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Many studies have reported human papillomavirus (HPV) as 
the main cause of cervical cancer. At present, there are more than 
100 different genotypes of HPV, and those related to cervical 
cancer can be classified into high-risk and low-risk groups.1 
While there are some differences in the distribution of HPV 
genotypes according to country and region, HPV 16 accounts 
for 50% of all cervical neoplasia, and HPV 18 accounts for about 
10% to 20%.2,3 The HPV genotypes most often responsible for 
cervical cancer have been identified as HPV 16, 18, 31, 33, and 
45.2,3 HPV 52 and 58 genotypes have been found to have a low 
prevalence rate worldwide, but a relatively high incidence in 
Asian countries including Korea and China.4-9

HPV infections are known to develop into tumors by inacti-
vating certain genes. When infected with HPV 16, E6 and E7 
proteins are highly expressed.10,11 The proteins suppress p53 
and pRb genes, which interfere with the cell division cycle and 
lead to cancer development.10,11 Moreover, since the p16 cyclin-
dependent kinase (CDK) inhibitor inactivates CDK for cell cy-
cle regulation, an increase in p16 from the inactivation of Rb 
by E7 in tumors with HPV type 16 infection is associated with 

a higher risk of cancer.12-14 
HPV vaccines are currently being recommended around the 

world to prevent the development of cervical cancer from HPV 
infection, but Japan has recently raised concern over the possible 
side effects. The HPV vaccines widely used in Korea are the 
quadrivalent Gardasil (Merck, Whitehouse Station, NJ, USA), 
which protects against HPV 6, 11, 16, and 18, and the bivalent 
Cervarix (GSK, Rixensart, Belgium), which targets types HPV 
16 and 18. They are 90% effective in preventing cancer in wom-
en without HPV infection.15,16 However, because they are only 
25% effective against HPV 52 and 58 genotypes,17 further stud-
ies are underway with the intention of providing cross-protec-
tion. With most research concentrated on HPV 16 and 18 geno-
types, it is essential to shift the focus to HPV 52 and 58 geno-
types, which are more prevalent in Asian countries.

Against this backdrop, this study investigates the prevalence 
of HPV 52 and 58 genotypes among women residing in Busan, 
and analyzes the expression of p16 and p53 proteins in cervical 
neoplasia with HPV 52 and 58 infections to determine how 
they relate to cervical cancer.
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MATERIALS AND METHODS

Patients and tissue samples

We examined three hundred fifteen cases of liquid-based cy-
tology, and all samples were taken with a cervical brush during a 
gynecological examination for HPV DNA testing between Jan-
uary 2011 and December 2011. All HPV testing samples were 
obtained from gynecology outpatient clinic, and the punch bi-
opsies were performed on the same day or within 6 months of 
HPV testing. A total of 315 cases were analyzed using the HPV 
DNA chip test (Biomed Lab Co., Seoul, Korea) for HPV geno-
types, and of these, we retrospectively examined p16 and p53 
expression in 62 cases of cervical tissues infected with HPV 52 
and 58 using immunohistochemistry. The histologic grades of 
diagnoses were classified as either within normal limits (WNL), 
cervical intraepithelial neoplasia (CIN) I, CIN II, CIN III, squa-
mous cell carcinoma in situ (CIS), or invasive carcinoma. The he-
matoxylin and eosin-stained slides were reviewed in each case to 
confirm the surgical pathologist’s original diagnosis.

HPV genotyping

For HPV genotyping, we used a commercially available HPV 
DNA chip kit (Biomed Lab), which is a polymerase chain reac-
tion (PCR)-based DNA microarray system. The HPV DNA 
chip contained 12 types of high-risk HPV (HPV 16, 18, 31, 33, 
35, 39, 45, 51, 52, 54, 56, 58) and 7 types of low-risk HPV 
(HPV 6, 11, 34, 40, 42, 43, 44) strains. The PCR products from 
all samples were subjected to electrophoresis on 2.5% agarose 
gels, and size of HPV DNA products was 150 base pairs. After 
10 µL of the amplified HPV product was denatured at 95°C for 
5 minutes, it was mixed with a hybridization solution, and then 
applied to the DNA chip. Hybridized HPV DNA was visual-
ized using a DNA chip scanner (GSI Lumonics, Scanarray Lite, 
Ottawa, Canada). HPV amplicons were hybridized with the cor-
responding type of specific oligonucleotide probe and visualized 
on HPV DNA chip slides as double positive spots.

Immunohistochemistry

The immunohistochemical portion of this study, focused on 
expression of proteins p16 and p53, was performed on formalin-
fixed, paraffin-embedded, 4-µm thick tissue sections using the 
avidin-biotin-peroxidase complex method. Deparaffinization of 
all the sections was performed through a series of xylene baths, 
and rehydration was performed with a series of graded alcohol 
solutions. To enhance immunoreactivity, microwave antigen re-
trieval was performed at 750 W for 30 minutes in Tris-EDTA 

buffer (pH 9.0). After blocking endogenous peroxidase activity 
with 5% hydrogen peroxidase for 10 minutes, primary antibody 
incubation was performed for 1 hour at room temperature. The 
primary antibodies were a mouse monoclonal antibodies direct-
ed against p16 (JC 8, Santa Cruz Biotechnology, Santa Cruz, 
CA, USA) and p53 (DO-7, DakoCytomation, Glostrup, Den-
mark) used in 1:100 dilutions. An Envision Chem Kit (Dako-
Cytomation, Carpinteria, CA, USA) was used as the secondary 
antibody at room temperature for 30 minutes. After washing 
the tissue samples in Tris-buffered saline for 10 minutes, 3,3’-di-
aminobenzidine was used as a chromogen, and Gill’s hematoxy-
lin counterstain was applied.

Evaluation of immunohistochemisty

All the slides were evaluated without knowledge of any clini-
copathologic data. Immunoreactivity for p16 expression was de-
fined by the presence of nuclear and cytoplasmic staining, and 
p53 expression was defined by the presence of nuclear staining. 
The percentage scores of immunoreactive tumor cells were cate-
gorized into the following four groups: 0 (0%), 1 (1-10%), 2 
(11-50%), and 3 (>50%). The staining intensity was also cate-
gorized into four groups: 0 (negative), 1 (weak), 2 (moderate), 
and 3 (strong). A final score was obtained for each case by mul-
tiplying the percentage by the intensity score. Finally, tumors 
with multiplied scores that exceeded 2 (i.e., tumors with mod-
erate and/or strong intensity of >10% of cells) were recorded as 
positively immunoreactive to p16 and p53; all the other scores 
were considered negative.

Statistical analysis

Statistical analysis was performed using SPSS ver. 17.0 (SPSS 
Inc., Chicago, IL, USA). The fisher exact test was performed to 
assess the relationship between the expression patterns of p16 
and p53, and results were compared with the histological grades. 
A p-value less than .05 was considered to be statistically signifi-
cant.

 
RESULTS

HPV genotypes analysis

The mean age of patients was 42.5 years (range, 22 to 83 
years). Of the 315 cases, 221 cases (221/315, 70.2%) were found 
to be HPV DNA positive, of which 51.1% (113/221) had high-
risk HPV infections, 4.5% (10/221) had low-risk HPV infec-
tions, 27.6% (61/221) had multiple infections and 16.7% 
(37/221) cases were confirmed to have other types of infections. 
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HPV 16 was the most common genotype (62/221, 28.1%), fol-
lowed by HPV 58 (39/221, 17.6%), HPV 52 (23/221, 10.4%), 
HPV 18 (16/221, 7.2%) and HPV 56 (16/221, 7.2%) (Fig. 1).

HPV 52 and 58 genotypes were identified in 62 (54.9%) of 
113 high-risk HPV infected cases. Of those 62, there were; sin-
gle HPV 52 infections (19/113, 16.8%), single HPV 58 infec-
tions (23/113, 20.4%), multiple HPV 52 infections (4/113, 
3.5%), and multiple HPV 58 infections (16/113, 14.2%) (Table 
1, Fig. 2).

The histologic diagnoses of the 62 cases of cervical tissues in-
fected with HPV 52 and 58 genotypes were classified as follows: 
17 (27.4%) cases of WNL, 20 (32.3%) cases of CIN I, 17 
(27.4%) cases of CIN II/III, and 8 (12.9%) cases of CIS (Table 1).

Expression of p16 and p53 protein

Among the 62 cases of cervical tissues infected with HPV 52 

and 58 genotypes, 41 (66.1%) were positive for p16 expression, 
and 21 (33.9%) were identified as p16 negative. Immunoreac-
tivity of p16 was found in 58.8% (10/17) of WNL, 60.0% 
(12/20) of CIN I, 70.6% (12/17) of CIN II/III, and 87.5% (7/8) 
of CIS. Although it was not statistically significant, p16 overex-
pression tended to be associated with more advanced histologic 
grades of CIN (Table 2).

Of 62 cervical tissues infected with HPV 52 and 58 geno-
types, 23 (37.1%) cases were identified as p53 positive, while 
39 cases (62.9%) did not express p53. The loss of p16 protein 
was found in 64.7% (11/17) of WNL, 55.0% (11/20) of CIN I, 
70.6% (12/17) of CIN II/III, and 62.5% (5/8) of CIS (Table 2).

Relationship between the expression of p16 and p53 in 
HPV 52 and 58 infected cervical neoplasia tissues

Twenty-one (75.0%) of the 28 cases that positively expressed 

Table 1. Distribution of HPV 52 and 58 genotypes according to 
histologic grades in 62 cervical tissues

HPV genotypes
Histology

WNL CIN I CIN II/III CIS Total

HPV 52 (single) 8 6 3 2 19
HPV 58 (single) 3 8 10 2 23
HPV 52 (multiple) 1 2 0 1 4
HPV 58 (multiple) 5 4 4 3 16
Total 17 20 17 8 62

HPV, human papillomavirus; WNL, within normal limits; CIN, cervical in-
traepithelial neoplasia; CIS, squamous cell carcinoma in situ.

Table 2. Expression of p16 and p53 proteins in 62 cervical tissues infected with HPV 52 and 58

Histology
p16 expression

p-value
p53 expression

p-value
Negative Positive Negative Positive 

WNL 7 (41.2) 10 (58.8) .47 11 (64.7) 6 (35.3) .80
CIN I 8 (40.0) 12 (60.0) 11 (55.0) 9 (45.0)
CIN II/III 5 (29.4) 12 (70.6) 12 (70.6) 5 (29.4)
CIS 1 (12.5) 7 (87.5) 5 (62.5) 3 (37.5)
Total 21 (33.9) 41 (66.1) 39 (62.9) 23 (37.1)

Values are presented as number (%).
HPV, human papillomavirus; WNL, within normal limits; CIN, cervical intraepithelial neoplasia; CIS, squamous cell carcinoma in situ.

Fig. 2. Laser scanning results of human papillomavirus (HPV) 52 
and 58 genotypes using HPV DNA chip. (A) Format of HPV DNA 
chip (M, position marker). (B) HPV negative. (C) HPV 52 positive. (D) 
HPV 58 positive.
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Fig. 1. Distribution of high-risk human papillomavirus (HPV) infec-
tions.
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p16 immunoreactivity also showed negative p53 expression, al-
though p16 overexpression was not significantly associated 
with the loss of p53 protein (p>.05) (Table 3, Fig. 3).

DISCUSSION

While differences in the prevalence of HPV genotypes associ-
ated with cervical neoplasia exist between regions, the HPV 16 
genotype is the most common strain worldwide.3 In this study, 
HPV 16 was the most prevalent at 28.1%, followed by HPV 58 
at 17.6%, and HPV 52 at 10.4%. These results are similar to 
those of other studies examining the prevalence of HPV geno-
types in Korea. The prevalence of HPV 58 has been demonstrat-
ed to be very different across global populations: 2.7% of Afri-
cans, 1.2% of Europeans, 0% of North Americans, 2% of East 
Asians, 4% of Japanese, and 23.8% of Hong Kong Chinese.5

A large number of studies have related the inactivation of tu-
mor suppressor genes to the development of cervical neoplasia. 
When tumors are HPV positive, the expression of HPV E6 and 
E7 proteins increases, which inactivates the tumor suppressor 
gene p53.10,11 In this study, p53 expression was positive in 23 
(37.1%) cases and negative in 39 cases (62.9%) of cervical tis-
sues infected with HPV 52 and 58 genotypes. While not statis-
tically significant, the loss of p53 function in HPV-infected cer-
vical neoplasia may be related to a loss of p53 proteins in cells. 
Among the 62 cases of HPV 52 and 58 infected cervical tissues, 
p16 expression was positive in 41 (66.1%) cases and negative in 
21 (33.9%) cases. It is possible that the inactivation of Rb is 
caused by the HPV E7 protein, which may then lead to in-
creased expression of p16 through a negative feedback mecha-
nism. Keating et al.18 found that low-risk HPV genotypes re-
duce p16 expression, while high-risk HPV genotypes show dif-
ferent p16 levels according to the grading of lesions. For high-
risk HPV genotypes, they reported an increase in p16 expres-
sion with cervical cancer progression.19,20 This study also report-
ed that, p16 expression tended to increase with more advanced 
histologic grades of CIN, although this result was not statisti-

cally significant. Considering the high expression of p16 in 10 
(58.8%) out of 17 cases of normal tissues infected with HPV 
52 and 58 genotypes, we recommend that more studies should 
be conducted in this area, as p16 levels can serve as an indicator 
of infection by high-risk HPV genotypes. Song et al.21 reported 
significant relationships between HPV and p16, between HPV 
and p53, and between p16 and p53 in HPV-infected cervical 
neoplasia. In this study, p53 protein expression was generally 
positive when p16 was absent in cervical neoplasia infected 
with HPV 52 and 58 genotypes, but the results were not sig-
nificant. While this may be interpreted as a loss of p53 due to 
HPV E6 and an increase in p16 from Rb inactivation due to 
HPV E7, some follow-up is needed due to the fact that this 
study was limited to 45 cases of cervical neoplasia infected with 
HPV 52 and 58 genotypes.

Currently, there are only two vaccines available for the pre-
vention of cervical cancer from HPV infection. Gardasil and 
Cervarix are at least 90% effective in preventing cervical cancer 
in women uninfected by HPV, but cross-protection has surfaced 
as a topic of interest with the growing concern over HPV types 
not covered by existing vaccines.15,16 According to studies con-
ducted after the World Health Organization established a defi-
nition of “cross-protection” in 2007, bivalent vaccines are 
31.6% effective against 6-month persistent infections of the 
HPV 52 genotype, while quadrivalent vaccines are 25% effec-
tive against 6-month persistent infections of the HPV 58 geno-
type.15,16,22 As demonstrated in this study, HPV genotypes other 

Table 3. Relationship between expression of p16 and p53 protein 
in 45 cervical intraepithelial neoplasias infected with HPV 52 and 58

Expression
p53 protein

p-value
Negative Positive 

p16 protein .42
   Negative 7 (25.0) 7 (41.2)
   Positive 21 (75.0) 10 (58.8)

Values are presented as number (%).
HPV, human papillomavirus.

Fig. 3. Immunohistochemical studies for p16 (A, B) and p53 (C, D) 
in cervical intraepithelial neoplasia (CIN); positive nuclear and cyto-
plasmic reactions for p16 (A, CIN II; B, CIN III) and positive nuclear 
reactions for p53 (C, CIN II; D, CIN III).

A B

C D
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than HPV 16 and 18 also have a high prevalence, and so appro-
priate preventive measures must be put in place. More vaccines 
should be developed for the various HPV genotypes to prevent 
persistent infections and to reduce the initial infection rate from 
the current levels of 27.4% (17/62) in HPV 52 and 58 infected 
normal cervical tissues and 32.3% (20/62) in CIN I.

This study found a high prevalence of HPV 52 and 58 geno-
types, in addition to HPV 16, among high-risk strains in cervi-
cal neoplasia in Korean women. Overexpression of p16 and loss 
of the p53 protein have been demonstrated in a high percentage 
of cervical neoplasia infected with HPV 52 and 58 genotypes. 
Although these observations were not statistically significant, 
our results provide a valuable basis for additional studies involv-
ing a higher number of cases. To understand the mechanism of 
cervical cancer development caused by HPV 52 and 58 infec-
tions, more research is required on the relationships between cell 
cycle regulator p16, tumor suppressor p53 and other proteins.
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