients were 
obligated to provide written informed consent.

The following criteria were used to evaluate eligibility for inclusion: (1) Keloids identified by skilled plastic surgeons; 
(2) Participants aged 18 to 75 years; (3) Absence of prior keloid treatments, including laser therapy, radiation, or injectable 
therapies, during the six months before participation. The exclusion criteria included the subsequent: (1) individuals with 

Table 1 Clinical Data and Follow-Up Information

A

Patient 1 2 3 4 5

Age (years) 49 47 30 23 29

Sex Female Female Female Female Male

Location Abdomen Ear Ear Ear Ear
Size 7.0×2.0 cm 1.2×1.5 cm 1.5×1.5 cm 1.5×0.8 cm 2.2×2.2 cm

Clearance Yes Yes Yes Yes Yes

Number of follow-up visits 1.0 0.8 1.7 1.5 1.6
Length of follow-up time 1.3 years 0.7 years 1.6 years 1.2 years 1.3 years

B

Patient 6 7 8 9 10

Age (years) 23 36 41 66 32

Sex Female Female Female Male Female

Tumor location Back Vulva Abdomen Groin Ear
Size 3.0×2.0 cm 3.4×2.5 cm 2.5×1.9 cm 4.2×2.0 cm 3.0×2.0 cm

Clearance Yes Yes Yes Yes Yes

Number of follow-up visits 1.3 1.5 1.5 1.6 1.0
Length of follow-up time 1.2 years 0.8 years 1.5 years 1.1 years 1.2 years

Note: ×=Keloid volume.
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malignant neoplasms or systemic immunological disorders; (2) pregnant or lactating women; (3) patients with substantial 
cardiac, hepatic, or renal impairment, in addition to coagulation abnormalities or platelet disorders.

The Procedure of ALA-PDT Treatment
Following the acquisition of the patient’s permission for treatment, the keloid underwent a solitary session of PDT. The 
keloid was surgically removed 24 hours after confirming the patient’s lack of any apparent adverse responses, followed by 
immediate PDT on the afflicted region once again (applying a wet compress of 5-ALA to the keloid lesion, extending 
0.5–1 cm beyond the visible margins, before photodynamic therapy. cover with moist gauze and shield from light for 
3–4 hours), then the surgical incision is meticulously closed using standard protocols to ensure optimal healing and minimize 
postoperative complications. The lesions situated in the region of interest and extending 0.5 cm beyond the visible lesions 
were treated with benzalkonium bromide for decontamination. The injury was addressed with a saline solution including 
20% ALA (0.5 mL: 118 mg), produced by Fudan Zhang Jiang Biomedical Corp. in Shanghai, China. The specified area was 
covered with a plastic sheet and protected from all light sources for a period of 4 hours. The XD-635AB diode laser, 
produced by Xingda Photoelectricity Medical Equipment Corp. in Guilin, China, generated laser beams at a wavelength of 
635nm once the plastic coating was removed. The laser beams were aimed at the treatment region, ensuring a uniform energy 
density of 120 J/cm2. The exposure length for each 3 cm2 spot size was set at 15 minutes. Numerous sources were used to 
light the impacted region for extensive lesions. The power output was modified to 100 milliwatts per square centimeter. The 
light exposure was adjusted to provide a uniform vertical distance of 5 cm from the lesions.18

Histopathologic Biopsy and Immunohistochemistry
All patients who met the stated criteria and were identified with keloids were sent to the plastic surgery department for 
surgical intervention. The surgical procedure was conducted following recognized guidelines, culminating in the preparation 
of histology slides. The surgical specimens were processed for hematoxylin and eosin staining and immunohistochemistry. 
The approach may be concisely articulated as follows: The study included analyzing the tissue material microscopically at 
a magnification of ×40, thereafter doing a more detailed inspection at a magnification of ×100. Two skilled pathologists 
performed independent analyses of the tissue and surgical specimens using slides. The immunohistochemical approach used 
primary antibodies, namely rabbit anti-YAP (Cat # 14074S, 1:200, CST) and rabbit anti-Engrailed-1 (Cat # ab108598, 1:200, 
Abcam). The tissue sections were processed to eliminate paraffin and then incubated with antibodies for a prolonged duration 
at 4°C. The samples were washed with PBS and then stained with donkey anti-rabbit IgG antibodies. The sections underwent 
counterstaining with hematoxylin. The intensity of positive expression in immunohistochemistry (IHC) is represented by the 
integrated optical density (IOD), calculated by dividing the total IOD values by the aggregate of the relevant regions.

Visual Analogue Scale
The patients’ discomfort throughout the PDT session was assessed using the Visual Analog Scale (VAS).19 The VAS is 
a technique used to measure the level of pain perceived by people. The process is measuring the distance in millimeters 
on a 10-centimeter line, with each millimeter denoting one unit, from the reference point of “no pain” to the mark 
specified by the patient. The approach produces ratings ranging from 0 to 10.

Statistical Analysis
Statistical analysis was conducted with GraphPad Prism 5 software created by GraphPad (USA). The statistical data were 
presented as the mean value with the standard error of the mean (SEM) indicated as plus or minus. The data were 
analyzed using Student’s t-test to compare the two groups or a one-way analysis of variance (ANOVA), followed by 
Tukey’s post hoc test. A P value under 0.05 was considered statistically significant.

Result
Histological analysis confirmed the diagnosis of keloids in all 10 cases, and requisite MRI or X-ray examinations were 
conducted. All patients had keloids measuring between 0.5 and 3 cm. The patients exhibited no notable wound infections, 
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and no drug-resistant bacteria, including Pseudomonas, Citrobacter freundii, Staphylococcus aureus, or Serratia marces
cens, were identified in the secretions.

All 10 patients had surgical excision of the keloid, with adjunctive photodynamic therapy delivered both before to and 
during the treatment. All surgical wounds demonstrated good healing without any occurrences of keloid recurrence or 
wound infections (Table 1).

Figure 1a depicts the hyperplasia of a keloid in the patient’s earlobe, which has significantly hindered everyday activities 
including social interactions, academic performance, and vocational functioning. This ailment has significantly impacted the 
patient’s psychological state. The findings indicated a significant enhancement in earlobe keloid after one year of photo
dynamic therapy combined with surgical surgery (Figure 1b). The pathological findings indicated that the collagen fibers in 
normal skin were well-structured and systematically ordered. The collagen fibers in keloids exhibit variability in size, are 
densely coiled, possess indistinct borders, and display disorganization, lacking adjacent skin appendages such as sweat glands, 
sebaceous glands, and hair follicles. Consequently, the therapeutic efficacy of the aforementioned approaches is significant 
and noteworthy (Figure 2a and b). Thus, the instances that underwent the aforementioned approach had favorable treatment 
results with notable impacts.

Studies have shown that scar repair in skin wounds often include the development of fibrous tissue, regulated by a distinct 
fibroblast lineage known as Engrailed-1 (En1). The YAP protein pathway, integral to mechanosignaling, is essential for 
modulating the expression of En1.20 Immunohistochemistry results demonstrated a significant elevation in the expression of 
En1 and YAP in keloid tissue relative to normal skin tissue (Figure 2c). Subsequently, after two sessions of photodynamic 
treatment, immunohistochemistry examination demonstrated a significant decrease in the expression levels of YAP and 
Engrailed-1 proteins in keloid cells, as well as in the surrounding skin tissues. This discovery indicates a possible new 
therapeutic target for photodynamic therapy in keloid treatment (Figure 3a and b). Post-PDT, some patients may have 
temporary localized adverse effects, such as dermal burning, heightened wound exudation, erythema, pigmentation changes, 
sharp pain, and infection (Table 2), often linked to the procedure’s execution. Subsequent to PDT, the Visual Analog Scale 
(VAS), a validated instrument for measuring subjective pain intensity, was used to assess patient-reported pain levels. Table 3 
delineates the VAS ratings for all patients subsequent to each PDT session. When the VAS score above 3,18 patients received 
a 5 mL (50 mg) injection of flurbiprofen axetil.

Figure 1 The effect of the combination of ALA-PDT and surgical excision on keloid. (a) Patients before photodynamic therapy. (b) 1 year follow-up after the whole 
treatment showed no local recurrence.
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Discussion
Keloids develop as a result of abnormal wound healing and manifest as red, hard, raised lesions. They are characterized 
by chronic inflammation and the overproduction of fibrous tissue.21 Their development is gradual and accompanied by 
significant pain, pruritus, and aesthetic concerns. The origin of keloid or hypertrophic scar development is unclear. Both 
disorders include an overproduction of extracellular matrix constituents, including collagen. Keloids generate around 20 
times more collagen (notably collagen I and III) and 4 times more fibronectin than normal skin. The fibroblasts inside 
these scars are also activated. Keloid fibroblasts demonstrate increased concentrations of growth factors, including 
vascular endothelial growth factor, transforming growth factor-β1 and -β2, and platelet-derived growth factor-α1. The 
cells have a vigorous reaction to these growth factors.

It is believed that 5% to 15% of all wounds develop into keloids and hypertrophic scars, particularly in persons of 
Asian or African origin. The lack of animal models for these scars has resulted in a scarcity of specific drugs and 
treatments for them.22 Numerous cures have been identified via empirical investigation and conjecture. The most 
efficacious therapy now include topical-steroid injection, steroid-impregnated tape, surgical intervention, irradiation, 
silicone-gel sheeting, imiquimod, fluorouracil cream, and intralesional injection of bleomycin.23 Nonetheless, certain 
restrictions are connected with these therapies. The medications used are not just aimed at keloids and hypertrophic scars. 
Moreover, both steroid injections and radiation may result in adverse consequences, including skin shrinkage and 

Figure 2 Histological analysis of normal skin and keloid using H&E staining. (a) Normal skin with thin epidermis, organized fine collagen and reduced cellularity in normal 
skin. (b) Whorls of haphazard hyalinized thickened collagen and increased cellularity in keloid. (c) Immunohistochemical staining revealed the expression of YAP and 
Engrailed-1 in keloid and skin (Scale bar, 200 μm. n=3; *P < 0.05, n=5).
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telangiectasia. Moreover, dependence only on keloid surgery correlates with a significant recurrence rate, often resulting 
in new scars that are more severe than the initial ones. Moreover, combination medications naturally need prolonged 
treatment durations or follow-up. Therefore, it is important to create a very effective and consistent innovative treatment 
for keloids and hypertrophic scars that swiftly resolves them.

Our study results suggest that the integration of PDT with surgery for keloid treatment is a very promising therapeutic 
approach. This integrated method has shown significant clinical efficacy in reducing scar recurrence, improving texture 
and pigmentation, and increasing patient satisfaction. This treatment method had a satisfactory safety profile, marked by 
few side effects. Another study group showed the effectiveness and safety of combining photodynamic therapy with 
surgery for scar repair, with a mean follow-up period of 2.7 years.24

The specific mechanisms by which topical PDT improves abnormal scarring are mostly unknown. Nonetheless, these 
responses probably include reactions to the reactive oxygen species (ROS) produced by the photodynamic process. 

Figure 3 (a) Immunohistochemical staining revealed YAP-positive cells in keloid tissues. (b) Immunohistochemical staining revealed Engrailed-1-positive cells in keloid tissues 
(Scale bar, 200 μm. n=3; **P < 0.01, n=5).
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Reactive oxygen species (ROS) inflict damage on the cell membrane and mitochondria, triggering the activation of 
signaling molecules such as TNF-α and interleukins 1 and 6, which eventually culminates in cell death.25 Cellular demise 
may transpire by apoptosis, necrosis, and/or autophagy. These modifications may impact the expression of growth factors 
and cytokines inside the lesion, thus affecting collagen synthesis and the arrangement of the extracellular matrix. The 
findings indicates that ALA-PDT given to cultured normal fibroblasts significantly reduces their formation of type 
I collagen while enhancing the activity of collagen-degrading enzymes.26 This may explain the finding of the Bayat 
group that PDT induced a rearrangement of the extracellular matrix components in both hypertrophic scars and keloids.27 

Moreover, several studies have shown that the photodynamic response inhibits the proliferation and motility of normal 
cutaneous fibroblasts cultured in a gel matrix. Moreover, it was shown that PDT markedly diminishes the expression of 
TGF-β1 and basic fibroblast growth factor mRNA in fibroblasts.28

The mechanical signaling factor termed yes-associated protein (YAP) has been connected with En1-lineage positive 
fibroblasts (EPFs), a specific fibroblast lineage that facilitates scarring. This association connects the conversion of 
mechanical impulses into biochemical signals (mechanotransduction) with the progression of fibrosis.29 Our results 
demonstrated a decrease in Engrailed-1 and YAP positive fibroblasts in keloids after PDT treatment. By inhibiting the 
manufacture of EPFs cells, PDT may provide a novel strategy for treating keloids by diminishing tissue fibrosis.

Nevertheless, it is important to acknowledge several limitations of our research. The results may have restricted 
relevance owing to the minimal sample size. Furthermore, to validate the post-PDT process for keloid therapy, it is 
essential to separate it from surgical intervention to ascertain the precise mechanism by which PDT alone inhibits keloid 
development.

Table 3 VAS Score of Patients

PDT Session 
Patients

1st 2nd

1 3 4

2 5 5
3 7 3

4 5 2

5 6 3
6 5 5

7 2 5

8 5 3
9 4 2

10 7 3

Notes: 0–1=no pain, 2–3= slight pain, 4–6= mod
erate pain, 7–10= unbearable pain.

Table 2 PDT Treatment of Keloid Side Effects and Management Measures

Side Effect Severity Duration Management Measure Number of Patients

Skin burning Mild-Moderate 3–7 days Cold compresses 8

Wound exudation Mild 7–14 days Material covered 9

Erythema Mild 1–3 days Cold compresses 10

Pigmentation Moderate 3–12 months Sun protection (SPF 50) 7

Stabbing pain Mild-Moderate 3–10 days Analgesic ointment 10

Infect Moderate 10 days Antibiotic 1
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Our research definitively demonstrates the effectiveness of PDT when combined with surgery for keloid therapy. The 
combination therapy shown significant clinical effectiveness in reducing scar size, improving texture and pigmentation, 
and elevating patient satisfaction. This medicine has superior safety, with a minimal incidence of adverse effects. We 
propose that PDT may effectively treat keloids by inhibiting the Yap tension signaling system. This would inhibit the 
expression of En1 in keloid tissue, resulting in the reversal of tissue fibrosis and eliciting an anti-scar action.
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