
Abstract. Human papillomavirus (HPV) infection is suspected
of causing laryngeal carcinoma. The relationship of HPV-16 and
18 genotypes to apoptosis and p53 protein expression in Egyptian
laryngeal carcinoma patients was studied. Biopsy specimens from
82 patients with laryngeal carcinoma and 28 with minimal
pathological lesions serving as a control group were examined. In
all specimens, HPV-16 and-18 were examined using PCR, p53
expression was studied by immunohistochemistry and DNA
fragmentation to assess apoptosis was assayed using a
biochemical method and gel electrophoresis. HPV-16 was
detected in 51.2% of laryngeal carcinoma patients versus 14.3%
of the control group (p=0.001). The surrounding areas of
positive tumors were negative in 52.4% of them. HPV-16 was
significantly higher in tumors with higher expression of p53
(p=0.026). An inverse significant relationship was found between
HPV-16 and DNA fragmentation in the laryngeal carcinoma
group (p=0.022). HPV-18 was detected in only 2.4% of laryngeal
carcinoma patients. p53 protein was expressed in 76.8% of the
malignant group with significant increasing positivity with
increasing stage of the disease (p=0.025). Non of the control
group was p53-positive. Our results suggest that highly oncogenic
types of HPV may play a role in the pathogenesis of laryngeal
carcinoma through inactivation of wild-type p53 with subsequent
decrease in apoptosis and by induction of p53 mutation, which
itself can induce malignant transformation.

Increasing evidence suggests that human papillomavirus

(HPV) infection is associated with an increased risk of

epithelial cancer (1). HPV is a small (~7,900 base pairs)

double-stranded circular DNA virus belonging to

papovaviruses. It is capable of infecting epithelial cells

resulting in a variety of pathological lesions. Under certain

yet unknown circumstances, the viral genome may become

integrated into the cellular genome, which may lead to

malignant transformation (2). Laryngeal cancer is one of

those pathological lesions related to HPV infection (3).

Among the more than 100 different types of HPV

identified, type 16 is the most common high-risk genotype

(4). Type 18 is another high-risk genotype (3). The viral

genome contains coding regions referred to as open reading

frames (ORFs). ORFs that encode nonstructural proteins

are referred to as early (E) genes and those that encode

structural proteins are termed late (L) genes, in accordance

with the time in the viral life cycle that they are expressed

(5). Integration disrupts the viral genome in the E1-E2

region, resulting in the failure of transcription of the late

genes and possibly in uncontrolled transcription of the E6

and E7 genes (2). Expression of the E6 and E7 proteins of

HPV-16 and 18 is sufficient for the immortalization of

primary human epithelial cells and induces premalignant

HPV-associated squamous intra-epithelial lesions (6). It has

been well documented that E6 and E7 oncoproteins alter

normal cell growth control mechanisms by inactivating two

well-characterized tumor suppressor proteins, p53 and

retinoblastoma protein, respectively (7). p53 is a cell cycle

"checkpoint" protein, important for cell cycle regulation and

is functionally inactivated in human cancer at a high

frequency (8). The E6 protein of HPV-16 and 18 binds to

p53 and targets it for degradation through the ubiquitin

pathway (9). E6 viral protein has additional biological and

transforming activities that appear independent of p53 (10).

It has been reported to interact with a number of cellular

proteins including proteins involved in apoptosis such as

Bak (11), c-Myc (12) and tumor necrosis factor (TNF)(13).

In the present work, we studied the incidence of HPV

infection among laryngeal cancer patients in Egypt. The

relationship of the HPV genotypes 16 and 18 to apoptosis

and p53 protein expression in laryngeal tumor tissues in

comparison to benign lesions was addressed. 
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Patients and Methods

Patients. The study included a total of 110 subjects divided into two

groups: the malignant group containing 82 patients suffering from

laryngeal carcinoma, while 28 patients suffering from minimal

pathological lesions (MPL) (as polyp or nodule) served as a control

benign group. All patients presented to the Department of

Otolaryngology of Ain Shams University Hospitals, Cairo, Egypt, in the

period between May 2001 and July 2003. A written consent was

obtained from each patient and the study protocol conformed to the

ethical guidelines of the 1975 Declaration of Helsinki. All patients were

subjected to a full history and clinical examination focusing on the neck

lymph node status. Direct laryngoscopy was performed on all laryngeal

carcinoma patients, during which the local extent of the tumor was

accurately determined and biopsy specimens were taken from the site

of the tumor as well as the apparently normal surrounding tissues.

Tumors were classified according to the 1997 International Union

against Cancer Tumor-node-metastasis Classification system. All the

biopsy materials were excised before any treatment was applied. MPL

were obtained during micro-laryngosurgery. The surgically excised

tissue specimens were divided into two portions: one was processed for

histopathological evaluation and the other was cytologically evaluated

by touch imprints and then frozen at -80ÆC for further assay.

Laboratory work was done in the Medical Biochemistry Department,

Ain Shams Faculty of Medicine, Cairo, Egypt.

DNA extraction for PCR. From all patients, epithelial tissues were

taken from fresh specimens. The DNA was first extracted from the

fresh tissue samples by the proteinase K digestion method slightly

modified from Jackson et al. (14). DNA content and purity were

estimated using UV at 260 and 280 nm.

Primer design. We performed HPV-16 PCR using two sets of

primers to confirm our results. The first set was the one designed

by Furuta et al. (15) for the E6/E7 genes. A new primer set for

HPV-16 was designed against L1 protein using the GeneJockey

software (GeneJockey, BIOSOFT, Cambridge, UK). Primers for

HPV-18 E6/E7 genes were also designed using the same software.

HPV-16 PCR. HPV-16 PCR was performed using two different sets

of primers in separate reactions. All precautions were taken to avoid

contamination (16). First, we used the primer set HPV 16 E6/E7 genes

FP 320- 5` ATTAGTGAGTATAGACATTA 3` 339, RP 410-5`

GGCTTTTGACAGTTAATACA 3-429 according to Furuta et al.
(15). Briefly, in a 25 ml total reaction volume, crude DNA extract

(about 1000 ng), or 50 ng control DNA were incubated in a reaction

mixture containing: 10 mM Tris-HCl (pH 8.3), 1.5 mM MgCl2, 0.2

mM of each deoxynucleotide triphosphate, 50 pmol of oligonucleotide

primers and 0.25 units of Taq polymerase. The reactions were

subjected to 30 cycles of amplification. The amplification cycle was 1

minute denaturation at 94ÆC, 2 minutes annealing of primers at 46ÆC

and 3 minutes for synthetic extension of the primers at 72ÆC. 

Second, using the primers designed by the GeneJockey software,

HPV-16 L1 gene FP 380 GTGTAGGTGTTGAGGTAGGTCG

401, RP 509 TCTCTATTATCCACACCTGC 490 (Product=130

bp), we tried the same reaction mix in different cycling conditions.

The melting temperature for the HPV-16 FP was 62.1 and 55.3 for

the RP. We first tried 50ÆC for annealing of the primers. The

annealing temperature was increased gradually till we obtained a

clean single band at the 130 bp level using 55ÆC as the annealing

temperature. The MgCl2 concentration in the reaction mix was

optimized at 2 mM. DNA extracted from cultured cell lines

harboring HPV-16 (HK-2 transduced with HPV-16 genes) was

used as positive control (American type culture collection (ATCC),

Rockville, MD, USA). The negative control consisted of PCR

reagents not containing any template. 

HPV-18 PCR. GeneJockey designed primers were against the

integrated HPV-18 E6/E7 genes FP 747 ACAGGAACGA

CTCCAACG 764, RP 1121 AGCCATTGTTGCTTACTGCTGG

1100 (Product=375 bp). The melting temperature was 56ÆC for FP

and 60ÆC for RP. The annealing temperature was lowered by 1ÆC

at a time until a clear product at 375 bp was obtained at 48ÆC.

DNA extracted from the cultured cell lines (RWPE-1) was used as

a positive control for HPV-18 PCR (ATCC). 

The amplification products of PCR as well as 100 bp DNA

molecular weight marker (Promega) were allowed to electrophorese

in 2% agarose gel with 80 ng/ml ethidium bromide. 

Apoptosis assays. Apoptotic changes in laryngeal tissues were

evaluated colorimetrically using the diphenyl amine (DPA) assay

for DNA fragmentation and were documented by agarose gel

electrophoresis according to the procedure of Perandones et al.
(17) that was modified from Burton (18). 

Immunoalkaline phosphatase (APAAP) staining. Paraffin sections to

be stained were immediately deparaffinized in xylene, then

rehydrated in descending grades of alcohol followed by Tris buffer

saline. Antigen retrieval was performed by placing the sections in

citrate-buffered saline pH 6.0 then heating in a microwave oven at

700W for 10 minutes. The slides were then left to cool at room

temperature and put in Tris-HCl buffer. The primary antibody (p53

clone DO7 from Novocastra, UK) was applied and slides were

incubated for 2 hours. The slides were then subjected to the

APAAP technique, as previously described by Cordell et al. (19).

The slides were counterstained for 5 minutes in Mayer's

hematoxylin and mounted in Kaiser gelatin.

Statistical analysis. Univariate analysis was performed using the

Chi-square test of association of categorial variables, whereas the t-
test was used for continuous variables. One way ANOVA was used

for comparison of different parameters in various groups. These

analyses were performed using the Statistical Package for the
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Table I. HPV-16 positivity in relation to type and sex of patients using
Chi-square analysis.

No HPV-16 X2 p
-ve +ve

Type

Benign 28 24 (85.7%) 4 (14.3%) 11.7 0.001*

Malignant 82 40 (48.85) 42 (51.2%)

Sex

Male 101 58 (47..4%) 43 (42.6%) 2.35 0.31

Female 9 6 (66.7%) 3 (33.3%)

*p value is significant.



Social Sciences software version 9.0 (SPSS Inc., Chicago, IL, USA).

p53 was graded semiquantitatively according to the intensity of

immunostaining. When immunostaining was only noticed in 0-4%

of nuclei, it was considered negative. It was +1 when p53 was

positive in 5-20% of nuclei of malignant cells, +2 when positive in

21-50% of nuclei and +3 when positive in 51-100% of nuclei.

Another grading for p53 results, namely low expression (0-20% of

nuclei) and high expression (21-100% of nuclei), was used. 
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Table II. HPV-16 positivity in relation to clinico-pathological parameters
of laryngeal cancer patients using Chi-square analysis.

No HPV-16 X2 p
-ve           +ve

Stage

I 13 5 8 1.82 0.61

II 32 14 18

III 23 13 10

IV 14 8 6

Grade

1 8 5 3 0.77 0.68

2 50 23 27

3 24 12 12

p53

- 19 12 5

+1 30 17 13 6.85 0.077

+2 19 8 11

+3 14 3 11

p53

Low expression 49 29 20 5.27 0.026*

High expression 33 11 22

Gel apoptosis

-ve 42 11 31 17.59 0.0001*

+ve 40 29 11

*p value is significant

Figure 1. Analytical gel electrophoresis showing the 130 bp PCR product of HPV-16. Lane 1: 100 bp DNA molecular weight marker, lane 2: negative
control, lane 3: positive control. Lanes 5&6, 7&8, 9&10, 13&14, 15&16: positive samples with negative safety margins. Lanes 11&12, 19&20 negative
sample and lanes 17&18: positive sample with positive safety margin.

Figure 2. Analytical gel electrophoresis showing the 375 bp PCR product
of HPV-18. Lane 1: 100 bp DNA molecular weight marker, lane 2:
negative control, lane 3: positive control. Lanes 5 and 7: positive samples.
Lanes 4 and 6: negative samples.



Results

In this study we included a total of 110 patients. Twenty-eight

patients with MPL served as a control group. Their age

ranged between 18 and 87 years (mean±SD 54.7±11.27,

median 55). The malignant group included 82 patients. Their

age ranged between 34 and 65 years (mean±SD 51.1±8.4,

median 53). All the malignant group members were smokers

except two of them, their ages being 42 and 59 years. 

Association of HPV with laryngeal carcinoma. HPV-16 was

analyzed in all excised tissues of patients by PCR using two

different sets of primers to confirm the results. Both primers

provided the same results. Histopathological examination of

the positive samples showed mucosal changes suggestive of

HPV infection as the presence of koilocytic atypia. HPV-16

was detected in 4/28 (14.3%) of the MPL group. In the

malignant group, we performed DNA extraction and PCR in

the tumor tissue as well as in the surrounding normal tissue

of the excised tumor (Figure 1). HPV-16 was negative in 40

malignant tumors (40/82, 48.8%) as well as their surrounding

area (p=0.001, Table I). Of the 42 positive patients (42/82,

51.2%), 20 showed HPV-16 positivity in both the tumor and

the surrounding area (20/42, 47.6%) while 22 patients showed

HPV-16 positivity in the tumor tissues but not in the

surrounding area (22/42, 52.4%). No significant relationship

was found between HPV-16 positivity and stage or pathologic

grade of the disease (Table II). Both the non-smoker patients

in the malignant group were HPV-16 and 18-negative. HPV-

18 was only positive in two malignant patients (2/82, 2.4%)

(Figure 2). Both patients were negative for HPV-16. One of

them was a 59 -year-old male with stage III tumor and p53-

negative, the other was a 65 –year-old female with stage II

tumor who showed high expression of p53. Both patients

showed low apoptotic ratio (% DNA fragmentation).

p53. All benign group members showed negative expression

for p53. In the malignant group, 63/82 (76.8%) showed

positive expression of p53 (Figure 3). Of those positive cases,

30 (47.6%) showed an intensity of +1, 19 (30.2%) showed

+2 and 14 (22.2%) showed +3. The expression of p53

increased with increasing stage of the disease (p=0.025), but

no significant relationship was found between p53 expression
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Table III. p53 status in relation to clinico-pathological parameters of
laryngeal cancer patients using Chi-square analysis.

No p53 X2 p
-ve +1 +2 +3

Type

Benign 28 28 - - - 29 0.0001*

Malignant 82 19 30 19 14

Stage

I 13 6 6 1 - 19.06 0.025*

II 32 8 12 6 6

III 23 4 4 10 5

IV 14 1 4 3

6

Grade

1 8 2 3 2 1 4.49 0.61

2 50 8 20 12 10

3 24 9 7 5 3

Gel apoptosis

-ve 42 9 12 9 12 8.4 0.038*

+ve 40 10 18 10

2

*p value is significant.

Figure 3. A case of laryngeal carcinoma showing
strong immunostaining for p53 in nuclei of 30-40%
of malignant cells. APAAP method, fast red
chromogen X 400.



and the grade of the disease. The positivity rate of HPV-16

tended to increase with increasing level of expression of p53

(p=0.077). When we re-categorized the p53 results into low

expression and high expression, HPV-16 was significantly

higher in tumors which demonstrated higher expression of

p53 (p=0.026) (Table II). Increased p53 expression was

inversely related to apoptotic DNA fragmentation (p=0.038)

(Table III). 

Apoptosis. DNA damage in laryngeal tissues was evaluated by

measuring the level of fragmented DNA colorimetrically using

DPA assay and by detecting DNA ladders on agarose gel

electrophoresis (Figure 4). Marked DNA fragmentation was

detected in malignant tissues compared to benign (mean±SD

45.49±18.67 and 36.67±15.7, respectively, t=-2.24, p=0.027).

An inverse significant relationship was demonstrated between

HPV-16 positivity and DNA fragmentation as well as

apoptosis, as demonstrated by gel electrophoresis in the

malignant group (p=0.022 and 0.0001, respectively)(Table II).

The mean DNA percent fragmentation was higher, although

not significantly, in stage I (51.24±20.6) than the other stages

of the disease collectively (44.4±18.2) (t=1.21, p=0.23). No

significant relationship was found between apoptosis and the

grade of the disease. DNA fragmentation decreased with

increased p53 expression. This relationship was significant

only when we considered the low expression/high expression

classification (Table IV). 

Discussion

High-risk types have been detected in benign and pre-

malignant lesions of the larynx (20). The application of

sensitive PCR has enhanced the detection of HPV

infections in laryngeal carcinoma, but its role in laryngeal

carcinogenesis is still under investigation. We studied two

groups of patients for the detection of HPV-16 and 18. The

control group included MPL patients but not normal

subjects. The frequency of HPV-16 found in our samples

was 51.2% in the malignant group versus 14.3% in the MPL

group under strictly controlled conditions. Two patients in

the malignant group were non-smokers and both of them

were HPV-negative. When HPV is present, it probably co-

operates with other carcinogens such as tobacco

carcinogens, to promote malignant transformation (21).
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Table IV. Percent DNA fragmentation in relation to the clinico-
opathological parameters in the malignant group.

Parameter No Mean±SD t p

HPV 16

-ve 40 50.28±21.1 2.33 0.022*

+ve 42 40.9±14.8

Gel apoptosis

-ve 42 36.8±14.1 -4.89 < 0.001*

+ve 40 54.6±18.6

Stage

I 13 51.2±20.6

II 32 43.76±18.2 F=0.58 0.63

III 23 46.12±20.5

IV 14 43.07±15.2

Grade

1 8 46.6±25.8

2 50 45.5±19.1 F=0.025 0.976

3 24 44.9±15.8

p53

- 19 48.5±21.1

+1 30 48.3±17.9 F=1.69 0.17

+2 19 42.9±18.9

+3 14 37.1±13.8

p53

Low expression 49 48.85±19.17 2.023 0.046*

High expression 33 40.5±16.97

*p value is significant.

Figure 4. Apoptotic fragmentation of DNA in laryngeal
carcinoma. Lane 1: 100 bp DNA molecular weight marker.
Lanes: 2, 5, 6, 8 and 9: no visible DNA ladder. Lanes 3, 4, 7,
10, 11, 12 show DNA fragmentation as 200 bp ladder.



This might indicate that HPV has no role in the

pathogenesis of laryngeal cancer in non-smokers. The

surrounding tissues of the positive malignant samples were

either negative, clearly indicating that the insult of HPV-16

integration is associated with malignant transformation, or

positive in less than 50% of the safety margins. Some of the

HPV-16-positive safety margins had pre-malignant dysplasia

that may have been harboring the virus. Some of them were

positive, possibly due to iatrogenic contamination by tumor

cells during surgery. The positive and negative results

obtained were exactly the same when we used two different

sets of primers against two different regions of HPV-16

genome in separate experiments. The incidence of HPV-16

in laryngeal squamous cell carcinoma varies between 22%

and 83% in different areas in the world (22). Our results

showed that the incidence in Egypt is among the highest in

the world. We postulate that the ethnic characteristics of the

population tested and the differences in the environmental

factors might play a role in this wide range of variation

among incidences in different populations. Lindeberg and

Krogdahl (23) from Denmark used three pairs of consensus

primers for the detection of different genotypes of HPV in

laryngeal carcinoma. They detected HPV in only 1/30

carcinomas and this single result was not of type 6, 11, 13,

16, 18, 30, 31, 33, or 35. They concluded that reported

results of the frequency of HPV in head and neck lesions

determined by PCR-based methods (ranging from 3.3% to

85% as they reviewed) can be false originating from

contaminated uncontrolled PCR procedures. We think that

the incidence in Denmark is rather low. 

HPV-18 frequency in our Egyptian laryngeal carcinoma

samples was 2.4% versus 0% in the benign group. Very few

reports have commented on HPV-18 in laryngeal

carcinoma. Some authors reported a low incidence e.g.
Ogura et al. (24) in their study in Japan. Some reported a

higher incidence, such as Morshed et al. (25) who showed

HPV-18 positivity by PCR in 4 out of 20 Polish patients

suffering from laryngeal carcinoma (20%). We can conclude

here that the frequency of HPV-18 in laryngeal carcinoma

also varies in the same way as that of HPV-16 from one area

to another. Although 40 patients of the malignant group

were negative for both analyzed HPV types, we cannot

exclude that HPV might have been involved in the initiation

of cancer and subsequently lost during the course of the

disease, which would support the ‘hit and run’ theory (1).

This assumption can be applied to our samples since the

positivity rate of HPV increased from stage I of the disease

to stage II, then decreased in stage III and stage IV.

Supporting our observation, Atula et al. (26) reported a

higher HPV detection rate in original laryngeal tumors

compared to cell lines. They explained their findings by the

eradication of the HPV genome in the early passages of cell

cultivation. 

Many DNA damaging agents are thought to induce

apoptosis through a p53-dependent pathway. HPV-16 E6

protein is thought to bind, inactivate and accelerate p53

degradation (27, 28). In normal cells, the wild-type p53 is

kept at a low concentration by rapid degradation.

Therefore, the wild-type p53 protein is usually undetected

or detected at a very low level. However, when there are

mutations in the p53 gene, they result in dysfunctional

protein products with a prolonged half-life that enables

them to accumulate in the cell (29). In this study we

investigated p53 expression by IHC. p53 expression was

detected in 76.8% of laryngeal carcinoma tissues versus
0% in the benign lesions. This high incidence of

expression in malignant cases correlates with HPV-16

positivity. The in vitro experiment performed by Fujikawa

et al. explained our results nicely. They demonstrated that

spontaneous mutation of the p53 gene occurred in HPV-

16 E7-immortalized human laryngeal epithelial cells (30).

However, p53 overexpression alone was significantly

associated with laryngeal carcinoma, as its incidence is

higher than that of HPV-16 (76.8% versus 51.2%). This

indicates a definite independent role of p53

overexpression in the carcinogenesis of laryngeal

carcinoma. The positivity of p53 increased with increasing

stage of the disease, which also correlates p53 expression

with the prognosis of the disease. HPV-16 can contribute

to laryngeal carcinogenesis by both inactivating wild-type

p53 (7-9), as well as induction of mutations and

subsequently overexpression of p53 (30). 

Effective regulation of apoptosis plays an important role

in carcinogenesis. We demonstrated a significant decrease

in apoptosis as detected by DNA fragmentation assay and

by gel electrophoresis in HPV-16-positive patients. The E6

protein of HPV is anticipated to protect cells from p53-

mediated apoptosis induced by DNA damage because E6

protein triggers the destruction of wild-type p53 through the

ubiquitin pathway (6). This explains our finding that the

lower the expression of p53, the higher the DNA apoptotic

fragmentation. 

E6 protein contributes to cell immortalization by

binding proteins other than p53. Filippova et al. (13)

reported that HPV-16 E6 protein binds to tumor

necrosis factor R1 and protects cells from TNF-induced

apoptosis. This suggests E6 protein as an appropriate

target in the treatment of laryngeal carcinoma as it

sensitizes human keratinocytes to apoptosis induced by

DNA damaging agents.

The presented results suggest that highly oncogenic types

of HPV, especially HPV-16, may play a role in the

pathogenesis of laryngeal carcinoma. They act through

inactivation of wild-type p53 with a subsequent decrease in

apoptosis and by induction of p53 mutation, which itself can

induce malignant transformation. 
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