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Correlation between koilocytes and human papillomavirus detection 
by PCR in oral and oropharynx squamous cell carcinoma biopsies
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The purpose of this study was to compare the histopathological analysis with polymerase chain reaction (PCR) 
methods to predict the presence of human papillomavirus (HPV) infection in oral squamous cell carcinoma biopsies. 
Eighty-three paraffin-embedded tissue specimens from patients with oropharynx and mouth floor squamous cell 
carcinoma were submitted to histopathological analysis under light microscopy, specifically for the determination 
of the presence of koilocytes. Subsequently, DNA was purified from the same paraffin-embedded specimens and 
submitted to PCR. Fisher’s exact test showed no statistically significant correlation between the two methods. The 
results suggest that the presence of koilocytes is unreliable for the detection of HPV presence in oral and oropharynx 
squamous cell carcinoma. 
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Human papillomavirus (HPV) is considered to be an 
etiological factor for uterine cervix carcinoma and its as-
sociation with oral and oropharyngeal carcinomas has 
recently been addressed. More than 130-200 HPV types 
have already been described (Lajer & von Buchwald 
2010). Non-oncogenic HPV types 6 and 11 induce epithe-
lial proliferations, such as papillomas and condylomas. 
On the other hand, the oncogenic HPV types 16 and 18 
are associated with carcinomas and are capable of trans-
forming epithelial cells of the genital and respiratory 
tracts (Villa 2007). Epidemiological studies have stated 
that HPV plays an important role in the development of 
oral and oropharyngeal lesions (D’Souza et al. 2007). 
Whether the new HPV vaccines will protect against cer-
vical cancer and HPV-positive head and neck squamous 
cell carcinoma remains unknown (Lajer & von Buchwald 
2010). A possible involvement of HPV in the develop-
ment of precancerous lesions and oral carcinoma was 
first proposed by Syrjänen et al. (1983); based on light 
microscopy examination, they observed cytopathic HPV 
alterations (koilocytosis) in 35% of the oral squamous 
cell carcinoma biopsies that were identical to those found 
in precancerous lesions and uterine cervix carcinoma. 

The histological diagnosis is based on HPV-related 
histopathological aspects, such as koilocytosis, dysk-
eratosis, papillomatosis, hyperkeratosis, acanthosis and 
parakeratosis. Koilocytosis is the most common cy-
topathic effect and is considered by pathologists to be 
the major histopathological aspect for determination of 
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HPV infection. Koilocytosis consists of the presence of 
abnormal koilocytes that are vacuolated with nuclear 
pyknosis and large clear perinuclear halos that usually 
occupy a greater volume than that of the cytoplasm. It 
is considered a pathognomonic sign of HPV-associated 
lesions (Fornatora et al. 1996). While some authors sug-
gested an association between cytological and immuno-
histochemical positivity for HPV (Löning et al. 1987), 
others found no morphological aspects that confirm the 
presence of HPV by polymerase chain reaction (PCR) 
(Salvia et al. 2004). Histopathological analysis under 
light microscopy is the most commonly used method for 
oral pathology diagnosis and it is a useful method for the 
observation of viral particles when molecular biology 
methods are not available. To compare the histopatho-
logical diagnosis with PCR methods and to predict the 
presence of HPV infection, a retrospective analysis was 
conducted on 83 paraffin-embedded tissue specimens 
that were obtained from patients with a histopathologi-
cal diagnosis of oropharynx or mouth floor squamous 
cell carcinoma. The specimens were retrieved from the 
archives of the Oral Oncology Center at the School of 
Dentistry of Araçatuba [approved by the Human Re-
search Ethics Committee at the São Paulo State Univer-
sity (2006-00931)]. For this study, 4-µm-thick sections 
obtained from the paraffin-embedded squamous cell 
carcinoma samples were stained with hematoxylin and 
eosin. Histopathological diagnoses of oropharynx or 
mouth floor squamous cell carcinoma were provided by 
two pathologists. No cases of verrucous carcinoma or 
other lesions were included in this study. The patholo-
gists were not aware of the PCR HPV test results. For 
DNA extraction and PCR analysis, 10-µm-thick histo-
logical sections obtained from the same paraffin-em-
bedded squamous cell carcinoma samples were used. 
Histological sections were transferred to 1.5 mL sterile 
RNase, DNase, DNA-free microcentrifuge tubes until 
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25 mg of each sample was obtained, which was then de-
paraffinized and rehydrated. A QIAamp DNA Mini Kit 
(Qiagen GmbH, Hilden, Germany) was used according 
to the manufacturer’s instructions for DNA extraction 
and the samples were stored at -20ºC. Initially, PCR was 
performed for the identification of the DNA fragments 
from the human beta-globin gene (256 bp), using prim-
ers GH20 (5’-GAAGAGCCAAGGACAGGTAC-3) and 
PC04 (5’-CAACTTCATCCACGTTC ACC-3) to con-
firm the presence and integrity of the DNA collected 
in the paraffin-embedded samples. The analysis was 
performed by polyacrylamide gel electrophoresis us-
ing an EP3501 electrophoresis apparatus (Amersham 
Pharmacia Biotech, Sweden) for 2 h at 100 V, 500 mA 
and 100 W (Fig. 1). After confirmation of DNA integ-
rity, HPV detection was performed by nested PCR us-
ing the universally accepted consensus external prim-
ers, MY11 (5’-GCMCAGGGWCTATAAYAATGG-3’) 
and MY09 (5’-CTCCMARRGGAWACTGATC-3’); the 
internal primers, GP5+ (5’-TTTGTTACTGTGGTAGA-
TACYAC-3’) and GP6+ (5’-GAAAAATAAACTTGT 
AAATCATATTC-3’). These primers were used for the 
amplification of 150 bp fragments of HPV DNA. The re-
actions were carried out in a programmable-temperature 
DNA thermal cycler (PTC-100; Peltier-Effect Cycling, 
MJ Research, Waltham, USA) using initial denaturation 
at 95oC for 5 min, followed by 38 cycles of denaturation 
at 95oC for 1 min, annealing at 40oC for 2 min, elongation 
at 72oC for 90 s and a final elongation at 72oC for 8 min.

Statistical analysis of the data was performed using 
the Epi Info 2000 software (Centers for Disease Control 
and Prevention, Atlanta, GA, USA). A Fisher’s exact test 
was used to compare the cases of squamous cell carcino-
ma that exhibited histopathological aspects suggestive of 
HPV infection with the presence of HPV DNA confirmed 
by PCR. Significance level was set at 5% for all analyses.

Koilocytosis was the most frequent histopathologi-
cal aspect suggestive of HPV infection and was ob-
served in 37.3% (31/83) (Fig. 1) of the total analyzed oral 
squamous cell carcinoma biopsies (n = 83). Viral DNA 
amplification by PCR was detected in 33.7% (28/83) of 
the cases (Fig. 2). Analysis of the data by a Fisher’s exact 
test showed no statistically significant correlation (p = 
0.3069) between the presence of histopathological as-
pects suggestive of HPV infection and the presence of 
HPV DNA confirmed by PCR (Table). 

The prevalence of HPV in the oral cavity varies 
widely depending on the method of detection and the 
location of the lesion. A previous study that correlated 
histopathological findings in cervix carcinoma biopsies 
with PCR-based HPV detection reported that the most 
common aspects of HPV presence were koilocytosis 
(88.89%) and binucleation (75%). Although koilocytosis 
denotes an important morphological marker for HPV 
infection, it is not a precise basis for HPV diagnosis be-
cause it results in approximately 30% false-positives, 
which should be considered (Salvia et al. 2004). In the 
present study, of 55 cases of negative PCR-based HPV 

Fig. 1A: koilocytosis (thin arrows); parakeratosis (large arrows). Hematoxylin and eosin (H&E) 200X; B: dyskeratosis (arrows). H&E: 200X; C: 
papillomatosis (large arrow) and acanthosis (thin arrows). H&E: 100X; D: hyperkeratosis (arrows). H&E: 100X.
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detection, koilocytosis occurred in 19 cases (34.5%). On 
the other hand, 12 (42.8%) of 28 samples with positive 
PCR-based HPV detection showed the presence of koilo-
cytosis. These findings are similar to those of Löning 
et al. (1987), who studied a series of 22 squamous cell 
carcinomas of the oral cavity, pharynx and larynx and 
four oral leukoplakias without dysplasia by conventional 
light microscopy and dot blot hybridization for the de-
tection of HPV DNA. Koilocytosis was observed in 10 of 
22 carcinomas and three of four oral leukoplakias. HPV 
DNA was found in eight of 22 carcinomas; in six of these 
eight cases, severe koilocytosis was observed. 

Traditionally, the cytological diagnosis of HPV in-
fection is also based on the identification of dyskerato-
sis, which is the second most important cytopathic effect 
suggestive of HPV presence. It often occurs along with 
koilocytosis. All these alterations should be considered 
as indicators of a possible viral infection (Löning et al. 
1987, Fornatora et al. 1996); however, koilocytosis seems 
to be the most important pathognomonic sign of HPV 
presence as described by some authors (Krawczyk et al. 
2008, Aggarwal et al. 2009).

While clinical examination and biopsy provide infor-
mation on the characteristics of HPV-suggestive lesions, 

Fig. 2: polyacrylamide gel electrophoresis (8%) representing nested 
polymerase chain reaction results of samples of squamous cell carci-
noma. CO1 = positive control 1 (HeLa DNA); CO2 = positive control 2 
(condyloma DNA); MW: molecular weight marker (100 bp); NO: nega-
tive control (without DNA).

TABLE
Correlation between the morphological criteria suggestive of 
human papillomavirus (HPV) (koilocytosis) and the presence 
of HPV confirmed by polymerase chain reaction (PCR) in the 

squamous cell carcinoma biopsies examined in this study

Absent Present Total

Koilocytosisa PCR positive 16 12 28
PCR negative 36 19 55

a: Fisher (p = 0.3069).

PCR and hybrid capture-based HPV detection systems 
identify all HPV types and are more sensitive methods 
(Zuna et al. 2006). Al-Qahtani et al. (2007) conducted a 
retrospective study of 199 patients with oral squamous 
cell carcinoma followed by a review of the histopatho-
logical sections of 146 available cases. The authors found 
positive PCR-based HPV detection in only one sample. 
Because HPV was negative in approximately 99.3% of 
the samples, it could not be stated that histopathological 
aspects are pathognomonic features of the presence of 
HPV, which is consistent with our results.

HPV presence has an important role in the carcino-
genesis of oral squamous cell carcinoma, especially in 
the oropharynx; however, HPV DNA presence is ob-
served in both benign and malignant lesions (Al-Qahtani 
et al. 2007, Termine et al. 2008). To establish a lesion 
pattern, only oropharynx and mouth floor squamous 
cell carcinoma were included in this study. One meta-
analysis study observed that the prevalence of HPV was 
higher in carcinomas of the oropharynx (38.1%) than in 
carcinomas of the mouth, pharynx and larynx (24.1%) 
(Termine et al. 2008). Conversely, in our study, HPV 
prevalence was higher (33.7%) and more consistent with 
data from mouth, pharynx and larynx squamous cell 
carcinoma (34.5%) studies that used PCR methods, as 
reported in a recent review by Campisi et al. (2007). The 
use of fresh tissue will increase the detection rate due to 
better quality of DNA material, but paraffin-embedded 
materials allow for retrospective study.

In conclusion, our results suggest that in HPV infec-
tions, the presence of koilocytes in oral and oropharyn-
geal squamous cell carcinoma biopsies does not accu-
rately indicate viral infection.
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