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Abstract: Cutaneous squamous cell carcinomas in kidney-transplant recipients are frequent, with 

an increasing incidence linked to long immunosuppression durations and exposure to ultraviolet 

radiation. p53 is at the cornerstone of ultraviolet-induced DNA damage, but the role of p53 post-

translational modifications in this context is not yet deciphered. Here, we investigated the phos-

phorylation status of p53 at Serine 392 in 25 cutaneous squamous cell carcinomas in kidney-trans-

plant recipients, compared with 22 non-transplanted patients. Cutaneous squamous cell carcinomas 

in transplanted patients occurred after a median period of 19 years of immunosuppression, with a 

median number of 15 cutaneous squamous cell carcinomas and more aggressive histological and 

clinical characteristics. There was no significant difference between Ki67, p53, and pSer392p53 ex-

pression in the two groups. Using principal component analysis, we identified a cluster of exclu-

sively transplanted patients with a median of 23 years of immunosuppression duration, signifi-

cantly more aggressive biological characteristics, and higher pSer392p53 expression. pSer392p53 

was expressed in the whole tumor, suggesting an early carcinogenic event in the course of pro-

longed immunosuppression. This high, diffuse pSer392p53 expression, corresponding to a high 

level of DNA damage, might be useful to identify aggressive cutaneous squamous cell carcinomas 

in kidney-transplant recipients to treat them more aggressively. 
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1. Introduction 

Cutaneous squamous cell carcinomas (cSCC) are frequent among kidney-transplant 

recipients. They are usually multiple, with an increasing incidence correlated to 
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immunosuppression duration and a cumulative risk of 40% 20 years after transplantation 

[1]. The multiple carcinogenesis observed in these patients could be explained by a “field 

effect” linked to low levels of chronic inflammation with a Th2-dominant microenviron-

ment, a reduced number of natural killer cells, a tolerogenic phenotype of dendritic cells, 

and an impaired antigen-presenting function to escape immune destruction [2,3]. Expo-

sure to ultraviolet (UV) radiation, particularly on fair skin, induces DNA damage, which 

activates protective mechanisms, including the p53 pathway [4]. TP53 tumor suppressor 

gene inactivation, mainly through mutations, is thus at the cornerstone of UV-induced 

carcinogenesis [5]. In a small series of kidney-transplant patients with cSCC, the TP53 mu-

tation prevalence ranged from 36 to 63% [6,7]. In contrast, the prevalence and role of p53 

post-translational modifications, including p53 phosphorylation, remain largely un-

known. Most phosphorylation events occur early in response to genotoxic stress, resulting 

in p53 stabilization, accumulation, and increased activity, in turn leading to cell cycle ar-

rest, DNA repair, and cell death apoptosis when necessary [8,9]. To date, 43 sites have 

been reported to be phosphorylated, mainly in the transactivation N-terminal and se-

quence-specific DNA-binding C-terminal domains (Figure 1). The latter includes the reg-

ulatory domain, which contains Serine 392. In preclinical models of UV-induced carcino-

genesis, abolishing Serine 392 (Ser392) phosphorylation increased cancer incidence [10]. 

In this study, we wanted to investigate the role of Serine 392 phosphorylation in cutaneous 

SCC. 

 

Figure 1. p53 protein structure and the 43 different serine phosphorylation sites. 
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2. Results and Discussion 

In our study, we determined the phosphorylated status of Ser392p53 (pSer392p53) in 

cSCC in 25 French kidney-transplant patients and compared them to 22 cSCC from non-

transplanted patients. The median age at diagnosis of the first cSCC was 65 years for trans-

plant patients vs. 77 years for non-transplant patients (p = 0.006). In transplanted patients, 

cSCC occurred after a median period of immunosuppression of 19 years, with a median 

number of 15 cSCC per patient vs. 1 among non-transplanted patients (p < 0.001). The 

histological characteristics were more aggressive among transplant recipients (signifi-

cantly higher Clark’s level and peri-neural invasion), with a trend for a higher prevalence 

of lymph node metastases (p = 0.09) (Table 1).  

Table 1. Characteristics of patients and samples. 

Variables 
N (%) 

or Median [Q1–Q3] 

Transplantation 

(n = 25) 

No Transplantation 

(n = 22) 
p * 

Age at diagnosis (y), n = 47 71.0 ± 18.0 65.0 ± 15.0 77.0 ± 18.0 0.006 

Gender (male), n = 47 30 (64) 16 (64) 14 (64)  0.98 

Transplantation     

Yes 25 (53) - - - 

Number - 2.0 [1.0–2.0] - - 

Time since first transplant (y) - 19.0 [5.5–26.0] - - 

Number of carcinomas, n = 47 3.0 ± 17.0 15.0 ± 18.0 1.0 ± 0.75 <0.001 

Thickness (mm), n = 42 4.0 ± 7.1 4.5 ± 12.0 3.2 ± 3.5 0.32 

Clark’s level ≥ 4 (yes), n = 47 40 (85) 22 (88) 18 (82)  0.19 

Level of differentiation, n = 47    

0.22 
Good 41 (87) 22 (88) 19 (86) 

Fair 4 (8.5) 1 (4) 3 (14)  

Poor 2 (4.5) 2 (8)  0 (0) 

Peri-neural invasion (yes), n = 45 5 (11) 5 (20)  0 (0) 0.02 

Metastases     

Lymph node (yes), n = 42 4 (10) 4 (16)  0 (0) 0.09 

Visceral (yes), n = 41 3 (7) 3 (12)  0 (0) 0.15 

Biomarker expression (%)     

Ki67 center, n = 42 0.0 ± 10.0 2.5 ± 45.0 0.0 ± 6.0 0.21 

Ki67 invasion, 42 20.0 ± 47.5 12.5 ± 65.0 20.0 ± 22.5 0.95 

p53 center, n = 45 12.5 ± 47.5 30.0 ± 50.0 5.0 ± 20.0 0.08 

p53 invasion, n = 42 70.0 ± 65.0 75.0 ± 62.5 50.0 ± 65.0 0.69 

pSer392 p53 center, n = 41 0.0 ± 20.0 0.0 ± 30.0 0.0 ± 6.0 0.16 

pSer392p53 invasion, n = 44 27.5 ± 70.0 37.5 ± 80.0 10.0 ± 70.0 0.45 

pSer392p53: phosphorylated Serine 392 p53. * p-value for Chi2 or Wilcoxon’s test as appropriate. 

We then assessed Ki67, p53, and pSer392p53 expression using immunohistochemis-

try. We did not show any significant difference between the two groups (Table 1). Inter-

estingly, pSer392p53 staining was exclusively nuclear (Figure 2A), consistent with the nu-

clear export inhibition of this phosphorylated form of p53 [11].  
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Figure 2. (A) Expression of pSer392p53 using immunohistochemistry showing exclusively nuclear 

coherent with the nuclear export inhibition of the phosphorylated form of p53; (B) Co-immuno- 

fluorescence of pSer392p52 (red) with p53 (green, upper panel) and Ki67 (green, lower panel) show-

ing the co-localization p53 and pSer392p53 (upper panel), and also of pKi67 with pSer392p53 in the 

invasive front in some cells (arrows) but not all (star) (lower panel); IF: immunofluorescence, 

pSer392p53: Serine 392 phosphorylated p53. 

In addition, on laser-microdissected p53-expressing cancer cells (Figure 3), there was 

no difference between the two groups in terms of mutation prevalence, which was low: 

18% vs. 8%, respectively, in non-transplanted vs. transplanted patients (p = 0.8) (Table 2).  
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Figure 3. TP53 gene molecular analysis in p53expressing cells from skin SCCs in kidney-transplant 

recipients and non-transplanted patients. (a) In a skin SCC from a kidney-transplant recipient, p53-

expressing tumor cells are laser-microdissected for further molecular analysis. Scale bars = 50 µm. 

(b) TP53 exon 6A DNA PCR-HRM shows profiles of different samples of skin SCCs from kidney-

transplant recipients and non-transplanted patients. Shifted curves (red curves) suggest that TP53 

is mutated in these samples compared to wild-type controls (green curves). (c) Using the Sanger 

method, the sequencing of TP53 identifies a missense mutation (upper panel), a C to T first base 

substitution in codon 586 compared to the wild-type sequence (lower panel). 
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Table 2. PCR-HRM and Sanger sequencing profile comparison of kidney-transplant recipients and 

non-transplanted patients. 

 Kidney-Transplant Recipients  Non-Transplanted Patients 

Sample PCR-HRM Sanger Sequencing Sample PCR-HRM Sanger Sequencing 

1 Exon 5B p.V157F c.469 G > T 1 Exon 5B p.V157F c.469 G > T 

2 Exon 7B p.R248W c.742 C > T 2 Exon 6A p.R196 * c.586 C > T 

3 Exon 9B WT 3 Exon 6B p.E221V c.662 A > T 

4 Exon 7A WT 4 Exon 8A p.R282W c.844 C > T 

5 Exon 6A WT 5 Exon 5B WT 

6 Exon 4A WT 6 Exon 6B WT 

7 Exon 8A WT 7 Exon 6B WT 

8 Exon 6B WT 8 Exon 6B WT 

9 Exon 6A WT 9 Exon 7A WT 

10 Exon 6A WT 10 WT - 

11 Exon 5C WT 11 WT - 

12 Exon 9A WT 12 WT - 

13 WT - 13 Insufficient material 

14 WT - 14 Insufficient material 

15 WT - 15 Insufficient material 

16 WT - 16 Insufficient material 

17 WT - 17 WT - 

18 WT - 18 WT - 

19 WT - 19 WT - 

20 WT - 20 WT - 

21 WT - 21 WT - 

22 WT - 22 WT - 

23 WT -    

24 WT -     

25 WT -     

PCR-HRM: polymerase chain reaction-heat resolution melting; WT: wild type. 

When we ran a correlation matrix between quantitative clinical and biological data, 

a higher Ki67 proliferation index was associated with histological parameters of worse 

prognosis (Table 3).  

Table 3. Correlation matrix between quantitative variables. 

Variables  Age 
N° Carcino-

mas 
Thickness 

Clark’s 

Level 

Ki67 

Center 

Ki67 Inva-

sion 

P53 Cen-

ter 

P53 Inva-

sion 

pSer392p53 

Center 

pSer392p53 

Invasion 

Age  1.00          

N° carcinomas −0.47 ** 1.00         

Thickness  −0.31 0.26 1.00        

Clark’s level  −0.29 0.31 0.42 * 1.00       

Ki67 center −0.26 0.29 0.36 * 0.44 * 1.00      

Ki67 invasion −0.10 0.16 0.32 0.36 * 0.85 *** 1.00     

p53 center −0.07 0.28 0.03 0.17 0.30 0.27 1.00    

p53 invasion 0.06 0.19 −0.19 −0.001 0.02 0.14 0.69 *** 1.00   

pSer392p53 

center 
−0.23 0.34 0.23 0.25 0.39 * 0.42 * 0.74 *** 0.59 *** 1.00  

pSer392p53 

invasion 
−0.05 0.30 0.03 0.13 0.26 0.41 * 0.53 ** 0.83 *** 0.69 *** 1.00 

Bold: significant results with a threshold of >30%. * < 0.05, ** < 0.01, *** < 0.0001. 
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The expression of pSer392p53 was significantly correlated with p53 expression (cor-

relation coefficient 0.83 in the invasive front, p < 0.0001), as confirmed on tissue section 

using double immunofluorescence staining (Figure 2B, upper panel). Interestingly, Ki67 

was also significantly associated with pSer392p53 expression (correlation coefficient 0.41 

in the invasive front, p < 0.05), but not with p53 expression. This was particularly true in 

the invasive front using double immunofluorescence staining (Figure 2B, lower panel).  

Using principal component analysis based on clinical and biological markers (Box 1), 

we identified three clusters (Figure 4, Table 4).  

Box 1. Set of quantitative data used for principal component analysis. 

Age at diagnosis  

N° of carcinomas  

Thickness  

Clark’s level  

Ki 67 center and invasion  

p53 center and invasion  

p53 center and invasion  

Phosphorylated p53 center and invasion  

 

Figure 4. Dendrogram of the hierarchical cluster analysis showing the three clusters identified using 

principal component analysis. 

Table 4. Phenotype associated with the PCA’s classes. 

Variables 

N (%) 

or Median ± IQR p * 

PCA1 (n = 20) PCA2 (n = 21) PCA3 (n = 6) 

Age at diagnosis (y) 65.0 ± 15.5 75.0 ± 12.0 61.5 ± 6.0 0.009 

Gender (male) 13 (65) 12 (54.5) 5 (83) 0.49 

Transplantation     

Yes 10.0 (50) 9 (41) 6 (100) 0.03 

N° of transplants 0.5 ± 2.0 0.0 ± 1.0 2.0 ± 1.0 0.01 

Time since first transplant (y) 0.0 ± 14.5 0.0 ± 2.0 23.0 ± 8.0 0.007 

N° of carcinomas 3.0 ± 13.5 2.0 ± 6.0 24 ± 17.0 0.02 

Thickness (mm) 4.0 ± 9.5 3.1 ± 4.0 7.5 ± 9.5 0.15 

Clark’s level ≥ 4 (yes) 15 (75) 19 (86) 6 (100) 0.20 

Level of differentiation    

0.89 
Good 18 (90) 18 (86) 5 (83) 

Fair 1 (5) 2 (9.5) 1 (7) 

Poor 1 (5) 1 (4.5) 0 (0) 

Peri-neural invasion (yes) 4 (20) 0 (0) 1 (17) 0.07 
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Metastases     

Lymph node (yes) 2 (10) 0 (0) 2 (33) 0.05 

Visceral (yes) 2 (10) 1 (4.5) 0 (0) 0.59 

Biomarker expression (%)     

Ki67 center 0.0 ± 9.0 0.0 ± 5.0 70.0 ± 22.5 0.0001 

Ki67 invasion 20.0 ± 30.0 10.0 ± 27.0 75.0 ± 10.0 0.0004 

p53 center 0.0 ± 0.0 25.0 ± 40.0 60.0 ± 27.5 <0.0001 

p53 invasion 20.0 ± 26.0 90.0 ± 10.0 90.0 ± 7.5 0.04 

pSer392-p53 center 0.0 ± 0.0 5.0 ± 30.0 50.0 ± 22.5 <0.0001 

pSer392-p53 invasion 0.0 ± 9.0 70.0 ± 57.5 75.0 ± 17.5 <0.0001 

* p-value for chi2 or Kruskal–Wallis test as appropriate. Bold: significant p-value at the threshold of 

5%. 

In particular, the PCA3 group included exclusively transplanted patients with a me-

dian age of 61.5 years, at least 2 transplantations, and a median of 23 years of immuno-

suppression duration. They presented significantly more aggressive biological character-

istics, with a median number of 24 cSCCs, higher lymph node metastatic potential, and 

higher Ki67 expression, both in the tumor center and in the invasive front (Figure 5). For 

pSer392p53 expression, it was also significantly higher in this cluster of patients, and this 

was particularly marked in the tumor center (Table 4). 

 

Figure 5. Using immunohistochemistry, a higher Ki67 expression is observed in both the tumor 

center and the invasive front in the PCA3 cluster, compared to PAC1 and PCA2. 

Overall, in the PCA3 cluster, pP53 was expressed in the whole tumor and not only in 

the invasive front, suggesting an early event associated with the carcinogenesis of these 

forms of cSCCs in the context of prolonged immunosuppression.  

Phosphorylation is the most widely studied post-translational modification of p53, 

usually associated with its stabilization and accumulation [12]. Phosphorylation of the 

highly conserved Serine 392 stabilizes the tetramer [13] and inhibits its nuclear export, 

with enhanced DNA-binding affinity [11]. Furthermore, Serine 392 phosphorylation pro-

motes p53 mitochondrial translocation and transcription-independent apoptosis [8,14]. 

These functions of pSer392p53 make it a protective factor.  

Here, we identified a subgroup of kidney-transplant patients with prolonged immu-

nosuppression and highly aggressive squamous cell carcinomas expressing pSer392p53. 

In these patients, the high pSer392p53 expression, corresponding to a high level of p53 

activation, could reflect a high level of DNA damage and thus more aggressive disease.  
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This can be considered in line of preclinical mouse model with the p53.S389A muta-

tion that showed increased sensitivity to UV-induced damage due to compromised tran-

scriptional activation of p53 target genes and apoptosis. This Serine 392 mutation abol-

ishes p53 phosphorylation, limiting the DNA-binding capacity of p53 [10]. Therefore, in 

this remarkable clinical situation, high levels of pSer392p53 expression could be consid-

ered a marker of intense chronic stress. 

The limitations of our study are the small sample size and the fact that all participants 

were from one hospital, which limits the generalization of the results. Due to the limited 

number of patients and of several follow-up missing data, we could not perform a survival 

analysis.  

Recently, new therapies showed very promising results in locally advanced unresec-

table or metastatic cSCCs. Cetuximab, an anti-Epithelial Growth Factor Receptor (EGFR), 

achieves a 69% disease control rate [15], and pembrolizumab, an anti-PDL1, leads to a 42% 

response rate in chemotherapy-pretreated cSCCs [16–18]. More recently, cemiplimab, an 

anti-PD1, showed a 47% response rate as monotherapy in metastatic disease with a 17% 

complete response and a median duration of response of 41 months, which led to its ap-

proval by both the FDA and EMA [19–22]. For localized SCC, combining cetuximab and 

radiotherapy after surgery increased progression-free survival compared to each of the 

treatments as monotherapy [23,24]. In the neoadjuvant setting, cemiplimab was associated 

with very high pathological complete response rates, up to 70% [25,26], in particular in 

tumors with high PDL1 expression [25]. 

3. Materials and Methods 

3.1. Patients and Samples 

Between 2004 and 2015, skin SCCs were diagnosed in 25 kidney-transplant recipients 

at the same university hospital. A gender-matching selection recruited 22 non-trans-

planted patients diagnosed with sporadic SCC during this period, with no history of any 

other disease associated with durable immunosuppression. The SCC histological diagno-

ses were reviewed by two different pathologists (CG, AJ). The last SCC surgical tumor 

tissue sample for each patient was collected for diagnostic purposes and was formalin-

fixed and paraffin-embedded. According to the European consensus-based interdiscipli-

nary guideline, patients with in situ SCC were treated by surgical resection, cryosurgery, 

superficial skin ablation, or photodynamic therapy. Those with invasive SCC had a com-

prehensive radiological work-out, and then they were treated by surgical resection, if pos-

sible, and complementary radiotherapy when needed. Inoperable cSCCs were treated by 

radiotherapy combined or not with systemic therapy such as cetuximab [23]. For meta-

static disease, the combination of platinum salt with cetuximab was used as a standard of 

care despite low evidence [27–30], until the approval of immunotherapy by cemiplimab 

as it showed better progression-free and overall survival results [19,20,30,31]. The differ-

ent immunomodulatory treatments as well as follow-up data are detailed in Supplemen-

tary Table S1. This work was carried out in accordance with the Code of Ethics of the 

World Medical Association (Declaration of Helsinki). In compliance with French bioethics 

law (2004-800; 8 June 2004), all patients had been informed of the research use of the part 

of their samples remaining after diagnosis had been established, and none opposed it.  

3.2. Immunohistochemistry 

The detection of p53, phospho-serine392-p53 and Ki67-expressing tumor cells was 

carried out on 5 µm thick serial paraffin sections using automated indirect immunoperox-

idase staining (Benchmark XT; Roche, Tucson, Arizona, United States of America). Mouse 

anti-human p53 antibody (clone DO7, Dako, Glostrup, Denmark), rabbit anti-human 

phospho-serine392-p53 antibody (clone EP1889Y, Abcam, Cambridge, UK), and mouse 

anti-human Ki67 antibody (clone MIB-1, Dako, Glostrup, Denmark) were used as the pri-

mary antibodies for immunohistochemical staining. The systematic controls used were 
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the absence of a primary antibody and the use of an irrelevant primary antibody of the 

same isotype. 

All stained slides were assessed independently by three pathologists blinded to di-

agnosis and clinical data (CG, MB, AJ). p53, phospho-serine392-p53, and Ki67-positive tu-

mor cells were counted on five different fields at ×400 magnification and were representa-

tive of different tumor areas. A ProvisAX70 microscope (Olympus, Tokyo, Japan) with a 

wide-field eyepiece number of 26.5 was used, providing a field size of 0.344 mm2 at ×400 

magnification. For each field, 100 tumor cells were analyzed. The percentage of expressing 

cells was defined via a labeling index and determined independently for each marker by 

three pathologists (CG, MB, AJ). The results were expressed as means ±+/− standard errors 

of the means. The invasive front of the tumor was defined as the three layers of tumor cells 

at the front edge between the tumor and the host organ. 

3.3. Immunofluorescence 

An indirect fluorescence method was used on 5 µm thick serial tissue sections to de-

tect the expression of p53, phospho-serine392-p53, and Ki67. Rabbit anti-p53 (phos-

phoS392) (ab134190, 1:200, Abcam, Cambridge, UK), mouse anti-P53 (MA5-12557, 1/50, 

Thermo, Waltham, MA, USA), mouse anti-Ki67 (ab238019, 1/100, Abcam, UK) were used 

as primary antibodies, as were FITC goat anti-rabbit IgG (ab6717, 1/200, Abcam, UK) and 

Texas red sheep anti-Mouse IgG (ab6806, 1/200, Abcam, UK). The tissue sections were an-

alyzed on a motorized Z-axis microscope (BX-61-Olympus, Tokyo, Japan) using epi-fluo-

rescent light. Microscope images obtained through an UPlan-FI 100x/1.3NA objective 

were captured using Cell-F-software, version 5.1.2640.  

3.4. Laser-Microdissection 

For each SCC sample from kidney-transplant recipients and non-transplanted pa-

tients, serial 7 µm thick deparaffinized sections were first immunostained with an anti-

human p53 antibody. Using a PALM-Microbeam/Zeiss system, laser microdissection was 

performed on p53+ tumor cells with a pulsed UV-A nitrogen laser (337 nm) used to cut 

and catapult microdissected cells directly into the buffer-containing cap of a microfuge 

tube. At least 5000 invasive p53-expressing tumor cells were laser-microdissected for each 

sample for TP53 gene analysis. As controls, 5000 p53-negative cells were also laser-micro-

dissected for each sample. 

3.5. TP53 Gene Screening with High Resolution Melt (HRM)-Polymerase Chain Reaction (PCR) 

and Sequencing in p53-Expressing Tumor Cells 

DNA extraction was performed on laser-microdissected p53-expressing tumor cells 

using the DNeasy Qiagen Kit® (Qiagen S.A, Courtaboeuf, France). DNA quality was 

checked by spectrometric assay (NANODROP® ND-1000 spectrophotometer, Thermo Sci-

entific, Wilmington, North California, USA). PCR was carried out on the Bio-Rad CFX96 

Real-Time Detection System (Bio-Rad, Hercules, CA, USA) in a total volume of 20 µL con-

taining 5 µL of genomic DNA (20 ng), 15 µL of SsoFastTMEvagreen supermix 1X (Bio-

Rad, Hercules, CA, USA) and 0.4 µM of each forward and reverse primer. Each PCR run 

included a no-template control and a wild-type TP53 control. The PCR was performed 

with an initial denaturing step at 94 °C for 2 min, followed by 45 cycles of denaturing (95 

°C for 5 s) and annealing (60 °C for 10 s). After PCR, a post-amplification melting curve 

program was initiated by heating to 95 °C for 1 min, cooling to 50 °C for 1 min, and con-

tinuously increasing the temperature by 0.2 °C to finally reach 95 °C. Post-amplification 

fluorescent melting curves were analyzed with Precision Melt Analysis Software, version 

1.3 (Bio-Rad, Hercules, CA, USA). Sequencing of the shift fragment for exons 4 to 10 of 

TP53 determined by HRM-PCR screening was performed using the Sanger method. Pri-

mers were designed from the National Center for Biotechnology Information (NCBI) ref-

erence sequence X54156. Amplicons 80–150 bp in length covered the coding sequence and 
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exon-intron boundaries. All forward primers were tailed with the M13-Universal nucleo-

tidic sequence for sequencing standardization. 20 µL of the PCR product were purified 

using ExoSAP-IT product cleanup (USB Corporation, Cleveland, OH, USA). Labeling was 

performed using the BigDye® Terminator v1.1 Sequencing Kit (Applied Biosystems, Foster 

City, CA, USA) in both forward and reverse directions. The reaction was run according to 

the following protocol: An initial denaturing step at 94 °C for 3 min; 25 cycles at 94 °C for 

10 s; annealing temperature at 60 °C for 20 s; BDX-terminator purified products were run 

on a 16-capillary automated sequencer (ABI-PRISM®-3130xl-Genetic-Analyzer, Applied-

Biosystems, Foster-City, CA, USA). SeqScape-Software v2.5 (Applied-Biosystems, Foster-

City, CA, USA) enabled nucleotide changes to be determined. 

3.6. Statistical Analysis 

Quantitative data were described as medians with the interquartile range (IQR), and 

qualitative data was described as numbers and proportions (%).  

Patients who had a minimum of one transplantation were first compared to those 

with no transplantation, using chi2 or Wilcoxon’s test as appropriate.  

We then performed a correlation matrix on quantitative data using Spearman’s coef-

ficient as appropriate for data with a non-normal distribution. 

Because there was a strong correlation between the quantitative data and the hetero-

geneity of our cohort, we ran a hierarchical cluster analysis on principal component anal-

ysis (HCP/PCA) to identify homogeneous groups of patients [32]. Hierarchical cluster 

analysis based on principal component analysis (HCP/PCA) is based on a multivariate 

combination of a set of variables. Here, we included age, number of carcinomas, thickness, 

Clark’s level, and biomarker expressions. The selection process for the most informative 

dimensions of HCP/PCA was based on the eigenvalue. All dimensions with an eigenvalue 

≥ 1.0 were considered to select the optimal number of clusters. A scree plot was presented 

to account for the percentage of explained variance by each dimension and the cumulative 

explained variance of the dimensions assessed. A dendrogram was plotted to show the 

optimal number of clusters retained for our study. We performed a multiway comparison 

across PCA classes using the chi2 test or the Kruskal–Wallis test as appropriate, followed 

by a linear regression to assess the strength of association between PCA classes (in refer-

ence to class 1) and (i) an increase in the number of transplants and (ii) an increase in time 

since first transplant. 

All tests were two-sided, and the threshold for statistical significance was set at p < 

0.05. The data were analyzed using R statistical software (version 4.1.0, R Foundation for 

Statistical Computing, Vienna, Austria; http://www.r-project.org, accessed on 23 

november 2023). 

We could not perform statistical analysis of survival data because of the large amount 

of censured data, with 78% of patients being lost at follow-up at the time of analysis. 

4. Conclusions 

Typically, pSer392p53 expression could be used to identify poor-prognosis cSCCs, 

particularly in kidney-transplant recipients. In cases of high pSer392p53 expression, a 

treatment with cemiplimab could be discussed before surgery, even in the absence of other 

poor prognostic factors. Such a biomarker should be validated in future clinical trials us-

ing new medical therapies. Further series are required to confirm the value of pSer392p53 

expression to guide treatment. 

Supplementary Materials: The following supporting information can be downloaded at: 

https://www.mdpi.com/article/10.3390/ijms25021147/s1, Supplementary Table S1: Data follow-up 

and immunosuppression regimens of patients. 
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