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Cutaneous squamous cell carcinomas (SCCs) emerge as a serious sequela in selected forms of epidermolysis bullosa (EB), 

carrying elevated risks of morbidity and mortality along with considerable gaps in effective management strategies. Elevated 

endogenous mutagenesis coupled with a desmoplastic stromal reaction is implicated in disease development. Individuals with 

dystrophic EB (DEB) and Kindler EB (KEB) are most at risk of SCC formation. A parallel high-risk cohort includes 

immunosuppressed (IS) patients, notably organ transplant recipients. This work explores potential dysregulation of immune 

checkpoint proteins and suppressive enzymes in EB-related SCCs to evade host immunity. Expression profiles are contrasted 

with those detected in SCCs from IS patients—who commonly manifest aggressive lesions—as well as sporadic tumors in 

immunocompetent (IC) subjects. Immunohistochemistry coupled with semi-quantitative scoring was employed to assess 

indoleamine 2,3-dioxygenase (IDO), programmed cell death protein-1 (PD-1), programmed cell death ligand-1 (PD-L1), T cell 

immunoglobulin and mucin-domain-containing protein-3 (TIM-3), lymphocyte activation gene-3 (LAG-3), and key 

inflammatory populations (CD4, CD8, and CD68) in cohorts comprising 30 DEB-SCCs, 22 KEB-SCCs, 106 IS-SCCs, and 100 

IC-SCCs. DEB-SCCs exhibited markedly elevated IDO and PD-L1 within carcinoma cells and increased PD-1 in the tumor 

microenvironment (TME) relative to both IC-SCCs and IS-SCCs. CD4-positive T-cell density per mm² proved significantly 

diminished in DEB-SCCs compared with IC-SCCs. KEB-SCCs displayed minimal expression of the T-cell exhaustion markers 

TIM-3 and LAG-3 across all evaluated groups. Collectively, these observations highlight IDO, PD-1, and PD-L1 as upregulated 

in EB-SCCs and warrant consideration as candidates for combined therapeutic approaches, particularly in DEB-SCC cases. 

Keywords: Epidermolysis bullosa, Collagen VII, Kindlin, Squamous cell carcinoma, Indoleamine 2,3-dioxygenase, 
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Introduction 

Particular variants of epidermolysis bullosa (EB) confer 

heightened susceptibility to squamous cell carcinomas 

(SCCs) developing at sites of persistent cutaneous and 

mucosal injury [1-3]. Both dystrophic EB (DEB) and 

Kindler EB (KEB) are linked to recurrent SCCs that 

present early in life, demonstrate prompt metastatic 

dissemination, and pursue an aggressive, life-threatening 

trajectory [4-7]. SCCs in DEB have been recorded in 

patients as young as 13 years, often associated with poor 

survival [8]. In KEB, tumors preferentially arise in zones 

subjected to intense ultraviolet radiation or repeated 

mechanical trauma [4, 6, 9]. The earliest documented 

KEB-associated SCC (KEB-SCC) occurred in a 6-year-

old child [10]. Surgical resection with wide margins or 
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amputation currently represents the mainstay of 

management [4]. Insights into the efficacy of 

immunotherapy for advanced EB-SCC derive 

predominantly from isolated case reports and modest 

patient series [4, 11-19]. This population therefore faces 

a pressing need for improved treatment options. 

Within DEB skin, intrinsic mutational signatures driven 

primarily by apolipoprotein B mRNA-editing enzyme, 

catalytic polypeptide-like (APOBEC) activity result in 

extensive early mutational accumulation [20]. Ongoing 

cellular stress and inflammatory signals stemming from 

recurrent wounding and microbial exposure activate 

APOBEC pathways [20]. Mutational characteristics of 

KEB-SCC have yet to be delineated. Nevertheless, 

kindlin-1 modulates cell-cycle checkpoints and genomic 

integrity [21] and contributes to the biology of multiple 

tumor types [22-25]. 

Activation of fibroblasts, transforming growth factor 

beta-1 cascades, and related reparative signaling 

networks feature prominently in both DEB and KEB [26-

32]. The resulting fibrotic microenvironment is 

considered a key driver of the aggressive phenotype of 

DEB-SCC. Inflammatory processes in EB involve 

intricate interactions between wound-healing responses 

and bacterial colonization, both of which potentiate 

malignant transformation [33]. Emerging laboratory 

findings suggest that PD-1/Treg-dependent mechanisms 

may restrain adaptive T-cell responses in DEB [34]. 

Despite these observations, detailed characterization of 

the immune contexture in EB-SCC remains sparse. 

Enhanced expression of immune checkpoint components 

on neoplastic cells and associated stromal populations 

can markedly impair effective antitumor immunity. Key 

regulators such as programmed cell death protein-1 (PD-

1) on T lymphocytes and programmed cell death ligand-

1 (PD-L1) on tumor or antigen-presenting cells critically 

influence tumor monitoring; therapeutic blockade of this 

axis augments T-cell effector functions [35, 36]. 

Indoleamine 2,3-dioxygenase (IDO) catalyzes the 

conversion of L-tryptophan to kynurenine, thereby 

establishing an immunosuppressive niche that favors 

regulatory T-cell expansion [37, 38]. Additional 

exhaustion markers on T cells, including T cell 

immunoglobulin and mucin-domain-containing protein-

3 (TIM-3) and lymphocyte activation gene-3 (LAG-3), 

represent further actionable targets capable of restoring 

T-cell competence and promoting tumor clearance [39, 

40]. 

The principal objective of this study was to ascertain 

whether EB-SCCs display altered immune checkpoint 

profiles that may explain their unfavorable prognosis and 

offer opportunities for targeted intervention.  

Materials and Methods  

Patients and samples   

The investigation encompassed 258 cutaneous SCC 

specimens. These included 30 tumors from patients with 

recessive DEB (n = 9), 22 tumors from individuals with 

KEB (n = 7), 100 sporadic SCCs originating on sun-

exposed areas in immunocompetent subjects (IC-SCCs) 

(n = 96), and 106 tumors resected from 

immunosuppressed patients (IS-SCCs) (n = 41) (Table 

1). EB patients had not been exposed to anti-proliferative 

agents, immunotherapy, or radiation therapy before 

tumor removal, apart from one case (DEB-P1), who had 

undergone prior anti-PD-1 treatment before resection of 

a right-hand lesion [15]. Immunosuppressed participants 

presented with conditions such as organ or stem cell 

transplantation, autoimmune inflammatory disorders, 

primary immunodeficiency, solid neoplasms, or blood 

cancers. All lesions were surgically removed for clinical 

indications. Tumor morphology was documented from 

original pathology reports, with corresponding 

hematoxylin and eosin (H&E) slides re-examined for 

confirmation. Ethical approval was granted by the 

University of Freiburg Ethics Committee (EK-Freiburg 

45/18 and 5/20), and the work adhered to the Declaration 

of Helsinki guidelines. 

Table 1. Patient and tumor clinicopathological features. 

Characteristic 
IS-

SCC⁴ 

IC-

SCC³ 

KEB-

SCC² 

DEB-

SCC¹ 

Number of patients / SCC 

samples 
41 / 106 96 / 100 7 / 22 9 / 30 

Mean age at SCC 

diagnosis, years (range) 

68 (41–

87) 

80 (45–

99) 

47 (30–

65) 

32 (18–

50) 

Sex distribution (male: 

female) 
27:14 58:38 5:2 4:5 

Tumor localization, n (%)     

Head and neck 54 (51) 79 (79) 7 (32) 0 (0) 

Trunk 17 (16) 0 (0) 0 (0) 0 (0) 

Upper extremities 24 (23) 19 (19) 5 (23) 16 (53) 

Lower extremities 11 (10) 2 (2) 10 (45) 14 (47) 

Histological grade, n (%)     

G1 38 (36) 48 (48) 8 (36) 22 (73) 

G2 60 (57) 51 (51) 3 (14) 5 (17) 

G3 8 (7) 1 (1) 11 (50) 3 (10) 

Vertical tumor thickness, 

n (%) 
    

≤2 mm 35 (33) 42 (42) 6 (27) 7 (23) 
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2.01–6 mm 58 (55) 40 (40) 16 (73) 14 (47) 

>6 mm 9 (8) 18 (18) 0 (0) 5 (17) 

Not available (NA) 4 (4) 0 (0) 4 (13) 6 
¹ Recessive dystrophic EB; ² squamous cell carcinoma; ³ Kindler EB; ⁴ 

immunocompetent; ⁵ immunosuppressed; ⁶ not available. 

Immunohistochemistry   

Five-micrometer serial sections were generated from 

formalin-fixed paraffin-embedded tissue blocks. 

Conventional hematoxylin and eosin staining supported 

routine diagnostic evaluation. Immunohistochemical 

(IHC) procedures involved deparaffinization and heat-

induced epitope retrieval with either EDTA (pH 9) or 

citrate (pH 6) buffers. Selected slides received a pre-

incubation step in blocking buffer (2% BSA + 0.05% 

Tween 20 in TBS) for 30 min at room temperature to 

reduce non-specific labeling. All antibodies were 

prepared in commercial diluent (Zytomed; catalog 

number: ZUC025). Primary antibody incubation lasted 

60 min at room temperature. Negative controls consisted 

of sections exposed only to secondary reagents. 

Immunoreactivity was visualized with the Dako REAL™ 

alkaline phosphatase/RED detection kit for rabbit/mouse 

antibodies (Dako, catalog number: K5005). Microscopic 

images were acquired on a Zeiss Axioscope (Carl Zeiss, 

Jena, Germany) and documented using AxioVision 

software (Carl Zeiss, Jena, Germany, SE64 release 4.9). 

H-scores for IDO, PD-1, PD-L1, TIM-3, and LAG-3 

were computed semiquantitatively via the equation: H-

score = [1 × (% cells 1+) + 2 × (% cells 2+) + 3 × (% cells 

3+)]. Membrane staining intensity was categorized as 0 

= negative, 1+ = faint, 2+ = intermediate, or 3+ = intense 

[8]. Three independent evaluators, unaware of clinical 

details, performed the scoring. 

Densities of CD4+, CD8+, and CD68+ cells were 

quantified as cells per mm² with QuPath software 

(Version 0.4.1) [41]. Mean values were obtained from a 

minimum of three representative tumor fields at ×10 

magnification using automated positive cell 

identification and tallying functions. 

Statistical analysis   

Marker expression was analyzed within each SCC 

category and referenced against the IC-SCC group. 

Figures and statistical evaluations were produced in 

GraphPad Prism version 9.4.1 (GraphPad Software, La 

Jolla, CA, USA, www.graphpad.com, accessed on 13 

January 2024)—inter-group comparisons utilized 

Kruskal–Wallis testing with Dunn’s post-hoc correction. 

Linear regression was used to assess potential 

relationships between tumor depth and H-score values. A 

threshold of p < 0.05 indicated statistical significance. 

Results and Discussion 

Clinicopathological characteristics of SCCs   

Clinicopathological details regarding the participants 

and their tumors are presented in Table 1. Typical 

clinical appearances of SCCs from the various subgroups 

are illustrated in Figure 1. The average age at tumor 

diagnosis was 32 years among DEB patients (range: 18–

50), 47 years among KEB patients (range: 30–65), 80 

years among IC patients (range: 45–99), and 68 years 

among IS patients (range: 41–87). DEB- and KEB-

associated SCCs occurred predominantly on the 

extremities (100% and 68% of cases, respectively), 

whereas IC- and IS-SCCs were primarily found in the 

head and neck area (79% and 51%, respectively) (Table 

1). Fifty percent of the examined tumors displayed 

vertical thickness ranging from 2.01 to 6 mm. Lesions 

classified as high-risk due to thickness exceeding 6 mm 

comprised 17% of DEB-SCCs, 0% of KEB-SCCs, 18% 

of IC-SCCs, and 8% of IS-SCCs. Assessment of vertical 

thickness was not feasible in four DEB-SCCs and four 

IS-SCCs owing to specimen fragmentation. The IS-SCC 

cohort consisted of tumors from 34 organ transplant 

recipients (22 kidney, 1 liver, 2 lung, 1 heart, and 8 stem 

cell transplants), 4 patients managed for inflammatory or 

autoimmune conditions (two rheumatoid arthritis, one 

psoriasis, one bullous pemphigoid), 1 case of congenital 

immunodeficiency featuring CD4+ T-cell impairment, 

and 1 individual with treated B-CLL. 

Immunosuppressive agents administered included 

mTOR inhibitors (n = 5), calcineurin inhibitors (n = 24), 

purine synthesis inhibitors (n = 25), antimetabolites (n = 

3), alkylating or alkylating-like agents (n = 2), and 

proteasome inhibitors (n = 1), with 23 patients receiving 

combined regimens. 

 
a) 
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b) 

 
c) 

 
d) 

Figure 1. Clinical manifestations of cutaneous SCCs 

in the different study populations 

(a) SCC located on the back of an organ transplant 

recipient receiving dual immunosuppressive treatment, 

with surrounding poikilodermatous skin changes 

secondary to marked actinic damage, (b) Multiple SCCs 

affecting the severely deformed hand of a dystrophic EB 

patient, (c) SCC on the upper lip of a patient diagnosed 

with Kindler EB, and (d) Hyperkeratotic SCC on the 

scalp in an immunocompetent subject. EB, 

epidermolysis bullosa; SCC, squamous cell carcinoma. 

DEB-SCC tumor cells express significantly higher levels 

of IDO and PD-L1 compared with IC- and IS-SCC tumor 

cells   

Expression of IDO within carcinoma cells was 

substantially greater in DEB-SCCs (mean H-score: 

48.32) than in KEB-SCCs (mean H-score: 10.8; P = 

0.0038), IC-SCCs (mean H-score: 15.34; P < 0.0001), 

and IS-SCCs (mean H-score: 6.585; P < 0.0001) (Figure 

2). Expression levels did not differ meaningfully 

between IC-SCCs and IS-SCCs (mean H-scores: 15.34 

versus 6.585) (Figure 2). Similarly, PD-L1 staining 

intensity in DEB-SCC tumor cells exceeded that 

observed in IC-SCCs and IS-SCCs (mean H-scores: 

DEB—96.59 versus IC—26.36 versus IS—33.26; P < 

0.0001 and P = 0.0021, respectively). KEB tumor cells 

also showed elevated PD-L1 compared with both control 

groups (mean H-scores: KEB—62.39 versus IC—26.36 

versus IS—33.26; P = 0.0015 and P = 0.0304, 

respectively). Notably, tumor cells in both IC-SCCs and 

IS-SCCs displayed comparably negligible levels of IDO 

and PD-L1 (Figure 2). 

 
a) 

 
b) 

Figure 2. Expression of IDO and PD-L1 in 

cutaneous SCCs along with their tumor 

microenvironments 

(a) Illustrative immunohistochemical (IHC) images from 

representative cases in each SCC category demonstrating 

IDO and PD-L1 localization in neoplastic cells and 

adjacent microenvironmental elements. # denotes tumor 

cells. Magnification = 200× and (b) Quantitative 

comparison of average IDO and PD-L1 expression 

across the SCC cohorts, measured by H-scores. IC = 

immunocompetent, IS = immunosuppressed, DEB = 

dystrophic EB, and KEB = Kindler EB. Asterisks 

indicate statistical significance: *P < 0.05; **P < 0.01; 

***P < 0.001; ****P < 0.0001. 

Analysis of the tumor microenvironment (TME) 

revealed broadly high IDO expression in non-tumor cells 

that was comparable across most subgroups (DEB-SCC 



Hassan et al.                                                                               Arch Int J Cancer Allied Sci, 2026, 6(1):130-140  
 

 

 

134 

mean H-score: 108.1; IS-SCC mean H-score: 112.0; IC-

SCC mean H-score: 114.4), except for significantly 

lower levels in KEB-SCCs (mean H-score: 46.14) 

(Figure 2). PD-L1 expression in the TME showed no 

substantial variation among the four groups (mean H-

scores: DEB-SCC—75.73, IS-SCC—76.86, IC-SCC—

73.57, KEB—81.11) (Figure 2). In aggregate, these data 

indicate that DEB-SCC tumor cells strongly induce IDO 

and PD-L1, thereby promoting immune resistance 

mechanisms that likely facilitate tumor establishment 

and progression. 

The TME inflammatory cell infiltrate in EB-SCCs   

Quantification of key inflammatory populations—CD4+ 

and CD8+ T cells, together with CD68+ macrophages—

was performed in the TME of 25–30% of samples from 

each SCC category due to constraints on tissue 

availability (Figure 3). DEB-SCCs contained markedly 

fewer CD4+ T cells (mean: 649 cells/mm²) compared 

with IC-SCCs (mean: 1211 cells/mm²; P = 0.0039), 

while a similar but non-significant decrease was noted 

versus IS-SCCs (mean: 1067 cells/mm²; P = 0.2084) 

(Figure 3). The IS-SCC group exhibited the lowest 

CD8+ T-cell infiltration (mean: 692/mm²), which was 

significantly lower than in IC-SCCs (P = 0.0163). DEB-

SCCs displayed a parallel downward trend (mean: 

794/mm² versus IC mean: 1228/mm²; P = 0.1501) 

(Figure 3). Macrophage (CD68+) numbers were 

significantly reduced in KEB-SCCs compared with IC-

SCCs (mean: 338 cells/mm² versus 703 cells/mm²; P = 

0.0113), whereas densities remained equivalent among 

DEB-, IC-, and IS-SCCs (Figure 3). Overall, the TMEs 

of DEB- and IS-SCCs were marked by attenuated 

inflammatory infiltrates, particularly a paucity of tumor-

infiltrating lymphocytes (TILs). 

 
a) 

 
b) 

Figure 3. Inflammatory cell populations within the 

TMEs of cutaneous SCCs 

(a) Representative immunohistochemical staining 

images highlighting CD4+ and CD8+ T lymphocytes as 

well as CD68+ macrophages in the tumor 

microenvironment for each SCC category. # denotes 

tumor cells. Magnification = 200×, and (b) Quantitative 

comparison of mean absolute cell counts per mm² for 

CD4+, CD8+, and CD68+ populations across all SCC 

groups. IC = immunocompetent, IS = 

immunosuppressed, DEB = dystrophic EB, and KEB = 

Kindler EB. Asterisks denote statistical significance: *P 

< 0.05 and **P < 0.01. 

PD-1 expression was significantly upregulated in the 

TMEs of DEB-, KEB-, and IS-SCCs, while LAG-3 was 

increased in the TME of IS-SCCs   

Detailed examination of T-cell populations in the tumor 

microenvironment (TME) included evaluation of the 

checkpoint receptors PD-1, TIM-3, and LAG-3 (Figure 

4). PD-1 levels within the TME were notably elevated in 

DEB-SCCs (mean H-score: 151.8), KEB-SCCs (mean 

H-score: 132.1), and IS-SCCs (mean H-score: 118.6) 

when compared to IC-SCCs (mean H-score: 85.34; P < 

0.0001, P = 0.0439, and P = 0.0057, respectively). DEB-

SCCs displayed a tendency toward even greater PD-1 

expression than IS-SCCs (mean H-score: 151.8 versus 

118.6; P = 0.1513), though this comparison fell short of 

statistical significance (Figures 4a and 4b). TIM-3 

expression remained comparably strong in IC-SCCs 

(mean H-score: 69.13), IS-SCCs (mean H-score: 75.01), 

and DEB-SCCs (mean H-score: 86.57), but was 

markedly reduced in KEB-SCCs (mean H-score: 25.93) 

(Figures 4a and 4b). In contrast, LAG-3 showed 

significantly higher expression in the TME of IS-SCCs 

(mean H-score: 53.07) relative to IC-SCCs (mean H-

score: 31.68; P < 0.0001) and KEB-SCCs (mean H-

score: 1.875; P < 0.0001) (Figures 4a and 4b). Levels in 

IS-SCCs trended higher than in DEB-SCCs (mean H-

score: 38.09; P = 0.1366) without reaching significance. 

KEB-SCCs exhibited significantly lower LAG-3 than 

DEB-SCCs (mean H-scores: 1.875 versus 38.09; P = 
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0.0138). Overall, PD-1 upregulation characterized the 

TME in EB-associated SCCs, while LAG-3 elevation 

was prominent in IS-SCCs. 

 
a) 

 
b) 

Figure 4. TIM-3, LAG-3, and PD-1 expression 

patterns in the TME of cutaneous SCCs 

(a) Illustrative immunohistochemical images from each 

SCC category highlighting TIM-3, LAG-3, and PD-1 

staining in stromal elements of the tumor 

microenvironment. # indicates tumor cells. 

Magnification = 200×, and (b) Quantitative assessment 

of average TIM-3, LAG-3, and PD-1 expression levels 

across SCC groups using H-scores. IC = 

immunocompetent, IS = immunosuppressed, DEB = 

dystrophic EB, and KEB = Kindler EB. Statistical 

significance levels are indicated as * P < 0.05), ** P < 

0.01), and *** P < 0.0001). 

Correlations between immune markers and 

clinicopathological parameters   

The study investigated possible links between IDO and 

PD-L1 expression in carcinoma cells and vertical tumor 

thickness in EB-SCCs, considering the known 

association between greater depth and heightened 

metastatic potential [42] (Figure 5). In IC-SCCs, IDO 

levels in tumor cells correlated strongly with vertical 

thickness (P < 0.004) (Figure 5). No significant 

associations were detected in DEB-SCCs (P = 0.4047) or 

KEB-SCCs (P = 0.1194). PD-L1 expression in tumor 

cells correlated with thickness in IC-SCCs (P < 0.0038) 

and IS-SCCs (P = 0.0278) (Figure 5). Within EB cases, 

a significant correlation appeared only in KEB-SCCs (P 

= 0.0013), but not in DEB-SCCs (P = 0.2125). Several 

thin DEB-SCCs nevertheless showed high IDO and PD-

L1 levels, which may underlie the lack of correlation 

with depth in this subgroup. These findings suggest that 

IDO and PD-L1 expression in neoplastic cells may serve 

as surrogate prognostic indicators, particularly in IC- and 

IS-SCCs. 

 
Figure 5. Relationship between immune marker 

levels and vertical tumor thickness. 

Linear regression analysis depicting the influence of 

vertical tumor thickness (x-axis) on marker expression 

(y-axis) in both tumor cells and stromal compartments. 

IC = immunocompetent, IS = immunosuppressed. 

Significance is shown as * P < 0.05, ** P < 0.01, *** P 

< 0.001. r = Pearson correlation coefficient. Logarithmic 

transformation was applied to values on both axes before 

statistical testing. 

Comparable associations were identified for IDO in 

TME cells, revealing significant correlations with 

vertical thickness in IC-SCCs (P = 0.0014) and IS-SCCs 
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(P = 0.0229) (Figure 5), but none in DEB-SCCs (P = 

0.6683) or KEB-SCCs (P = 0.6377). PD-L1 expression 

in the TME correlated robustly with tumor depth in IC-

SCCs (P = 0.0022) (Figure 5), with non-significant 

trends observed in IS-SCCs (P = 0.1549), DEB-SCCs (P 

= 0.0637), and KEB cases (P = 0.1475) (Figure 5). 

Associations involving TME markers were therefore less 

consistent than those in tumor cells. Strong correlations 

in IC-SCCs nonetheless imply potential prognostic 

utility. Tumor grade correlations were additionally 

assessed, though limited by small numbers of higher-

grade EB-SCCs and an absence of grade III/IV tumors in 

the IC group. Significant grade-related associations in 

IC-SCCs involved LAG-3 (P < 0.0163), TIM-3 (P = 

0.014), tumor cell PD-L1 (P < 0.0001), and PD-1 (P = 

0.029), with no corresponding findings in EB-SCCs or 

IS-SCCs. 

Further evaluation of TME checkpoint molecules 

showed that LAG-3 and PD-1 expression in IC-SCCs 

correlated significantly with Breslow thickness (P = 

0.0163 and P = 0.0004, respectively) (Figure 5). No such 

relationships were present in IS-SCCs, DEB-SCCs, or 

KEB-SCCs (Figure 5). In conclusion, heightened 

checkpoint expression on T cells within the TME, 

particularly in IC-SCCs, aligns with increased tumor 

thickness and may forecast unfavorable outcomes. 

The influence of multi-agent immunosuppressive 

regimens on vertical tumor thickness and tumor 

aggressiveness was also explored in the IS-SCC cohort. 

No association was identified between the specific 

immunosuppressive agents employed, their number, or 

vertical tumor depth. 

Interpretation of findings 

Elucidating the mechanisms by which cancer cells evade 

immune detection through molecular camouflage is a 

central concern in cancer biology and underpins the 

development of novel therapeutic approaches. This 

investigation characterized the expression profiles of 

multiple immune checkpoint molecules in squamous cell 

carcinomas (SCCs) arising in patients with 

epidermolysis bullosa (EB), compared with those from 

immunocompetent and immunosuppressed individuals. 

SCCs in these cohorts emerged under markedly different 

conditions: (i) during youth in the context of chronically 

injured skin in EB; (ii) later in life among 

immunosuppressed hosts; or (iii) as UV-driven 

malignancies in elderly immunocompetent persons. 

Although the sample size of EB-SCCs is modest, it 

carries substantial weight for such an ultra-rare condition 

and aligns meaningfully with data from comparable 

research. 

A key observation was the prominent expression of 

immunosuppressive checkpoint proteins by tumor cells 

in EB-SCCs. Persistent inflammation, ongoing tissue 

injury, extracellular matrix reorganization, and recurrent 

bacterial insults [43, 44] likely drive the induction of 

these molecules, allowing tumors to circumvent immune 

defenses at early stages and promote oncogenesis and 

advancement. DEB-SCCs displayed strong PD-L1 and 

IDO positivity in neoplastic cells, alongside PD-1 in the 

tumor microenvironment (TME), irrespective of lesion 

thickness. KEB-SCCs similarly demonstrated robust 

PD-L1 expression on tumor cells and PD-1 within the 

TME. PD-L1 upregulation may be mediated by 

transcription factors such as STAT3 or inflammatory 

cytokines including IFN, TNF, and IL-17, which are 

known to be elevated in DEB [45-47]. Tumor-derived 

IDO contributes to the creation of an immunosuppressive 

niche; notably, higher IDO levels in cutaneous 

melanoma have been associated with poorer 

progression-free survival. Phase II studies combining 

PD-1 blockade with IDO inhibition yielded favorable 

outcomes, with an objective response rate (ORR) of 

51%, complete responses in 20% of cases, and disease 

control in 70% [48]. A separate phase I/II evaluation of 

an IDO/PD-L1-targeted vaccine plus nivolumab reported 

an ORR of 80% and complete responses in 43% of 

patients with metastatic melanoma [49]. 

DEB-SCCs contained fewer CD4+ cells in the TME than 

IC-SCCs. This is consistent with prior observations of 

markedly reduced peritumoral CD4+ infiltration in 

DEB-SCCs versus UV-induced SCCs, while levels were 

comparable to those in IS-SCCs [50, 51]. Elevated 

baseline TIL density has been linked to superior clinical 

outcomes in various solid tumors treated with immune 

checkpoint therapy [52]. CD8+ TILs typically confer 

prognostic advantages, whereas the impact of CD4+ 

TILs is more variable, with Th1-skewed populations 

associated with prolonged survival [52]. Incorporating 

markers of TIL activation and effector function improves 

the accuracy of prognostic assessments. For instance, 

pre-existing PD-1+ CD8+ TILs predict better responses 

to PD-1 inhibitors in melanoma [53]. Additional 

exhaustion markers such as TIM-3 and LAG-3 are under 

active investigation for their prognostic significance 

[52]. PD-1 and TIM-3 frequently co-occur during T cell 

exhaustion [54], and our data revealed TIM-3 expression 
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in TME cells. Expression of TIM-3 was largely similar 

across SCC subgroups, except for significantly lower 

levels in KEB-SCCs. This finding diverges from earlier 

work reporting higher TIM-3 expression in DEB-SCCs 

compared with primary SCCs [50]. As a member of the 

TIM family, TIM-3 is expressed on IFNγ-secreting 

CD4+ and CD8+ T cells [55] and identifies the most 

impaired subset of CD8+PD-1+ tumor-infiltrating 

lymphocytes [55]. A phase I/Ib study of anti-TIM-3 

monotherapy or its combination with anti-PD-1 therapy 

provided evidence of clinical activity in advanced solid 

malignancies [56]. Substantial LAG-3 expression was 

noted in the TME of nearly all SCCs, reaching the 

highest intensity in IS-SCCs. Increased LAG-3, often 

coexpressed with PD-L1, has been reported in advanced 

cutaneous SCCs [57]. As a member of the 

immunoglobulin superfamily, LAG-3 modulates T cell 

biology in diverse ways [40, 58]. It engages MHC-II on 

antigen-presenting cells and is displayed on TIL 

surfaces, contributing to T cell exhaustion [40]. LAG-3 

blockade has proven effective in melanoma, particularly 

when paired with PD-1 inhibition [59, 60]. 

Collectively, these data highlight that EB-SCCs possess 

unique immune marker signatures distinct from those of 

IC- and IS-SCCs. DEB-SCCs and KEB-SCCs differed 

further, potentially reflecting the lack of chronic 

wounding in KEB and the multifaceted functions of 

kindlin-1. 

Although reduced TIL infiltration, limited 

differentiation, and lower tumor mutational burden 

(TMB) likely drive the aggressive phenotype of EB-

SCCs, the strong expression of PD-L1, IDO, and PD-1 

in tumor cells and the surrounding TME identifies 

actionable therapeutic vulnerabilities. Strategies 

combining IDO inhibitors or IDO vaccination with PD-

1 blockade may improve therapeutic responses. TIM-3 

and LAG-3 inhibitors offer additional options for pairing 

with PD-1-targeted agents, while emerging bispecific 

antibodies have shown encouraging antitumor effects 

[61-63]. When integrated with our recent case reports 

[64], the present results enhance the immunological 

profiling of advanced cutaneous SCCs in EB and support 

the design of mechanistically informed treatments. 

Conclusion 

This study reveals that EB-SCCs exhibit distinct immune 

marker expression patterns and TIL densities relative to 

IC- and IS-SCCs. These observations advance 

immunological understanding of advanced cutaneous 

SCCs in EB patients and aid in selecting biologically 

tailored therapies when intervention is required.  
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