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Abstract: Cutaneous squamous cell carcinoma (SCC) is the second most common form of malignant tumors in 
humans and the incidence rate is still increasing. Actinic keratosis (AK) is a pre-malignant neoplasm within the 
continuum of SCC. However, the actual etiology and carcinogenesis of an individual AK progressing to invasive 
SCC is still remains unclear. Xeroderma pigmentosum group C (XPC) is the first DNA repair protein to recognize 
DNA damage site during nucleotide excision repair process, but the evidence of XPC in carcinogenesis from AK to 
SCC is sparse. In this study, we investigated the protein expression of XPC by immunohistochemistry in 349 cases 
of SCC, AK, and normal epidermis. The intensity of nuclear XPC expression was significantly lower in SCC 
compared with adjacent normal epidermis, pre-cancerous AK, and normal epidermis. Decreased XPC expression 
was also associated with recurrent rate and high-risk SCC. We suggest that attenuated XPC protein expression might 
be a prognostic marker for tumor recurrence in SCC.  
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1. Introduction 

Cutaneous squamous cell carcinoma (SCC) is 
the second most common human cancer [1,2], and 
the incidence is around 22.65/100,000 to 
60.2/100,000 [3]. Ultraviolet (UV) irradiation, 
radiation, immunosuppressants, virus, scars, burns, 
toxins such as arsenic are the risk factors [4]. SCC is 
generally more aggressive, and potentially 
lifethreatening, than basal cell carcinoma [5]. A study 
from Australia estimated the fatality rate at 4%–5%, 
whereas U.S. studies suggest a 1% rate [6,7]. Actinic 
keratoses (AK) are pre-malignant neoplasm and are 
the most common neoplasms within the continuum of 
squamous cell carcinoma. An estimation of 
individual AK progressing to invasive SCC varies 
from as low as 0.025% to as high as 16% [1], but the 
actual risk of an individual AK progressing to 
invasive SCC still remains unclear. 

Xeroderma pigmentosa is an autosomal 
recessive photosensitivity syndrome and strong 
evidence of the role of DNA repair in cancer 
susceptibility is derived from studies of xeroderma 
pigmentosum patients who have an incidence of skin 
cancers approximately 1000 times that of the general 
population. Eight XP complementation groups (A~G, 
and a variant) have been distinguished 
(corresponding to mutations in distinct genes 
involved in nucleotide excision repair) [8]. 
Xeroderma pigmentosum group C (XPC) is the main 
damage-recognition protein responsible for 

nucleotide excision repair of UVB damage to DNA, 
and the high incidence of skin malignancies in XP-C 
patients suggests that loss of expression of XPC 
protein might also provide a selective advantage for 
initiation and progression of similar cancers in non 
XP-C patients in the general population [9]. There is 
a paucity of knowledge of XPC protein expression in 
carcinogenesis of AK progressed to SCC. This study 
is to investigate the role of XPC protein in SCC, AK, 
and normal epidermis. 
 
2. Methodology 
2.1 Sample collection 

Formalin-fixed paraffin embedded (FFPE) 
tissues cutaneous squamous cell carcinoma (SCC), 
pre-cancers: actinic keratosis (AK) and normal 
epidermis (NE) were obtained from department of 
dermatology and pathology, Chung Shan Medical 
University Hospital. Histological sections of all were 
reviewed and the diagnoses were confirmed by two 
pathologists. Clinical information was extracted from 
the medical records. All patient data were de-
identified. Normal epidermis specimens were 
obtained from the facial benign subcutaneous tumors: 
neurofibroma, epidermal cyst, lipoma, and we 
excluded those patients with malignancy. The study 
was approved by Chung Shan Medical University 
Hospital (IRB No: CS11077) institutional review 
board. A total of 349 tissue samples were used for 
this study: SCC (n=92), SCC paired-adjacent 
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epidermis (SCC-N)(n=92), AK (n=37), AK paired-
adjacent epidermis (AK-N)(n=37), and normal 
epidermis (n=91) were collected. Based on the 
clinical presentation and histological examination, 
the SCC group was divided into two groups (high 
risk and low risk). High risk SCC was defined as 
recurrent aggressive histological subtypes of SCC, 

such as a prior history of ≥ 3 non-melanoma skin 
lesions, tumor size > 2cm, perineural infiltration, 
metastasis, and tumor at periorbital area and lip area. 
2.2. Immunohistochemical Analysis 

Immunohistochemical studies were performed 
on 5-mm thick sections of formalin-fixed paraffin-
embedded tissue. Antigen retrieval was carried out 
with heat-induced epitope retrieval buffer. The slides 
were stained on a DAKO Autostainer using primary 
antibodies against XPC (LSAB Kit K675, Dako, 
USA). Positive XPC staining was noted by 
ascertaining nuclear expression and any cytoplasmic 
staining was considered background artifact. The 
immunohistochemical stains were reviewed and the 
staining was evaluated by intensity (SI) and 
percentage of positive cells (PC) using the following 
scale per previously established protocols.(Gonzalez 
LO 2010; Muller M 2010). Briefly, in terms of SI, the 
scales are 0 (no staining), 1+ (minimal staining), 2+ 
(moderate staining), and 3+ (strong staining) and in 
terms of PC, 0 (no staining), 1+ (less than 25% of 
cells), 2+ (26–50% of cells), and 3+ (more than 51% 
of cells). A total score (TS) was calculated by adding 
the SI and PC scores, and the mean of the TS was 
used for statistical analysis Proportion scoring was 
performed only if the intensity of tumor cells staining 
was more than that of the internal controls limiting 
errors in semiquantitation as a consequence of 
nonspecific background staining. 
2.3 Statistical analysis 

All experiments were performed in triplicate 
and presented as means ± SD. Statistical analyses 
were performed using oneway analysis of variance 
(ANOVA) followed by Tukey post hoc test (SPSS 
17.0 software) to determine significant differences 
among the groups. The difference was considered 
significant when p<0.05. 
 
3. Results 
3.1 Demographic data 

In this study, the mean age was 72.8, 75.2, 39.9 
for SCC, AK, and normal epidermis group, 
respectively. SCC samples were graded using 
Broders’ classifications [10,11]. For AK, a three-
tiered keratinocytic intraepithelial neoplasia (KIN) 
grading was used [12]. The clinicopathological 
characteristics are summarized in Table 1. 

Table 1 Clinic-pathological characteristics of 
squamous cell carcinoma, actinic keratosis and 

normal epidermis 
Diagnosis n Gender Age* Tumor grade 

SCC 
92 

47male; 
45female 

72.812.9 Broders’1:5 
Broders’2:47 
Broders’3:40 

AK 
37 

15male; 
22female 

75.210.3 KIN 1:13 
KIN 2:13 
KIN 3:11 

NE 
91 48male; 

43female 
39.914.2  

SCC: squamous cell carcinoma; AK: actinic keratosis; 
NE: normal epidermis; *meanSD 
 
3.2 Immunohistochemistry data 

In tumor cells, mean total score of XPC was as 
follows: SCC= 2.11 (SD, 1.3), SCC-N = 5.14 (SD, 
0.90), AK = 5.08 (SD, 0.76), AK-N= 5.86 (SD, 0.35), 
and NE = 5.60 (SD, 0.61). Statistically significant 
differences were observed between the following 
groups: SCC versus SCC-N (P < 0.0001) and SCC 
versus AK and NE (P< 0.0001 and P < 0.0001, 
respectively) (Fig. 1). There were no statistically 
significant differences between the other groups: 
SCC-N versus AK, AK-N, NE (P= 0.097, P=0.061, 
P=0.071, respectively); AK versus AK-N, NE (P= 
0.054, P=0.083, respectively); AK-N versus NE 
(p=0.587). 

 

 
Fig. 1 Nuclear expression of XPC in SCC, SCC 
paired-adjacent epidermis (SCC-N), AK, AK paired-
adjacent epidermis (AK-N), and normal epidermis 
(NE). *p<0.05. 

 
XPC protein was observed in almost all of 

normal epidermis specimens, and the expression of 
XPC was mostly located in the low third of epidermis, 
especially in the basal layers (Fig. 2E). 
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Fig. 2 Decreased XPC expression in cutaneous 
squamous cell carcinoma were detected by 
immunohistochemical studies. A, C, E = XPC 
expressions in SCC, AK, and normal epidermis, 
respectively. B, D, F = hematoxylin–eosin staining in 
SCC, AK, and normal epidermis, respectively. 

 
Table 2 Xeroderma pigmentosum group C (XPC) 

protein in cutaneous squamous cell carcinoma 

 
Positive 

(n) 
Negative 

(n) 
p-value 

Age    

＜65 16 5 0.775 

≧65 44 27  

Sex    
Male 13 34 0.282 
Female 19 26  
Location    
Sun exposure 21 40 0.928 
Non-sun-exposure 11 20  
Differentiation    
Poor 15 25 0.757 
Moderate 16 31  
Well 1 4  
Recurrence    
No 31 43 0.046 
Yes 1 17  
Metastasis    
No 32 58 0.391 
Yes 0 2  
Risk    
Low 26 21 0.033* 
High 11 34  
*Compared mean total score of XPC protein between 
high risk group vs. low risk group, p<0.05 

 

The correlation of XPC expression with 
clinicopathologic features was analyzed. Decreased 
expression of  XPC was significantly associated with 
recurrence (p=0.046) and high risk (p=0.033) in SCC 
(Table 2). However, XPC expression was not 
associated with age, gender, differentiation, and 
metastasis. 
 
4. Discussion 

DNA repair plays a fundamental role in the 
maintenance of genomic integrity. The ability to 
repair DNA is quite variable within human 
populations [13], and decreased DNA repair has been 
associated with increased risk of a variety of human 
neoplasms, including skin cancer [14]. Xeroderma 
pigmentosum group C (XPC) is a general sensor of 
damaged DNA and inactivating XPC mutations are 
associated with xeroderma pigmentosa and an 
extremely high risk of skin cancer [15,16]. Our study 
detected that the intensity of nuclear XPC expression 
was significantly lower in SCC compared with 
adjacent normal epidermis, pre-cancerous AK, and 
normal epidermis. Attenuated XPC expression was 
associated with recurrence and high-risk SCC. 
Similar results were reported by de Feraudy et al. that 
XPC inactivation is a frequent target in squamous 
cell carcinomas [9,17], and several hypotheses were 
proposed [9]. Our sample size is larger than de 
Feraudy et al. and we found that XPC is significantly 
lower in recurrent SCC and high risk SCC. We 
proposed that attenuated XPC protein might be a 
prognostic factor in SCC, and be worth further 
investigation. 
 
Acknowledgements 

This work was supported by the grant CSH-97-
A-05 from Chung Shan Medical University Hospital. 
 
Corresponding Author: 
Shiow-Jiuan Wey 
Department of Dermatology, Chung Shan Medical 
University Hospital, Taichung, Taiwan, ROC. 
No.110,Sec.1,JianguoN.Rd.,Taichung City 40201, 
Taichung, Taiwan, ROC. 
E-mail address: cutaneouscsmu@gmail.com 
 
References 
1. Ratushny V, Gober MD, Hick R, Ridky TW, 

Seykora JT. From keratinocyte to cancer: the 
pathogenesis and modeling of cutaneous 
squamous cell carcinoma. J Clin Invest. 
2012;122:464-72. 

2. Wu CH, Liang CH, Shiu LY, Chang LC, Lin TS, 
Lan CC, Tsai JC, Wong TW, Wei KJ, Lin TK, 
Chang NS, Sheu HM. Solanum incanum extract 
(SR-T100) induces human cutaneous squamous 



 Life Science Journal 2014;11(1)       http://www.lifesciencesite.com 

 

268 

cell carcinoma apoptosis through modulating 
tumor necrosis factor receptor signaling 
pathway. J Dermatol Sci. 2011;63:83-92. 

3. Lomas A, Leonardi-Bee J, Bath-Hextall F. A 
systematic review of worldwide incidence of 
nonmelanoma skin cancer.Br J Dermatol. 
2012;166:1069-80. 

4. Lee CH, Wu SB, Hong CH, Liao WT, Wu CY, 
Chen GS, Wei YH, Yu HS. Aberrant cell 
proliferation by enhanced mitochondrial 
biogenesis via mtTFA in arsenical skin 
cancers.Am J Pathol 2011; 178: 2066-76. 

5. Cranmer LD, Engelhardt C, Morgan SS. 
Treatment of unresectable and metastatic 
cutaneous squamous cell carcinoma. Oncologist. 
2010;15:1320-8. 

6. Joseph MG, Zulueta WP, Kennedy PJ. 
Squamous cell carcinoma of the skin of the 
trunk and limbs: The incidence of metastases 
and their outcome. Aust N Z J Surg. 
1992;62:697–701. 

7. Clayman GL, Lee JJ, Holsinger FC et al. 
Mortality risk from squamous cell skin cancer. J 
Clin Oncol. 2005;23:759 –765. 

8. Soufir N, Ribojad M, Magnaldo T, Thibaudeau 
O, Delestaing G, Daya-Grosjean L, Rivet J, 
Sarasin A, Basset-Seguin N. Germline and 
somatic mutations of the INK4a-ARF gene in a 
xeroderma pigmentosum group C patient. J 
Invest Dermatol. 2002;119:1355-60. 

9. de Feraudy S, Ridd K, Richards LM, Kwok PY, 
Revet I, Oh D, Feeney L, Cleaver JE. The DNA 
damage-binding protein XPC is a frequent target 
for inactivation in squamous cell carcinomas. 
Am J Pathol. 2010;177:555-62. 

10. Broders AC. Squamous-cell epithelioma of the 
skin: a study of 256 cases. Ann Surg. 1921; 73: 
141-60. 

11. Poswar FO, Fraga CA, Farias LC, Feltenberger 
JD, Cruz VP, Santos SH, Silveira CM, de Paula 
AM, Guimarães AL. Immunohistochemical 
analysis of TIMP-3 and MMP-9 in actinic 
keratosis, squamous cell carcinoma of the skin, 
and basal cell carcinoma. Pathol Res Pract. 
2013;209:705-9. 

12. Ramos-Ceballos FI, Ounpraseuth ST, Horn TD. 
Diagnostic concordance among 
dermatopathologists using a three-tiered 
keratinocytic intraepithelial neoplasia grading 
scheme. J Cutan Pathol. 2008; 35: 386-91. 

13. Mohrenweiser,H.W., Wilson,D.M.III and Jones, 
I.M. Challenges and complexities in estimating 
both the functional impact and the disease risk 
associated with the extensive genetic variation 
in human DNA repair genes. Mutat. Res. 
2003;526: 93–125. 

14. Berwick,M. and Vineis,P. Markers of DNA 
repair and susceptibility to cancer in humans: an 
epidemiologic review. J. Natl Cancer Ins. 
2000;92: 874–897. 

15. Shell SM, Hawkins EK, Tsai MS, Hlaing AS, 
Rizzo CJ, Chazin WJ. Xeroderma pigmentosum 
complementation group C protein (XPC) serves 
as a general sensor of damaged DNA. DNA 
Repair (Amst). 2013;12:947-53. 

16. Nelson HH, Christensen B, Karagas MR. The 
XPC poly-AT polymorphism in non-melanoma 
skin cancer. Cancer Lett. 2005;222:205-9. 

17. de Feraudy S, Boubakour-Azzouz I, Fraitag S, 
Berneburg M, Chan L, Chew K, Clericuzio CL, 
Cunningham B, Tope WD, Cleaver JE. 
Diagnosing xeroderma pigmentosum group C 
by immunohistochemistry. Am J Dermatopathol. 
2010;32:109-17.  

 

 
 
1/12/2014 


