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Recent analyses of head and neck squamous cell car-
cinomas revealed frequent infections by oncogenic
human papillomavirus (HPV) type 16 in tonsillar car-
cinomas. Concerning involvement of risk factors,
clinical course of the disease, and prognosis there are
strong indications arguing that the HPV-positive ton-
sillar carcinomas may represent a separate tumor en-
tity. Looking for a surrogate marker, which in further
epidemiological studies could replace the laborious
and expensive HPV detection and typing we analyzed
P16 protein expression in 34 tonsillar carcinoma for
correlation to HPV status and load of viral DNA. p16
has been shown to be of diagnostic value for clinical
evaluation of cervical dysplasia. We found 53% of the
tested tonsillar carcinomas to be HPV-positive. Fifty-
six percent of all tumors tested were immunohisto-
chemically positive for the p16 protein. In 16 of 18 of
the HPV-positive carcinomas diffuse p16 expression
was observed. In contrast, only one of the HPV-neg-
ative carcinomas showed focal p16 staining (P <
0.001). As determined by laser-assisted microdissec-
tion and quantitative real-time polymerase chain re-
action, p16 expression correlated with the presence
of HPV-DNA in the individual tumor specimens. Clin-
ical outcome analysis revealed significant correlation
of p16 expression with increased disease-free survival
(P = 0.02). These data indicate that p16 is a techni-
cally simple immunohistological marker, applicable
for routine pathological histology, and its prognostic
value for survival is fully equivalent to HPV-DNA de-
tection. (Am J Pathol 2003, 162:747-753)

The p16 protein, encoded by the CDKN2A (MTSH,
INK4A) tumor suppressor gene on chromosome 9p21,
inactivates the function of cdk4- and cdk6-cyclin D com-
plexes. One of the critical substrates of the G1-specific
cdk complexes is the release of E2F through phosphor-
ylation of the retinoblastoma (pRb)-E2F protein. p16 neg-
atively regulates cell proliferation by suppression of hy-
perphosphorylation and functional inactivation of pRb."3
The observation that cell lines with a defect in pRb over-
express p16 led to further studies demonstrating that
pRb acts as negative regulator of p16 expression at the
transcriptional level.” It was shown that p16 is involved in
the regulation of the cellular life span and accumulates in
senescent cells.®

Loss of this cell-cycle inhibitor by homozygous dele-
tion of the gene, mutation, or promoter hypermethylation
has been demonstrated in a wide variety of tumors.® In
contrast, in squamous cell carcinomas of the cervix mu-
tations or homozygous deletions of p16 were absent.”
Interestingly, however, strong p16 overexpression has
been observed by immunohistochemical analysis in
squamous cell carcinomas of the cervix infected by hu-
man papillomaviruses (HPVs).2 p16 was therefore postu-
lated as a specific biomarker, allowing the identification
of dysplastic cervical epithelia in sections of cervical
biopsy samples or cervical smears.® These observations
are in line with the hypothesis that the viral oncoprotein
E7 inactivates the pRb protein, which would otherwise
inhibit p16 transcription. However, because enhance-
ment of p16 MRNA expression is much stronger than
expected only by pRb impairment it has been speculated
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that there are other yet unknown mechanisms of p16
up-regulation by HPV infection.™®

For head and neck squamous cell carcinomas
(HNSCCs), representing the sixth most prevalent cancer
worldwide, high frequency of p16 inactivation has been
reported.’™ 2 However there is a controversy in the liter-
ature about the predominant way of inactivation. Chro-
mosome 9p21 abnormalities were reported as early
events in the development of HNSCC."® Poi and col-
leagues' observed sequence alterations of this locus in
27% of a series of HNSCCs. Other reports favor transcrip-
tional silencing of the p16 promoter by hypermethylation
as a dominant mechanism of inactivation of this tumor
suppressor in HNSCCs.'®'® Loss of p16 expression as
determined by immunohistochemical analysis could be
noted in 547 to 82% ' of the tumors and were associated
with decreased survival.'?

Cancer of the oropharynx has emerged as the second
type of mucosal cancer to be associated with HPV infec-
tion. We recently reported on the prevalence of HPV-DNA
in a series of carefully stratified HNSCCs.'® These and
previous results’® 2 show that DNA of oncogenic HPVs
is present in ~20% of all HNSSCs and in nearly 60% of
tonsillar cancers. Infection with oncogenic HPV types is
associated with increased risk of HNSSC.24726 |n tonsillar
carcinomas quantification of HPV-DNA by laser-assisted
microdissection and real-time quantitative polymerase
chain reaction (PCR) revealed HPV-DNA consistently lo-
cated in the tumor cells with HPV 16 loads comparable to
other HPV-associated cancers.'® Furthermore HPV sta-
tus has been correlated with less differentiated and
basaloid histological appearance, '®23 but better progno-
sis. 92728 Additionally, HPV-positive cases seem to be
less dependent on known risk factors for HNSSC such as
smoking and alcohol abuse.'®'® Altogether, there is ac-
cumulating evidence that HPV-positive tonsillar carcino-
mas may represent a separate tumor entity.?® In the
present study we demonstrate the correlation between
p16 expression and HPV infection in a series of tonsillar
carcinomas and discuss its clinical relevance.

Materials and Methods

Patients and Materials

Thirty-four patients with newly diagnosed and histologi-
cally confirmed tonsillar squamous cell carcinomas were
enrolled. HPV16-positive cervical carcinoma specimens
were used as a positive control. Tumor specimens were
obtained during surgery and stored at —80°C until further
processing. Tumor staging was assessed according to
the 2002 American Joint Committee on Cancer staging
criteria.®® Histological grading was performed in a
blinded manner following the World Health Organization
criteria for squamous cell carcinomas of the oral muco-
sa.3" Patient’s age ranged from 41 to 81 years (median,
61 years). Twenty-five (74%) patients were males and
nine (26%) were females. Three percent of the patients
presented at stage |, 21% at stage I, 21% at stage |ll,
44% at stage 1Va, and 12% at stage IVb (see Table 2). No

patient had distant metastasis (stage IVc) at the time of
diagnosis. Of the patients with stage Vb disease no
patient had unresectable tumors and there was no R2
resection in our series. Because all stage IV patients
underwent additional postoperative chemoradiotherapy
we decided to include R1 patients (n = 4) in our data
analysis.

Sample Preparation, Polymerase Chain
Reaction, and HPV Typing

Tissues were processed as previously described.® After
confirming integrity of DNA by B-globin gene PCR,32 HPV
sequences were detected by highly sensitive nested
PCR protocols with degenerate primers A10/A5-A6/A8 for
HPV group A (genital/mucosal) HPVs®® and CP62/70-
CP65/69a for group B1 (cutaneous/EV) HPVs.®* PCR
products (10 ul) were separated in 2% agarose gels and
visualized by ethidium bromide staining. HPV typing was
performed as previously described.'®

Immunohistochemical Staining

Five-um sections of formalin-fixed and paraffin-embed-
ded biopsy samples were processed by the avidin-biotin-
peroxidase (ABC) method (Vectastain-Elite-ABC Kit; Vec-
tor Laboratories, Burlingame, CA). Sections were
dewaxed by passage through xylene and rehydrated by
a graded series of ethanol, followed by microwave treat-
ment in 10 mmol/L of citrate buffer (pH 6.0) for 15 minutes
at 650 W. Endogenous peroxidase was inactivated by 3%
H,0O, in phosphate-buffered saline (PBS, pH 7.4) for 10
minutes. After rinsing with PBS, nonspecific binding was
blocked with 10% rabbit serum (1:10 dilution; DAKO,
Hamburg, Germany) in PBS for 20 minutes. Sections
were incubated at room temperature for 90 minutes with
two different anti-p16 mouse monoclonal antibodies
(16P04 and 16P07; NeoMarkers, Fremont, CA), respec-
tively. After rinsing thoroughly with PBS the slides were
incubated with biotinylated goat anti-mouse antibody (1:
200 dilution, DAKQO) for 30 minutes. After washing with
PBS sections were incubated with the ABC kit (1:50,
Vector Laboratories) for 30 minutes. Visualization was
performed with diaminobenzidine tetrahydrochloride
(Vectastain-ABC Kit, Vector Laboratories) and sections
were counterstained with hematoxylin. Strong nuclear
staining as well as strong cytoplasmic staining was con-
sidered positive for p16 expression. Immunostaining was
graded and scored on whole sections according to Klaes
and colleagues® as follows: negative (<1% of the cells
were positive), sporadic (isolated cells were positive, but
<5%), focal (small cell clusters, but <25% of the cells
were positive), and diffuse positive (>25% of the cells
were stained). For survival analyses immunoreactivity of
>25% of the tumor cells were scored as p16-positive,
<25% as p16-negative.
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Table 1. Distribution of pl6 Expression in Relation to the HPV Status

Number of cases Diffuse* no. (%) Focalt Sporadic* Negative$
HPV-positive 18 16 (89) 1(6) 1(6) 0 (0)
HPV-negative 16 0 (0) 1(6) 0 (0) 15 (94)
Total 34 16 (47) 2(6) 1(3) 15 (44)

*More than 25% of the cells were stained.
TLess than 25% or small clusters were positive.
*|solated cells, but less than 5% were positive.

SLess than 1% of the cells were positive, overall percentage more than 100 result from rounding.

Laser-Assisted Microdissection

To compare p16 staining and viral load serial sections
were used for microdissection. Five-um sections of for-
malin-fixed and paraffin-embedded tissue samples from
patients with HPV-positive tonsillar carcinoma were
mounted on glass slides covered with a 1.35-um thin
polyethylene membrane (PALM, Wolfratshausen, Ger-
many) and coated with 1% poly-L-lysine. Slides were
deparaffinized and stained with hematoxylin. Microdis-
section was performed using the Robot-MicroBeam sys-
tem (PALM).3® Samples were incubated for at least 3
hours at 55°C in 15 ul of PCR buffer (Life Technologies,
Karlsruhe, Germany) containing proteinase K (400 ug/
ml). Proteinase K activity was inactivated at 95°C for 10
minutes.

Determination of HPV-DNA Load by Real-Time
Quantitative PCR

Viral load of HPV-DNA was determined by real-time fluo-
rescence PCR in the hybridization probe format with the
LightCycler System (Roche Molecular Biochemicals,
Mannheim, Germany) and expressed as HPV16 DNA
copies per B-globin gene copy.'®3® Negative controls
(human placental DNA or water) were included in dupli-
cate in each run and never yielded fluorescence signals
above the background.

Statistical Analysis

p16 and HPV status were analyzed using cross-tabula-
tions and Fisher’s exact test with the SPSS Base System,
version 10.0.7 (SPSS, Chicago, IL). Disease-free survival
and overall survival rates were estimated using the
Kaplan-Meier algorithm for incomplete observations. The
overall survival time was defined as the interval between
the date of diagnosis and the last date when the patient
was known to be alive (censored) or date of death for any
reason (uncensored). The disease-free survival was mea-
sured as the period of time between the date of diagnosis
and the date of the last follow-up examination, in which
the patient was disease-free (censored) or the date of
first recurrence independently if it was a local, regional,
or distant recurrence (uncensored). All patients were
treated according to the same protocol and all patients
were included in disease-free survival analysis. The log
rank test was used to test for differences between sub-

groups. All P values were considered statistically signif-
icant if less than or equal to 0.05.

Results
HPV Status and HPV Typing

HPV sequences were detected in DNA preparations of 18
of 34 tonsillar carcinoma cases (53%). Of these 17 (96%)
carried HPV16 and 1 (6%) HPV33 sequences. In two
tonsillar cancers (12%) double infection was identified by
HPV5/HPV16 and ADX1/HPV16, respectively.

Expression of p16 in Tonsillar Carcinomas

Immunohistochemical staining was performed on paraf-
fin-embedded samples of 34 tonsillar carcinomas using
two anti-p16 mouse monoclonal antibodies (16P04 and
16P07; NeoMarkers, Fremont, CA). Results for both anti-
bodies were equal. According to the criteria of Klaes and
colleagues,® 89% (16 of 18) of the HPV-positive carcino-
mas showed diffuse p16 expression (Table 1). In contrast
94% (15 of 16) of the HPV-negative cancers lacked any p16
immunoreactivity (Figure 1B). The correlation of p16 expres-
sion and HPV status was highly significant (P < 0.001).

In the lesions graded diffusely positive almost all neo-
plastic cells showed strong immunoreactivity for p16 in
the nuclei and many also in the cytoplasm (Figure 1A).
This pattern of p16 immunoreactivity was only found in
neoplastic cells of HPV-positive tonsillar cancers. In gen-
eral, surrounding mesenchymal cells showed no p16
immunoreactivity, but some weak staining was found oc-
casionally in lymphocytes and salivary glands. Nondys-
plastic, peritonsillar squamous cell epithelium was p16-
negative and served as internal negative control (Figure
1C). The pattern of p16 immunoreactivity of the HPV-
positive tonsillar carcinomas was similar to that observed
in HPV-positive cervical carcinomas, which were used as
a positive control (Figure 1D). Only in the HPV-positive
cases did the dysplastic peritonsillar epithelium show
marked p16 expression and the border between dysplas-
tic and normal squamous epithelium was clear and dis-
tinct (Figure 1E). In contrast, the superficial crypt epithe-
lium showed p16 immunoreactivity regardless of the HPV
status of the carcinoma (Figure 1F). The p16 immunore-
activity pattern of the HPV33-positive carcinoma was sim-
ilar to the HPV16-positive cases.
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Figure 1. Immunohistochemical staining for p16 (antibody 16P04). A: Clear and distinct positive staining for p16 is seen in nuclei and cytoplasm of tumor cells
of a HPV-positive tonsillar carcinoma. B: In the HPV-negative tonsillar carcinoma all tumor cells are pl6-negative. C: Strong positive staining of tumor cells of a
HPV-positive carcinoma is surrounded by p16-negative nondysplastic epithelium. D: The pattern of the p16 staining of the tumor cells of the cervical carcinoma
is similar to the HPV-positive tonsillar carcinoma. E: In cases with HPV-positive tonsillar carcinomas areas with dysplastic cell epithelium were p16-positive distinct
to normal epithelium. F: Crypt epithelium adjacent to HPV-positive tumor shows pl6 immunoreactivity in the superficial crypt epithelium (inset: higher
magnification of the crypt epithelium).
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Table 2. Tumor Stage According to HPV Status/pl6 Status and Events

All cases HPV-positive/p16-positive HPV-negative/p16-negative HPV-positive/p16-negative
Stage  Total R* D* Total R D Total R D Total R D
All - 34 (100%) 15/34 (44%) 9/34 (27%) 16 (100%) 3/16 (19%) 4/16 (25%) 16 (100%) 10/16 (63%) 4/16 (25%) 2 (100%) 2/2 (100%) 1/2 (50%)
| 1(3%) 1 0 0(0%) 0 0 1(6%) 1 0 0(0%) 0 0
Il 7(21%) 3 1 3(19%) 1 1 4 (25%) 2 0 0 (0%) 0 0
1] 7(21%) 3 1 3(19%) 1 1 3 (19%) 1 0 1(50%) 1 0
IVa 15 (44%) 5 6 8 (50%) 0 2 6 (38%) 4 3 1 (50%) 1 1
Vb 4(12%) 3 1 2(13%) 1 0 2(13%) 2 1 0(0%) 0 0

*R, recurrence; D, deaths. There were no HPV-negative/p16-positive tumors. No patient had stage IVc disease. Immunoreactivity of more than 25%
of the tumor cells were scored as p16-positive, less than 25% as p16-negative.

Laser-Assisted Microdissection and Real-Time
Quantitative PCR

To compare p16 staining and viral load laser-assisted
microdissection followed by real-time quantitative PCR
was performed for 12 HPV16-positive cases to determine
HPV-DNA load in p16-positive neoplastic cells. For reli-
able determination of HPV16 DNA load only samples with
at least 10 B-globin genes were accepted. Viral load in
lesions with strong and diffuse p16-positive expression
ranged from 1 to 408 HPV16 copies per B-globin gene
copy, respectively. In contrast, only focal p16 immunore-
activity was observed in one case judged to be HPV16-
positive on the base of HPV16 sequences detected by
nested PCR in DNA preparations from whole tumor sec-
tions. After microdissection quantitative HPV16-PCR was
negative in this case. The viral load of the DNA prepara-
tions from whole tumor section was 6.6 X 10~* HPV16
copy per B-globin copy. Among cases with diffuse p16
staining no significant correlation between the extent of
the p16 staining and viral load could be observed.

Survival Analysis

To determine the predictive value of the HPV status and
p16 immunoreactivity for prognosis we analyzed our 34
cases for disease-free survival and overall survival. The
tumor stages of all cases in relation to p16 status/HPV
status and events are given in Table 2. The distribution of
tumor stages was similar between HPV-positive/p16-pos-
itve and HPV-negative/p16-negative cases. Twenty-
seven percent of all patients died and 44% had a tumor
recurrence. Deaths were observed in equal proportions
in the HPV-positive/p16-positive and HPV-negative/p16-
negative group (25%). However, recurrences were ob-
served significantly more frequently in HPV-negative/
p16-negative patients than in the HPV-positive/p16-
positive group (19% versus 63%, P = 0.028; Fishers
exact test). The two patients with HPV-positive/p16-neg-
ative tumors suffered from a tumor recurrence. The me-
dian follow-up period was 33 months with a maximum of
57 months; 76% of the patients were followed for at least
12 months. Using the Kaplan-Meier algorithm for the
complete study sample the 4-year disease-free and over-
all survival rates were 33% and 62%, respectively. Strat-
ification for HPV status revealed a trend toward better
prognosis for HPV-positive patients compared to HPV-
negative cases, however the difference in the disease-

free survival curves between the two groups was not
significant (log rank test, P = 0.06). The 4-year overall
survival rates among HPV-positive and HPV-negative
cases were 71% versus 51%, and for disease-free sur-
vival 45% versus 22%. Using p16 immunoreactivity for
stratification revealed a significant difference for disease-
free survival curves between p16-positive and p16-neg-
ative patients (P = 0.02, log rank test; Figure 2). The
4-year disease-free survival rates were 70% for p16-
positive and 18% for p16-negative cases. Analysis of the
overall survival reached neither significant differences for
HPV nor for p16 as predictor (P = 0.97 and P = 0.77, log
rank test).

Discussion

With regard to biological behavior and prognosis
HNSCCs are a heterogeneous group of malignancies.®”
Although many clinical and biological parameters have
been discussed to predict prognosis, no clear marker
could be defined so far. We and others demonstrated in
recent studies that ~60% of tonsillar carcinomas are
infected by oncogenic HPV,'® predominantly HPV16.
Measured viral loads were comparable to those ob-
served in cervical carcinomas (SJ Weissenborn and col-
leagues, personal communication). Furthermore, patients
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Figure 2. Disease-free survival curves were generated by the Kaplan-Meier
method and compared using the log-rank test. Probability of the disease-free
survival was significantly better in p16-positive patients (immunoreactivity of
>25% of the tumor cells were scored as p16-positive, <25% as pl6-negative).



752  Klussmann et al
AJP March 2003, Vol. 162, No. 3

with HPV-positive carcinomas tend to have significantly
lower exposure to known risk factors for HNSSC.'®27
Also serological studies have shown that HPV-16 sero-
positive patients have an increased risk for the develop-
ment of a tonsillar carcinoma.?*

There is now increasing evidence that HPV-associated
tonsillar carcinomas represent a different tumor entity,
distinct from other HNSCCs in regards to risk factors and
tumor biology.?® Moreover, improved survival of HPV-
positive HNSCCs has been shown,?® which might be the
result of a higher sensitivity to radiation therapy.?” This is
in accordance with the observation that HPV status and
p53 mutations are inversely correlated®® and tumors with
intact p53 are more susceptible to radiation-induced ap-
optosis.®® There are, however, conflicting observations
concerning physical status and expression of viral se-
quences in HNSCCs.?8“° To identify this subgroup of
head and neck cancers molecular approaches as PCR-
based techniques are hardly applicable in a routine pa-
thology because of technical obstacles and extensive
costs.

Functional loss of p16 has been reported for many
human cancers, whereas in HPV-associated cervical car-
cinomas p16 overexpression has been observed. As the
HPV E7 oncogene product inhibits the activity of the pRb
protein, p16 is up-regulated via the loss of the negative
feedback control of pRb expression. It could be demon-
strated that p16 is a specific biomarker that can routinely
be used to identify dysplastic cervical epithelia.® Further-
more p16 immunostaining has been shown to identify
lesions with relevant viral oncogene expression.*" In this
study we demonstrate that p16 immunohistochemical
staining of neoplastic cells may be used as a surrogate
marker for HPV status of tonsillar carcinomas. Using pre-
viously described grading criteria to evaluate p16 immu-
noreactivity® revealed a highly significant correlation of
p16 and HPV status. To use p16 immunoreactivity as
predictor for survival we scored all lesions with diffuse
p16 immunoreactivity as positive and all other staining
patterns as negative. According to this grading all HPV-
negative tonsillar cancers were considered to be nega-
tive for p16 immunoreactivity. Of the HPV-positive cases
16 of 18 (89%) had diffuse p16 expression in the neo-
plastic cells (Figure 1, A and C). One exceptional case
with only focal p16 immunoreactivity turned out to have a
very low HPV16 viral load, suggesting that the oncogenic
role of HPV16 in this tumor may be questionable. HPV-
DNA load determination using microdissected tumor
cells demonstrated that neoplastic cells with clear p16
overexpression contain 1 to 408 HPV16 copies per B-glo-
bin copy. Viral loads are comparable to loads that were
measured in cervical carcinomas (SJ Weissenborn and
colleagues, personal communication). In HPV-positive
carcinomas strong p16 expression could be shown in
dysplastic lesions whereas the adjacent normal epithe-
lium was p16-negative. In contrast, in the HPV-negative
carcinomas, dysplastic epithelium showed no p16 immu-
noreactivity. p16 expression in crypt epithelium was seen
in both HPV-positive and -negative cases, which impli-
cates other mechanisms of p16 activation in this special-
ized epithelium.

11,12

p16 inactivation has been reported for HNSCCs,
but was not correlated to HPV status. Furthermore, pre-
vious studies on p16 expression in HNSCCs did not focus
on tonsillar carcinomas, now known to be preferably as-
sociated with oncogenic HPV. In our study HPV-positive/
p16-positive tumors had a lower recurrence rate than the
HPV-negative/p16-negative cases. The survival analysis
of tonsillar carcinoma patients revealed a trend for better
prognosis for the HPV-positive cases as compared to the
HPV-negative cases. Immunostaining of p16 predicted
disease-free survival, but not overall survival in our series.
In view of the rather small number of cases and the
relatively short follow-up time, the true predictive power of
p16 immunostaining will have to be elucidated for larger
cohorts of patients with longer clinical follow-up.

In conclusion, p16 expression is highly correlated with
HPV status in tonsillar cancers. p16 immunoreactivity is
likely to result from transcriptionally active HPV infection
thus underlining the hypothesis that HPV-positive tonsillar
carcinomas represent a biologically different tumor entity.
If our results will be confirmed in future studies p16 could
be a discriminator that is easily applicable in a routine
pathology and become the basis of treatment decisions
based on histological features rather than on staging
alone.
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