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Abstract. Non-melanoma skin cancer (NMSC) is classified 
among the ten most frequent cancers in Malaysia. A common 
polymorphism at codon 72 of the p53 tumor suppressor gene 
and its influence on cancer risk has been studied for different 
types of cancer with mixed and inconsistent results with 
limited published data on the Malaysian population so far. 
In the present study, the frequency of p53 codon 72 poly-
morphism in 60 patients with NMSC was investigated from 
archival formalin-fixed paraffin-embedded (FFPE) tissue 
obtained from Hospital Universiti Kebangsaan Malaysia 
(HUKM). Additionally, random amplified polymorhic DNA 
-polymorphic chain reaction (RAPD-PCR) was employed for 
preliminary biomarker development. NMSC FFPE samples 
(70%) possess Arg/Arg, 20% with Pro/Pro and 10% with Arg/
Pro. In total, there was no significant difference in the p53 
codon 72 genotypes between histological types of NMSC, 
gender, race, tumor location and age group. However, there 
was an apparent age-associated increase in the Arg/Arg 
genotype but did not reach statistical significance (P=0.235). 
NMSC types and demographic characteristics did not influ-
ence genotype distribution. On the other hand, BCC and SCC 
distributions are influenced by age group, race and tumor 
location.

Introduction

Non-melanoma skin cancer (NMSC) is the most common 
type of cancer among different populations worldwide. 

Consisting of two histological types i.e. basal cell carci-
noma (BCC) and squamous cell carcinoma (SCC), the BCC 
accounts for 80% and SCC for the rest (1). Regardless of its 
low clinical aggressiveness, due to its frequency and cost of 
treatment, it is a heavy public health burden (2). In Malaysia, 
official statistics rank NMSC among the ten most common 
types of cancer in adults (3). Exposure to sun is considered 
the main causative agent for NMSC (4). However, it cannot 
account for all of NMSC etiology since other physical and 
chemical agents, such as ionizing radiation, arsenic and 
coal tar products, as well as suppression of immune system 
in transplant patients, are verified causes of NMSC (5). 
Furthermore, genetic polymorphism is proposed to modify 
the risk of the disease (6).

The p53 tumor suppressor protein plays an essential part in 
maintaining cellular integrity and tissue homeostasis through 
its ability to orchestrate the transcriptional activation of other 
genes (7). A critical region of p53 for signaling apoptosis lies 
between codons 64 and 92, encoding a proline-rich region 
of the gene homologous to an SH3 binding domain (8-10) in 
which there is a common polymorphism resulting in either 
an arginine (CGC) or a proline (CCC) at codon 72 of exon 4. 
This is a non-conservative amino acid change and results in a 
structural change in the protein as the p53Pro variant migrates 
more slowly than the p53Arg variant in sodium dodecyl sulfate-
polyacrylamide gel electrophoresis (11). The two alleles of p53 
differ biologically. p53Arg induces 5-10 times more apoptosis 
than p53Pro, which is explained in part by a higher ability of 
p53Arg to localize to the mitochondria (12).

Lung cancer patients with the Pro/Pro genotype, espe-
cially those who were smokers, were more likely to develop 
lung cancer than those with other genotypes (13,14). On the 
contrary, non-smokers with lung cancer have an increased 
frequency of the homozygous Arg genotype (15).

Increased frequency of the Pro allele (Pro/Pro or Arg/Pro 
genotypes) was also found in patients with breast cancer (16). 
Controversial finding is reported on the association between 
the polymorphism and cervical cancer (17), but in vitro study 
suggested that the Arg form of p53 was more susceptible to 
the E6 oncoprotein (derived from tumor-associated human 
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papillomaviruses)-mediated degradation than was the Pro 
form (18).

McGregor et al (19) found that in high-risk immunosup-
pressed groups, p53Arg was associated with the development 
of both basal and squamous cell carcinomas, but this relation-
ship was not demonstrable in immunocompetent patients with 
NMSC.

The influence of p53 codon 72 polymorphism on cancer 
risk has been studied for different types of cancer with mixed, 
controversial and inconsistent results. There are few studies 
with small sample sizes and most of the studies have found 
no association between p53 genotype at codon 72 and NMSC. 
Different population showed different distribution of the 
genotypes thus leading to different association with cancer 
susceptibility. Essentially, the genetic background of Malaysian 
population is distinct from the population being studied. 
Therefore, we cannot conclude the association between this 
polymorphism with NMSC from studies conducted in other 
populations.

With the establishment of the data on the relationship 
between p53 codon 72 polymorphism and NMSC, further 
association studies of other cutaneous disease involving this 
polymorphism can be done. Therefore, further genotyping of 
Malaysian with NMSC can actually predict the risk of getting 
NMSC or other related cutaneous disease.

On the other hand, various studies have applied RAPD-PCR 
for the analysis of genetic alterations in human tumors and 
revealed frequent occurrence of genetic polymorphisms in 
various types of tumors, for instance, lung cancer (20), squa-
mous cell carcinoma of the head and neck (21), brain tumor 
(22), ovarian cancer (23), breast cancer (24,25), hepatocellular 
carcinoma (26,27), lymphoma (28) and in leukemia (29).

Materials and methods

Study subjects. Formalin-fixed, paraffin-embedded skin 
tissue samples were obtained with ethical permission from 
the archival tissue banks in the Departments of Pathology at 
Hospital University Kebangsaan Malaysia (HUKM), Malaysia 
from January 2003 to December 2006. A total of 89 speci-
mens diagnosed with NMSC. This study was approved by 
the research ethics committees of Faculty of Medicine and 
Health Sciences, University Putra Malaysia with the reference 
number [UPM/FPSK/PADS/T7MJKEtikaPer/f01(JSB_FEB 
(08) 47] and approved permission from the head of Pathology 
Department, Hospital University Kebangsaan Malaysia dated 
3rd October 2007.

Histological processing of FFPE tissue. All the FFPE tissue 
were sectioned using a microtome to obtain sections of 5 µm 
in thickness, placed on 40 mm frosted-end glass slides in the 
Histopathology Laboratory, Faculty of Medicine and Health 
Sciences, University Putra Malaysia. H&E staining was 
performed on these sections and subsequently were subjected 
to confirmation by pathologist.

Genomic DNA extraction. The genomic DNA from FFPE 
tissue was extracted according to protocols reported by 
Greer et al (30) with several modifications. A reagent used on 
the tissue sections in this study includes; 10% bleach solution 

(freshly diluted), xylene, 100% ethanol, acetone, proteinase K 
(20 mg/ml stock solution), phenol, chloroform and digestion 
buffer: 50 mM Tris-HC1 (pH 8.5); 1 mM EDTA; and 0.5% 
Tween-20. Briefly, replicate sections (10-20 µm) are cut from 
each block, and a single section placed in a sterile, 1.5-ml 
microcentrifuge tube. Sections of the tumor were then treated 
with xylene, ethanol, proteinase K, phenol and chloroform.

Genotyping of p53 codon 72. p53 codon 72 polymorphism 
detection was carried out by an allele specific PCR described 
by Pezeshki et al (31) with slight modification on a Palm Cycler 
(Corbett Research, Australia). To detect the p53 codon 72 poly-
morphism, two primer sets in separate tubes were used, one to 
amplify the Arg allele and the other to amplify the Pro allele 
as follows: Arg forward, TCC CCC TTg CCg TCC CAA, Arg 
reverse, CTg gTg Cag ggg CCA CgC; Pro forward, gCC AgA 
ggC TgC TCC CCC, Pro reverse, CgT gCA AgT CAC AgA 
CTT. Each set of primers with concentration of 10 pmol were 
used in a different tube in a total volume of 20 µl containing 
2 µl DNA template, 2 µl of 10 mM dNTPs (2.5 mM each), 0.2 µl 
(5 U/µl) i-Taq™ Plus DNA Polymerase, 2 µl 10x i-Taq™ Plus 
PCR buffer [350 mM Tris-HCl (pH 9.0), 250 mM KCl, 35 mM 
MgCl2 and enhancer solution] and 11.8-µl ultrapure sterile 
distilled water. Reagents for PCR master mix were purchased 
from iNtRON Biotechnology, Korea. The amplification was 
performed for 35 cycles under a touchdown program; by dena-
turation at 94˚C for 30 sec, annealing at 68-62˚C for 10 cycles 
and 62-58˚C for 25 cycles, and extension at 72˚C for 30 min 
in each cycle using personal Palm Cycler (Corbett Research). 
The amplicons were resolved by electrophoresis in 2.5% 
agarose (Promega,  USA) with 50 V for 45 min in 1X TBE 
buffer. The gel was then stained with ethidium bromide and 
visualized using Alpha Imager System (Alpha Innotech, USA) 
with 100 bp DNA ladder (New England Biolabs, USA) as the 
standard DNA molecular weight marker. The PCR product of 
the Arg allele yielded 141 bp, while Pro allele yielded 177 bp. 
Selected products were subjected for sequencing. The nega-
tive control was included i.e. complete PCR reaction mixture 
without template DNA, to exclude the possibility of cross-
contamination during sample preparation. The genotypes of 
<10% samples were reassessed to confirm the results.

Random amplified polymorphic DNA-PCR. Three arbitrary 
primers of 10 mers length were selected after primer screening 
which were the OPO-09, OPO-12 and OPO-20 (Operon, 
Germany). Selection was based upon which primers gave the 
best banding profiles. The RAPD was performed in a 20 µl 
volume containing 2 µl 10X i-Taq™ Plus PCR buffer [350 mM 
Tris-HCl (pH 9.0), 250 mM KCl, 35 mM MgCl2 and enhancer 
solution], 1.0 µl of primer (OPO-09, OPO-12 and OPO-20), 
2.0 µl of 10 mM dNTPs (2.5 mM each), 0.2 µl (5 U/µl) i-Taq™ 
Plus DNA Polymerase, 13.8 µl ultrapure sterile distilled water 
and 1 µl of 46 ng DNA template. Reagents for PCR master 
mix were also purchased from iNtRON Biotechnology, 
Korea. Amplification was performed in a Thermal Cycler 
(Eppendorf, Germany) with a temperature program consisting 
of initial denaturation at 94˚C for 3 min followed by 30 cycles 
of denaturation at 94˚C for 1 min, annealing at 36˚C for 
1 min and polymerization at 72˚C for 2 min. Final elongation 
was performed at 72˚C for 7 min. The amplicons were then 
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resolved in 1.8% agarose (Promega, USA) Gel Electrophoresis 
with 100 V for ~2 h in 1X TBE buffer. The gel was then stained 
with ethidium bromide and visualized using Alpha Imager 
System (Alpha Innotech, USA). The 1-kb DNA ladder (New 
England Biolabs) was used as the standard DNA molecular 
weight marker. Generated banding profiles were subjected to 
RAPDistance software to generate dendrogram for clustering 
analysis with Jaccard and Dice coefficient.

Statistical analysis. Association between p53 codon 72 
genotypes and NMSC was assessed by the χ2 test and Fisher's 
exact test (when the expected number in any cell was <5). The 
basic significance level was fixed at P<0.05. P-value <0.05 was 
considered as significantly different. The statistical analysis 
was performed using the statistical package SPSS 14.0 for 
Windows software. In addition, associations between the char-
acteristics of the subjects were also assessed using the same 
statistical tests and software.

Results

Histology of NMSC. Fig. 1 shows a representative histological 
picture of tumor tissue from formalin-fixed paraffin-embedded 
skin tissue sections.

Genomic DNA extraction from FFPET. The purity and concen-
tration of DNA are shown in Table I. This modified extraction 
methods produced good yields of DNA (above 10 ng/µl), which 
were adequate for the PCR reactions. Purity of the extracted 
DNA range from 1.3-1.92. From touchdown PCR, 60 (67.4%) 
of the extracted DNA were amplifiable whereas in RAPD PCR, 

68 (76.4%) of the DNA were successfully amplified with either 
one of the three primers used. Taken as a whole, 85 (95.5%) of 
the DNA extracted were successfully amplified with either one 
of the PCR used in this study.

Touchdown PCR for polymorphism detection. Amplification 
with primer specific for Arg allele yielded banding size of 
141 bp, whereas the product of the Pro allele gave 177 bp, as 
demonstrated in Fig. 2. Sixty out of 89 of the DNA extracted 
were successfully amplified using touchdown PCR. NMSC 
FFPE (70%) possessed Arg/Arg, 20% with Pro/Pro and 10% 
with Arg/Pro. Twenty-four (72.7%) of BCC possessed Arg/Arg 
genotype, 7 (21.2%) were Pro/Pro and 2 (6.1%) were Arg/

Figure 1. Representative histological pictures of NMSC of skin. Red arrows indicate tumor cells and area that were magnified. (A) Basaloid nests within dermis 
(magnification, x4). (B) Palisading of peripheral cells and separation from adjacent stroma by thin cleft (magnification, x4). (C) Atypia throughout epidermis 
with extension into dermis and presence of keratin pearl (magnification, x10). (D) Intercellular bridges ( magnification, x40).

Table I. Purity and concentration range of extracted DNA.

 n %

Purity (260/280)
 1.7-2.0 60 67.4
 1.5-1.69 22 24.7
 <1.5 7 7.9
Concentration (ng/µl)
 10-30 45 50.5
 31-50 27 30.3
 51-99 10 11.2
 100-200 5 5.6
 >200 2 2.2
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Pro. While for SCC, 18 (66.7%) were Arg/Arg, 5 (18.5%) were 
Pro/Pro and 4 (14.8%) were Arg/Pro. Arg/Arg genotype was 
the most frequent genotype in both types with an apparent 
increase in frequency of Arg/Pro genotype in SCC compared 
to BCC (14.8 vs. 6.1%). Sixteen (84.2%) of female patients 
were Arg/Arg, 2 (10.5%) were Arg/Pro and 1 (5.3%) were Pro/
Pro. Whereas for male, 26 (65%) were Arg/Arg, 10 (25%) were 
Pro/Pro and 4 (10%) were Arg/Pro. There was a decrease in 
the frequency of Arg/Arg in male compared with female (65 
and 84.2%, respectively), but it still remains the most frequent 
genotype in both gender. There was also an increase in Pro/Pro 
in male as compared with female; 25 and 5.3%, respectively. 
As for Chinese subjects, there were 26 (72.2%) with Arg/Arg, 
7 (19.4%) were Pro/Pro and 3 (8.33%) were Arg/Pro. On the 
other hand, 11 (61.1%) from Malay subjects were Arg/Arg, 5 
(27.8%) were Pro/Pro and 2 (11.1%) were Arg/Pro. Among 
Indian subjects, 4 (80%) were Arg/Arg, 1 (20%) was Arg/Pro. 
None from the Indian subjects was Pro/Pro but this can be 
due to low sample size for this particular category. There was 
also a case where the subject was not from the three races 
mentioned above possessed Arg/Arg. It is obvious that regard-
less of race, Arg/Arg was the most frequent genotype found in 
this selected Malaysian NMSC patients. Twenty-nine (67.4%) 
of the tumors located on face or head area were Arg/Arg, 10 
(23.3%) were Pro/Pro and 4 (9.3%) were Arg/Pro. Whereas for 
tumor located on area other than face and head, 7 (70%) were 
Arg/Arg, 2 (20%) were Arg/Pro and 1 (10%) was Pro/Pro. Pro/
Pro seemed to be more frequent in cases where the tumor was 
located in face or head area. In addition, face or head area was 
considered to be directly exposed to sun whereas other part of 
the body was assumed to be indirectly exposed. Based on this 
assumption, Pro/Pro became the most frequent genotype seen 
in individuals whose tumor lesion was directly exposed to 
sun. But still, Arg/Arg was the most frequent genotype found 
in both locations. In cases in which the tumor locations were 
not determined, 6 (85.7%) were Arg/Arg and 1 (14.3%) was 
Pro/Pro. No subjects possessed Arg/Pro in this undetermined 
group. Additionally, the genotype frequency in subjects age 
<40-years were 3 (42.9%) for both the homozygotes (Arg/Arg 
and Pro/Pro) and 1 (14.3%) Arg/Pro. For the 40 to 60-year-

old group, 11 (68.8%) were Arg/Arg, 3 (18.8%) were Pro/Pro 
and 2 (12.5%) were Arg/Pro. Twenty-one (80.8%) were Arg/
Arg, 4 (15.4%) were Pro/Pro and 1 (3.8%) were Arg/Pro in 
>60-year old age group. Whereas in cases where the age was 
not determined, 7 (63.6%) were Arg/Arg and 2 (18.2%) for 
both Arg/Pro and Pro/Pro. There was an apparent increase in 
frequency of Arg/Pro genotype with increasing age; 42.9, 68.8 
and 80.8% in <40, 40-60 and >60-year-old age group, respec-
tively. But on the contrary, frequency of Pro/Pro decreased 
with increasing age; 42.9, 18.8 and 15.4%. Frequency of Arg/
Pro was also decreased with increasing age with the frequen-
cies of 14.3, 12.5 and 3.8%. Purified PCR amplicons were 
further purified using the GENEALL™ GEL SV kit (General 
Biosystem, Korea) according to the manufacturer's protocol 
and sent to direct sequencing (1st Base, Malaysia). Sequences 
obtained were further analyzed using Basic Local Alignment 
Search Tools (BLAST) program from National Center for 
Biotechnology Information (NCBI) website.

Genotype frequencies of p53 codon 72 polymorphism and 
its association with NMSC. In total, there was no significant 
difference in the p53 codon 72 genotype frequencies between 
BCC and SCC when data were tested with Fisher's exact test 
using SPSS 14.0 (P=0.05). P-value of >0.05 is considered as 
not significant. There were no significant associations between 
p53 codon 72 genotypes with gender, race, location of tumor 
and age group. There was an apparent increase in frequency 
of Arg/Pro genotype in SCC compared to BCC but it was not 
statistically significant (14.8 vs. 6.1%, P=0.648). The genotype 
distribution was different in female and male, but did not 
differ significantly (Fisher's exact test, P=0.219). Although 
Pro/Pro seemed to be more frequent in cases where the tumor 
was located on the face or head area (directly exposed to 
sun), it failed to reach statistical significance (Fisher's exact 
test, P=0.490) level. The age-associated increase in Arg/Arg 
genotype distribution was evident but it did not reach statis-
tical significance (Fisher's exact test, P=0.235). This may be 
attributable to the limited patient number in each subgroup 
(Table II). The genotype distribution was similar in Chinese, 
Indian and Malays according to the statistical test (Fisher's 
exact test, P=0.711) but it can be due to insufficient sample 
size for Indian subjects. The statistical analysis summary is 
demonstrated in Table II.

Association between demographic characteristics of subjects 
and histology of NMSC. Since there were no significant asso-
ciations between p53 codon 72 genotypes with the gender, 
race, location of tumor and age group, additional statistical 
analysis was performed to evaluate whether there are signifi-
cant associations among the demographic characteristics of 
the subjects. Subjects with incomplete data were excluded thus 
some number may not add up to total of 89. χ2 test as well as 
Fisher's exact test were used, with statistical significance was 
regarded at P-value <0.05. There was no significant associa-
tion in gender frequencies in regard of age groups, race, type 
of NMSC and tumor location. Eight (88.9%) out of 9 subjects 
in <40-year-old group were male and only one (11.1%) was 
female. For 40-60-year-old group, 11 (57.9%) were female 
and 8 (42.1%) were male while in >60-year-old group, 25 
(58.1%) were male and 18 (41.9%) were female. In <40 as well 

Figure 2. Representative gel picture obtained using touchdown PCR. M is 
the 100-bp molecular weight marker. Lanes 1 and 2 are from a sample that 
demonstrate arginine homozygous, lanes 3 and 4 are from a sample that 
demonstrate proline homozygous and lanes 5 and 6 are from a sample that 
demonstrate heterozygous genotype. Lanes 7 and 8 are the positive control 
for arginine and proline, respectively. Lanes 9 and 10 are the negative control 
for arginine and proline, respectively.
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as >60-year-old age group, males outnumbered females (88.9 
vs. 11.1% and 58.1 vs. 41.9%, respectively) but for group of 
40-60 year old, females were more frequent (57.9 vs. 42.1%). 
However, it failed to be statistically significant (Fisher's exact 
test, P=0.065). In Chinese subjects, 33 (66%) were males 
and 17 (34%) were females while for Indian, 5 (71.4%) were 
females and 2 (26.6%) were male. There were 16 (57.1%) males 
and 12 (42.9%) females in Malay subjects. In two cases from 
other races, both were females. Males were predominant in 
Chinese and Malay subjects (66 vs. 34% in Chinese and 57.1 
vs. 42.9% in Malay, respectively). It is the opposite for Indian 
and other races, where females were more frequent (71.4 vs. 
26.6% in Indian and 100% females in other races, respectively) 
but not significantly different (Fisher's exact test, P=0.086). 
Twenty-nine (58%) were males and 21 (42%) were females 
in BCC subjects whereas there were 22 (59.5%) males and 
15 (40.5%) females among SCC subjects. Males were more 
frequent in BCC as compared to female (58 vs. 42%) and it was 
also the same for SCC (59.5 males and 40.5% females) but did 
not reach statistical significance (χ2 test, P=0.891). According 
to the location of tumor, 35 (56.5%) males were categorized 
into face or head group whereas females were 27 (42%). On 
the other hand, 9 (64.3%) males and 5 (35.7%) females were 
categorized into other locations group. Once again, males 
predominated each group location but this finding was not 
statistically significant (χ2 test, P=0.592). In analysis of age 
group frequencies for each race, for Chinese 29 (69%) were 
above 60 years old, 8 (19%) were between 40-60 years old and 

5 (11.9%) were below 40 years old. In Indian, 5 (83.3%) aged 
between 40-60, one subject (16.7%) was over 60 years old and 
none below 40 years old. Furthermore, in Malay subjects, 6 
(28.6%) were in 40-60-year-old group while 4 (19%) were in 
<40-year-old group. Two cases were from other race and both of 
them were from >60-year-old group. Group >60-year-old was 
more common in Chinese and Malay (69 and 52.4%) whereas 
group 40-60-year old was the most frequent in Indian (83.3%) 
but not statistically significant (Fisher's exact test, P=0.055). 
In BCC subjects, >60-year-old group was predominant while 
for SCC, the prevalence of >60 and 40-60-year-old group was 
the same. There was a significant difference between the age 
group frequencies in each type of NMSC (Fisher's exact test, 
P=0.010). Total of subjects aged >60 years old was signifi-
cantly higher in BCC compared with SCC (75.6 vs. 40%). For 
subjects aged between 40-60 years old, SCC subjects were 
significantly higher than BCC subjects (40 vs. 17.1%). Whereas 
in subjects aged <40 year old, SCC subjects also outnumbered 
the BCC subjects (20 vs. 7.3%). Further analysis revealed 
that BCC was more common in individual aged >60 year old 
while in SCC, individual aged <60 contributed to more than 
half of the cases. In subjects aged <40 years old, 6 (66.6%) 
were SCC patients and 3 (33.3%) were BCC patients and in 
40-60-year-old group, SCC patients contributed 12 cases 
(63.2%) while BCC gave rise to 7 cases (36.8%). Thirty-one 
(72.1%) from the subjects aged >60 year old were represented 
with BCC while 12 (27.9%) were SCC. All these finding were 
statistically significant (Fisher's exact test, P=0.010). When the 

Table II. Demographic characteristics, histological types of NMSC and p53 codon 72 polymorphism genotypes.

 p53 codon 72 polymorphism
 ----------------------------------------------------------------------------------------------------------------------
  Arg/Arg (n=42) Arg/Pro (n=6) Pro/Pro (n=12)
Total n (%) n (%) n (%) P-value

Histological types
 BCC 24 (72.72) 2 (6.1) 7 (21.2) Fisher's exact test, 0.648
 SCC 18 (66.7) 4 (14.8) 5 (18.5)
Age group (years)
 <40 3 (42.9) 1 (14.3) 3 (42.9) Fisher's exact test, 0.235
 40-60 11 (68.8) 2 (12.5) 3 (18.8)
 >60 21 (80.8) 1 (3.8) 4 (5.4)
Gender
 Female 16 (84.2) 2 (10.5) 1 (5.3) Fisher's exact test, 0.219 
 Male 26 (65) 4 (10) 10 (25)
Race
 Chinese 26 (72.2) 3 (8.3) 7 (19.4) Fisher's exact test, 0.711
 Indian 4 (80) 1 (20) 0 (0)
 Malay 11 (61) 2 (11.1) 5 (27.8)
 Others 1 (100) 0 (0) 0 (0)
Location of tumor
 Face/head 29 (67.4) 4 (9.3) 10 (23.3) Fisher's exact test, 0.490 
 Others 7 (70) 2 (20) 1 (10)

BCC, basal cell carcinoma; SCC, squamous cell carcinoma. Some numbers may not add up to the total due to lack of information.
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age group frequencies were compared with tumor location, 
>60-year-old age group predominated in both groups of loca-
tions. However, no significant relationship was found (Fisher's 
exact test, P=0.786). Twenty-nine (58%) of NMSC patients 
whose tumor located on the face or head area were aged >60 
years old, followed by 15 (30%) from 40-60-year-old group 
and 6 were from <40 year-old-group (12%). For tumor located 
at other sites than face and head, 6 (60%) aged >60 years old 
and 2 (20%) for each 40-60-and <40-year-old group. Analysis 
of race frequencies in each type of NMSC obtained was 
statistically significant (Fisher's exact test, P=0.006). In BCC 
subjects, 33 (66%) were Chinese, followed by 16 (32%) Malay, 
1 (2%) other race and none from Indian. On the other hand, 
in SCC subjects 18 (47.4%) were Chinese, 12 (31.6%) were 
Malay, 7 (18.4%) were Indian and 1 (2.6%) from another race. 
Distribution of races in each type of NMSC were significantly 
different. Further analysis revealed that in Chinese subjects, 
33 (64.7%) developed BCC whereas 18 (35.3%) were diag-
nosed with SCC. All of Indian subjects were SCC patients and 
no case represented BCC. Among Malay subjects, 16 (57.1%) 
were BCC patients and 12 (42.9%) were SCC patients. The 
distribution in each type NMSC were 50% in subjects form 
other races. This indicating a statistically significant difference 
in the frequency of BCC and SCC in each race (Fisher's exact 
test, P=0.006). Chinese subjects (65.1%) developed NMSC on 
the face or head area, followed by 15 (23.8%) Malay, 6 (9.5%) 
Indian and 1 (1.6%) from other races. While for tumor located 
at other sites, 7 (50%) were Malay 5 (35.7%) were Chinese, 
1 (7.1%) were Indian and 1 (7.1%) was another race. Chinese 
subjects outnumbered other races in face or head group (65.1%) 
whereas Malay were more likely to develop NMSC in other 
location (50%). However, there was no significant relationship 
between race frequencies and locations of the tumor (Fisher's 
exact test, P=0.092). For tumor located on the face or head, 42 
(65.6%) were BCC subjects and 22 (34.4%) were SCC subjects. 
While for the other group, 14 (100%) were derived from SCC 
patients and none from BCC. Statistical analysis revealed that 

there was significant association between type of NMSC and 
tumor location. Further analysis found that in 42 (100%) BCC 
cases, the tumor was located on the face or head. On the other 
hand in SCC cases, 22 (61.1%) of the tumors were located on 
the face or head and 14 (38.9%) were located at other sites. 
These finding were statistically significant (χ2 test, P=0.000). 
Summary of the statistical analysis is shown in Table III, with 
only significant findings presented.

RAPD-PCR. Genome regions amplified by OPO-09, OPO-12 
and OPO-20 primers differed from each other and the results 
revealed that 66 (74.2%) samples were successfully amplified 
using OPO-20 primer and 57 (64%) samples by using OPO-12 
primer. OPO-09 primer gave the least amplification, only 19 
(21.3%) samples produced DNA fragments upon gel electro-
phoresis. Several DNA segments amplified in each sample, with 
some segments were amplified from one individual but not the 
other. For example, a 500-1000 bp DNA segment was ampli-
fied by primer OPO-09 from a sample (lane number 6) but not 
from the others (Fig. 3A). Twenty-one (23.6%) samples gave no 
amplification with any of the primers. For OPO-09 (Fig. 3A), 
no consistent band was seen on the agarose gel. Perhaps, this 
primer is not suitable for these samples. As for the OPO-12 
(Fig. 3B), more bands were obtained but the patterns were 
not obvious. On the other hand, amplification with OPO-20 
(Fig. 3C) resulted in several patterns being produced. A band 
of ~1.4 kb was produced in more than half of the samples, 
indicating a sequence similarity was shared between these 
samples. These findings can be further analyzed for biomarker 
development. From a total of 89 samples, 18 (20.2%) were 
successfully amplified by these three arbitrary primers. Fig. 4 
shows the banding patterns for the 18 samples. To generate a 
dendrogram, RAPDistance software was used. A similarity 
matrix was calculated using Jaccard and Dice coefficient. The 
similarity coefficients for 18 samples obtained with RAPD 
markers ranged from 0.014 to 0.484 for Jaccard coefficient and 
0.046 to 0.471 for Dice coefficients. The dendrogram, based on 

Table III. Demographic characteristics and histological types of NMSC.

  BCC (total n=51)a SCC (total n=38)a

  n (%) n (%) P-value

Age (years)
 <40 3 (33.3) 6 (66.6) Fisher's exact test, 0.010
 40-60 7 (36.8) 12 (63.2)
 >60 31 (72.1) 12 (27.9)
Race
 Chinese 33 (64.7) 18 (35.3) Fisher's exact test, 0.006
 Indian 0 (0) 7 (100)
 Malay 16 (57.1) 12 (42.9)
 Others 1 (50) 1 (50)
Location of tumor
 Face/head 42 (100) 22 (61.1) χ² test, 0.000
 Others 0 (0) 14 (38.9)

BCC, basal cell carcinoma, SCC, squamous cell carcinoma. aSome numbers may not add up to the total due to lack of information.



ONCOLOGY REPORTS  27:  753-763,  2012 759

RAPD data, showed a clear distinction into major and minor 
clusters. The dendrogams obtained using both coefficients 
showed the presence of three main clusters having four, seven 
and seven samples in each, respectively, as in Fig. 5.

Discussion

Malaysia is a multiracial temperate developed country with 
incidence of NMSC approaching 4% of all cancers in males 
and 2.7% in females from peninsular Malaysia. These data 
concluded that NMSC was categorized as the ninth most 
frequent cancers in males and tenth in female (3). So far, there 
is limited information on the frequency of that polymorphism 
in normal Malaysian population and NMSC. p53 is one of the 

most important tumor suppressor genes. Germline mutations 
in this gene lead to the Li-Fraumeni syndrome while poly-
morphisms modulate the risk of several types of cancer. p53 
codon 72 polymorphism lies in a proline-rich region, which 
is important for its ability to induce apoptosis (32). Proline 
is a stronger inductor of p21, one of p53 effectors in the cell 
cycle checkpoint (12). On the other hand, arginine is able 
to induce 5-10 times more apoptosis than proline, which is 
explained in part by a higher ability of arginine to localize to 
the mitochondria (33).

In this study, the statistical analysis revealed that there is 
no direct association between p53 codon 72 polymorphism 
with the type of NMSC and demographic characteristics of 
the selected Malaysian patients. Only few studies have been 

Figure 3. Agarose gel picture for amplification with A, OPO-09, B, OPO-12 and C, OPO-20, respectively. M, the molecular weight marker using 1-kb ladder 
while the numbers on the top represent sample number.
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Figure 4. Banding patterns produced by A, OPO-09, B, OPO-12 and C, OPO-20, respectively, from the 18 samples. M, the molecular weight marker. Numbers 
on top of the pictures represent designated sample's number while missing numbers indicate that the samples were not successfully amplified with the three 
primers.

Figure 5. Dendrogram generated using (A) Jaccard and (B) Dice coefficient.

  B  A
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conducted to find these association since most of the studies 
tried to analyze the associations of the polymorphism in 
cancer patients and healthy population (31,34). Moreover, Arg/
Arg genotype was found dominant in both types of NMSC. 
No studies supported this finding so far, at least in Malaysian 
patients. This finding suggests that p53 codon 72 genotype 
did not determine whether an individual will develop BCC or 
SCC since the genotype distributions were not significantly 
different. Although no significant difference was found in the 
genotype frequency between female and male, the frequency 
of Arg/Arg in female NMSC was found to be high (84.2%). In 
studies conducted in Asian cervical cancer patients, this geno-
type frequency was found to be relatively low; 40% (35) in 
Korean women; 44.8% (36) in Japanese women; 31% in Hong 
Kong women (37) and 27% in Indian women (38). Whether 
this genotype can be attributed to NMSC risk in female 
requires further investigation since different types of cancer 
influenced the polymorphism differently. However, at least in 
this selected studied population, frequency of p53 Arg/Arg in 
female was almost 8-fold of other genotypes. A non-significant 
age-associated increase in the Arg/Arg genotype frequency 
was also observed. p53 can act through several pathways when 
reacting to cellular stress. Apoptosis, cell cycle arrest at the 
G1 checkpoint, and cellular senescence are all mechanisms 
triggered by activated p53 (39). These mechanisms are all 
beneficial when the organism is young, but in older organisms, 
such effects probably reduce longevity and augment cancer 
risk (40). In accordance with this concept, p53 accelerates 
aging when responding to cellular stress (41). The Arg allele of 
this polymorphism increases p53-induced apoptosis, whereas 
the Pro allele produce cell cycle arrest in the G1 phase (33). 
Orsted et al suggested that Arg/Pro heterozygotes and Pro/
Pro versus Arg/Arg homozygotes have reduced mortality, 
which could result from a generally decreased aging process 
caused by decreased proapoptotic activity and increased cell 
cycle-arresting abilities of p53 (42). Unfortunately, no studies 
assessed the age-associated changes regarding codon 72 geno-
type distribution in NMSC. However, the relationship between 
codon 72 genotype and patient age have been reported in some 
previous studies on lung cancer patients. Wang et al studied 
194 lung cancer patients and 152 non-cancer controls (13). 
They found that patients with Pro/Pro genotype had an odds 
ratio of 2.63 (95% CI, 1.22-5.68; P=0.01) higher than those 
with the other genotypes to be diagnosed with lung cancer at 
earlier ages. Although they did not mention the association of 
patient age and Arg/Arg genotype distribution, it was evident 
from their data that Arg/Arg genotype occurred in 40% of 150 
cancer cases who were aged 60 or over, compared with 27.8% 
of 36 who were <60. In contrast, in non-cancer controls, there 
were 29.5% of 112 and 35% of 40 for those aged 60 or over and 
those younger than 60, respectively. The mechanisms which 
lead to the age-associated increase of codon 72 Arg p53 in 
NMSC are not clear. The preferential retention of codon 72 
Arg p53 has been reported in esophageal squamous cell carci-
noma (43) and this could lead to an increased frequency of Arg 
allele in cancer patients >60 years old. Data from the current 
study does not really support this mechanism because there is 
no data on the healthy subject with the same age group. The 
increased frequency of codon 72 Arg p53 was not significantly 
associated with patient age in NMSC patients and whether 

there is a significant difference between cancer and non-cancer 
patients has to be investigated. The most important risk factor 
of NMSC is solar UV radiation whereas ethnicity, color of 
unexposed skin, latitude, pattern and amount of sun exposure, 
other radiations, Arsenic exposure, Xeroderma pigmentosum, 
Bazex syndrome, and Gorlin's syndrome are other minor risk 
factors in the common population (44). As can be seen among 
the sunlight exposed tumor location (face or head area) of 
this study, the Arg allele frequency have decreased compared 
to other areas which are less exposed to sunlight. Since this 
finding is not statistically significant, p53 codon 72 genotype 
does not determine the tumor location developed in NMSC, 
whether at sun-exposed or non sun-exposed area. Bendesky 
et al irradiated with UVB isolated lymphocytes from subjects 
of their case-control study, with the three different p53 geno-
types (34). They found that cells harboring at least one Arg 
allele had a significantly higher frequency of apoptotic cells 
than Pro homozygous cells but statistical analysis proved that 
Arg polymorphism was not associated with BCC, SCC, or 
NMSC. Their study suggested that in vitro, at least in Mexican 
NMSC, individuals possessing Arg allele (either homozygous 
or heterozygous) were less prone to this cancer compared 
with that of Pro allele. However, since in the recent study 
no information on the genotype frequencies in Malaysian 
healthy population is available, the risk of developing NMSC 
in individual with different p53 codon 72 genotypes cannot be 
determine thus demanding further research and analysis. p53 
codon 72 polymorphism shows a latitude related distribution; 
i.e., higher prevalence of Pro allele in high latitude areas (31). 
It is usually concluded that dark skinned populations have a 
higher frequency of the Pro allele. This finding is not in agree-
ment with this recent study. In selected Malaysian NMSC, the 
frequencies of the Pro/Pro genotype in Indian subjects was 
less than other races (Chinese and Malays). None of this group 
possesses Pro/Pro and only 20% possessing Arg/Pro were 
lower than that of Arg allele and Arg/Arg genotype. However, 
this is most likely to be associated with the genes, not with skin 
color itself and the sample size is small thus not representing 
the whole Indian population.

Demographic characteristics analysis revealed that 
there were significant differences obtained regarding types 
of NMSC with respect to age-group, tumor location and 
races. Statistical analysis proved that there is an increase in 
frequency of BCC cases with increasing age. This result is 
supported by Carr et al that incidence of BCC increases with 
increasing age and the diagnosis is quite uncommon before 
the fourth decade of life (45). Whereas for SCC, the distribu-
tion according to age group was quite similar. It appears that 
among these two types, BCC more frequently occurs in older 
patients but SCC risk does not really modified by age. Even 
though solar UV radiation is the etiology for both types (1), 
cumulative sun exposure seems to have a strong influence on 
BCC incidence. As a person gets older, there is more chance 
UV exposure contributing to its cumulative effects on skin 
cancer development. Ethnicity encompasses both skin type 
and sociocultural differences (46). Thus, both inherent genetic 
differences and varying environmental exposure to UV radia-
tion can account for the ethnic differences in this study. For the 
degree of fairness among ethnics in Malaysia, Chinese is the 
fairest, followed by Malay and Indian usually has the darkest 
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skin color. None of Indian subjects in this study was diagnosed 
with BCC, contributing to statistically significant finding in 
frequency of type of NMSC according to race. It is obvious 
from this statistical analysis that Indians are more likely to 
develop SCC than BCC. BCC of the skin mainly considered 
a disease of fair skinned people (1). In worldwide incidence, 
prevalence of BCC is higher than SCC but it thought to be a bias 
since most of the studies are conducted in white populations. 
Pfister also confirmed that SCCs are more common in darker 
skin population (47). The standardized ratio of BCC to SCC 
is roughly 4:1 (48). For all BCC cases, the tumor was located 
on the face or head area, which are also the areas which are 
directly exposed to sun. This is in agreement with Carr et al 
that the lesions may arise at any site but are most commonly 
located on sun-exposed areas, particularly the head and neck 
(45). As for the SCC, the tumor was found in both locations. 
The anatomic location of SCC is primarily on sun-exposed 
areas and in a study of patients dying of SCC, only 3.5% of 
primary tumors were on routinely covered areas of the trunk 
and the remainder were on exposed areas easily viewed during 
physical examination (49). The next most at risk area is the 
extremities (50). Some disagreement exists regarding exactly 
which parts of the head and neck are most at risk. Australian 
data suggest that the so-called ‘less-exposed face’ (area within 
the orbit and nasolabial fold) may be a more common site for 
SCC than the ‘more-exposed face’ (ears, nose, and cheeks) 
(51). These findings are statistically significant suggesting 
that type of NMSC determine where the malignant lesion will 
develop; either in directly sun-exposed area or the opposite. 
Moreover, Brenna et al concluded that the controversial data 
found by the different studies have been attributed to ethnic 
differences, but other potential confounding factors should be 
considered, including the sample size, the source of DNA, and 
the detection techniques use (52).

In RAPD, analysis on each coefficient proved that cluster 
produced by Jaccard coefficient was better compared with 
Dice. The similarity that was shared among the 18 samples 
was the location of the tumor. Malignant lesions in all 18 
subjects were located in the area directly exposed to sun. 
Amplifications by RAPD showed that each single primers 
of arbitrary sequence can be used to amplify genomic DNA 
segments, and that polymorphisms can be detected between 
the amplification products of different individuals. Single 
primer of arbitrary sequence can be used to amplify genomic 
DNA segments, and that polymorphisms can be detected 
between the amplification products of different individuals 
(53). Study reported by Ribeiro et al indicated that genome 
regions amplified by RAPD primers were altered in all kinds 
of skin tumors of all patients, including melanocytic nevus and 
actinic keratosis, compared to normal leukocyte DNA (54). 
These findings also indicated a tendency to sequence dele-
tions in malignant melanoma, and to amplifications in BCC, 
suggesting tumor genome rearrangements, and/or mutations 
that lead to new primer annealing sites.

Our study suggests that Arg/Arg genotype might affect the 
risk of NMSC in Malaysian population since it is the most 
common genotype seen in analysis according to histology 
of NMSC and demographic characteristics. A dysfunctional 
p53 protein may lose its tumor suppressive and cell cycle 
arrest-inducing effects thus the altered protein will be non-

functional or less functional in apoptosis induction. Different 
cancers have a different percentage of p53 polymorphism, 
therefore, the impact of the p53 codon 72 polymorphism upon 
susceptibility to particular cancer could depend on cancer 
subtype with a different percentage of p53 polymorphisms. 
Regarding the detection technique used, the optimized 
touchdown PCR condition able to detect codon 72 p53 poly-
morphism with 67.4% success rate. Distribution of p53 codon 
72 genotype were 70% Arg/Arg, 20% Pro/Pro and 10% Arg/
Pro. NMSC types and demographic characteristics did not 
influence genotypes distribution. On the other hand, BCC and 
SCC distribution was influenced by age group, race and tumor 
location. The RAPD technique may reveal unknown genes 
or DNA sequences associated with tumor development and 
progression, and represent a practical and low-cost method 
to differentiate normal from tumor tissues thus permitting its 
application in preliminary clinical diagnosis and prognosis. 
The present research is focused on correlating single gene 
mutations with various clinicopathological features, but the 
pattern of mutations in a combination of genes will probably 
be more useful.
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