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P21CciPVWAFT expression is strongly associated
with HPV-positive tonsillar carcinoma and
a favorable prognosis
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Human papillomavirus is involved in the carcinogenesis of tonsillar squamous cell carcinomas. Here, we
investigated the expression and the prognostic value of key cell cycle proteins in the pRb and p53 pathways in
both human papillomavirus type 16-positive and -negative tonsillar squamous cell carcinomas. Using
immunohistochemistry, 77 tonsillar squamous cell carcinomas with known human papillomavirus type 16
status and clinical outcome were analyzed for expression of Ki67, p16'N“**- cyclin D1, pRb, p14*fF, MDM2, p53,
p21CPWAR "and p27<'"'. Results were correlated with each other and with clinical and demographic patient data.
A total of 35% of tonsillar carcinomas harbored integrated human papillomavirus type 16 DNA and p16™4*
overexpression, both being considered essential features for human papillomavirus association. These tumors
also showed the overexpression of p14fF (P<0.0001) and p21¢*"/WAF1 (p—(0,001), and downregulation of pRb
(P<0.0001) and cyclin D1 (P=0.027) compared with the human papillomavirus-negative cases. Univariate Cox
regression analyses revealed a favorable survival rate for non-smokers (P=0.006), as well as for patients with
T1-2 tumors (P<0.0001) or tumors showing low expression of cyclin D1 (P=0.028), presence of human
papillomavirus and overexpression of p16™K** (P=0.01), p14*fF (P=0.02) or p21CPVWAF (pP—0.004). In
multivariate regression analyses, smoking and tumor size, as well as expression of cyclin D1 and p21CiP"/WAF1,
were found to be independent prognostic markers. We conclude that human papillomavirus positivity in
tonsillar squamous cell carcinomas strongly correlates with p21P"WAF! and p14~"F overexpression and
downregulation of pRb and cyclin D1. In particular p21¢P"WAF1 gyerexpression is an excellent favorable
prognosticator in tonsillar squamous cell carcinomas.
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Head-and-neck squamous cell carcinoma is the sixth
most prevalent malignancy in the world, contri-
buting 6% of new cancer cases annually
worldwide."* These tumors have a 5-year survival

rate of approximately 50%, which has not improved
in the last two decades.? Well-recognized risk factors
in the etiology of head-and-neck squamous cell
carcinomas are extensive tobacco and alcohol
consumption in ~90% of cases, as well as
oncogenic human papillomaviruses (HPVs), predo-
minantly HPV type 16.>* Interestingly, the associa-
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tion of HPV is strongest for tonsillar squamous
cell carcinoma with a prevalence up to 50%.>®
The diagnosis of HPV positivity in head-and-
neck squamous cell carcinomas appears to have
significant prognostic implications. In one study,
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Table 1 Clinicopathological features and cell cycle protein expression in relation to HPV status

Characteristic All TSCC HPV-positive TSCC HPV-negative TSCC Fisher’s exact test
n=77 (%) n=27(35%) n=2>50 (65%) P-value

Cell cycle proteins

Ki67
Positive 75 (97) 26 (96) 49 (98) NS
Negative 2 (3) 1 (4) 1(2)

pIBINK4A
Positive 29 (38) 27 (100) 2 (4) <0.0001
Negative 48 (62) 0 (0) 48 (96)

Cyclin D1 >5%
Positive 33 (43) 7 (26) 26 (52) 0.027
Negative 44 (57) 20 (74) 24 (48)

Cyclin D1 >50%
Positive 12 (16) 2 (7) 10 (20) NS
Negative 65 (84) 25 (93) 40 (80)

pRb>20%
Positive 62 (80) 22 (81) 40 (80) NS
Negative 15 (20) 5 (19) 10 (20)

PRb intensity in tumor> intensity in adjacent squamous epithelium
Positive 41 (53) 4 (15) 37 (74) <0.0001
Negative 36 (47) 23 (85) 13 (26)

p14ARF
Positive 34 (44) 20 (74) 14 (28) <0.0001
Negative 43 (56) 7 (26) 36 (72)

MDM2
Positive 23 (30) 10 (37) 13 (26) NS
Negative 54 (70) 17 (63) 37 (74)

ps3
Positive 39 (51) 10 (37) 29 (58) NS
Negative 38 (49) 17 (63) 21 (42)

p21Cip1/WAF1
Positive 32 (41) 17 (63) 15 (30) 0.008
Negative 43 (56) 10 (37) 33 (66)
Unknown 2 (3) 2 (4)

p27KIP1
Positive 25 (32) 9 (33) 16 (32) NS
Negative 49 (64) 18 (67) 31 (62)
Unknown 3 (4) 3 (6)

Clinicopathological variables

Gender
Female 20 (26) 9 (33) 11 (22) NS
Male 57 (74) 18 (67) 39 (78)

Age (years)
<60 41 (53) 13 (48) 28 (56) NS
>60 36 (47) 14 (52) 22 (44)

Death due to TSCC
Yes 41 (53) 8 (29) 33 (66) 0.002
No 33 (43) 18 (67) 15 (30)
Unknown 3 (4) 1 (4) 2 (4)

Death due to any cause
Yes 48 (62) 10 (37) 38 (76) <0.0001
No 26 (34) 16 (59) 10 (20)
Unknown 3 (4) 1 (4) 2 (4)

Smoking®
Yes 64 (83) 17 (63) 47 (94) <0.0001
No 12 (16) 10 (37) 2 (4)
Unknown 1(1) 1(2)

Alcohol
Yes 46 (60) 12 (44) 34 (68) 0.024
No 29 (38) 15 (56) 14 (28)
Unknown 2 (2) 2 (4)

Smoking and/or alcohol
Yes 68 (88) 20 (74) 48 (96) 0.002
No 8 (10) 7 (26) 1(2)
Unknown 1 (1) 1(2)

Smoking and alcohol
Yes 42 (54) 9 (33) 33 (66) 0.003
No 33 (43) 18 (67) 15 (30)
Unknown 2 (3) 2 (4)
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Table 1 Continued

Characteristic All TSCC HPV-positive TSCC HPV-negative TSCC Fisher’s exact test
n=77 (%) n=27(35%) n=>50 (65%) P-value

TNM classification
Stage 0-3 39 (51) 13 (48) 26 (52) NS
Stage 4 37 (48) 14 (52) 23 (46)
Unknown 1(1) 1(2)

T classification
<4cm (T 1-2) 37 (48) 17 (63) 20 (40) NS
>4cm (T 3-4) 39 (51) 10 (37) 29 (58)
Unknown 1(1) 1(2)

Tumor grade®
Poor/moderate 63 (82) 24 (89) 39 (78) NS
Well 10 (13) 2 (7) 8 (16)
Unknown 4 (5) 1(4) 3 (6)

Lymph node metastasis
Positive 55 (71) 22 (81) 33 (66) NS
Negative 21 (27) 5(19) 16 (32)
Unknown 1 (1) 1(2)

Recurrent disease
Yes 16 (21) 4 (15) 12 (24) NS
No 32 (41) 16 (59) 16 (32)
Never disease free 29 (38) 7 (26) 22 (44)

HPV, human papillomavirus; NS, not significant; TSCC, tonsillar squamous cell carcinoma.
“Patiens were classified as daily tobacco smokers (>1 cigarette, pipe, and/or cigar per day) or non-smokers (never smokers or patients who had

stopped smoking more than 10 years before the diagnosis of TSCC).

PPatients were classified as drinkers (consumption of >2 whiskey equivalents per day (one whiskey is equivalent to ~10g alcohol).

“Tumor grade was scored as well, moderately, or poorly differentiated according to the criteria of the World Health Organization.

these patients had <50% chance of dying
from the disease compared with HPV-negative
tumors.®

It has been shown that there are several differ-
ences between HPV-positive and -negative head-
and-neck squamous cell carcinomas. Despite the
fact that HPV positivity in head-and-neck squamous
cell carcinomas is an indicator for favorable prog-
nosis, from a clinical point of view these tumors are
often poorly differentiated*®'°** and metastasized
to lymph nodes at presentation.’®'" Furthermore,
HPV-positive tumors are often smaller at first
diagnosis (diameter <4cm),"® and associated with
low/no exposure to alcohol and tobacco.’®'" At the
molecular level, the functional inactivation of two
key tumor suppressor proteins, ie, p53 and pRb by
the HPV-derived oncoproteins E6 and E7, often
result in the downregulation of p53, pRb, cyclin D1,
and a strong upregulation of p16™%** in HPV-
positive tumors.>”'**® HPV-negative tumors, in
contrast, often show inactivation of p16™%*4, p53
overexpression as a result of gene mutations, cyclin
D1 gene amplification and overexpression, as well
as EGFR accumulation.®"”~"?

The literature, however, shows conflicting
data with respect to HPV-associated characteristics
and clinical outcome of head-and-neck squamous
cell carcinomas. First, although many studies
describe a significant association between HPV
presence and favorable prognosis, some studies
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did not find such a correlation.?*** Second, HPV
has also been identified in head-and-neck squamous
cell carcinomas of smokers, significantly reducing
its favorable effect on clinical outcome.™ Further-
more, despite the fact that regional lymph node
metastasis is considered as the most important
prognostic factor in head-and-neck squamous cell
carcinomas,”® this parameter seems to be unreliable
in tonsillar squamous cell carcinomas.?*** Finally,
some studies reported overexpression and/or p53
mutations almost exclusively in HPV-negative tu-
mors,?° whereas others have found that HPV infec-
tion and p53 alterations can coexist.?® This may
have a strong effect on survival, because it has been
indicated that tumors with intact p53 are still
capable of inducing apoptosis in response to radia-
tion therapy, which results in a favorable clinical
outcome.*”

This study was undertaken to investigate the
expression of key cell cycle proteins in the pRb
pathway (p16™%** cyclin D1, p27%** pRb) and the
p53 cascade (p14°%F MDM2, p53 and p21¢iP/WAr)
using a series of 77 tonsillar squamous cell carcino-
mas for which the HPV16 status and the clinical
follow-up data were available. Tonsillar squamous
cell carcinomas show the highest prevalence of
oncogenic HPV and are thus ideally suited to search
for molecular and clinicopathological differences
induced by either HPV, or tobacco and alcohol
consumption.



Table 2 Primary antibody characteristics and used evaluation criteria

References

Evaluation criteria for positivity

Antibody characteristics and tissue pretreatment

If % tumor cells with nuclear staining (+, ++, +++)°

Company®

Tissue
pretreatment® (min)

Raised  Isotype Dilution

monoclonal/
polyclonal

Antibody
clone

Antigen

29-31

>20%

Dako A/S

3 x5

1:50
1:25
1:50¢

IgG

Ki-67 Mono Mouse

Ki67

P 161NK4A

10,15,32

>25% and/or >25% cytoplasmatic staining

(1) >5%, and (2) >50%

Dako A/S

40
3x5
3 x5

Mono Mouse IgG

E6H4
SP4

IgG

29,33,34

Labvision

Rabbit

Mono

Cyclin D1
pRb

7,16,33

(1) Intensity in tumor > intensity in adjacent

squamous epithelium, and (2) >20%

Novocastra

Mono Mouse  IgM 1:50¢

84-B3-1

31

>30% and/or any nucleolar staining

>10%
>10%
>10%
> 100/0

Labvision
Zymed

3x5
10
3x5
3x5
3 x5

1:100

1:50°

IgG

Rabbit

Poly

P14ARF

35

IgG

IF2 Mono Mouse

MDM2

p53

7,30,31,34,35

Dako A/S

1:50
1:100
1:20

IgG

Mono Mouse

DO-7
70

29,30,35,36

BD Biosciences
Monosan

IgG

Mouse

Mono

p21Cip1/WAF1

p27Kip1

30,36

IgG

Mouse

Mono

1B4

#Microwave heating in 0.01 M citrate buffer (pH 6.0).

b

Companies: Dako A/S, Glostrup, Denmark; Labvision, Fremont, USA; Novocastra, Newcastle upon Tyne, UK; Zymed, South San Francisco, USA; BD Biosciences, San Jose, USA; Monosan, Uden,

The Netherlands.

®+ positive, ++ strongly positive, +++ extremely positive.

d

Primary antibody incubation overnight instead of 1-h period.

Detection of primary antibody by Powervision (Dako) instead of avidin—biotinylated peroxidase complex.

e
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Materials and methods
Tumor Material and Patient Data

Formaldehyde-fixed, paraffin-embedded archival
biopsy and resection material of primary tonsillar
squamous cell carcinomas from 77 patients was
selected from the archives of the Department of
Pathology, Maastricht University Medical Center,
The Netherlands. This material had been previously
examined for HPV-specific DNA by means of
PCR and FISH, and only showed the presence of
oncogenic HPV16."* Demographic data, including
age at diagnosis, gender, alcohol and tobacco expo-
sure, treatment modality, and date and cause of
death were obtained from the medical records.
Tumor site, degree of differentiation (ie, well, mode-
rately, or poorly differentiated), and TNM classifica-
tion were determined from review of pathological,
radiological, and surgical reports. All patients were
treated by surgery, radiotherapy, chemotherapy, or a
combination, irrespective of HPV status. The study
protocol was approved by the institutional ethical
committee, and all patients gave informed consent.
Table 1 provides demographic and clinical features
of the 77 patients included in this study. Fifty-seven
patients were male and 20 patients were female. The
mean age at diagnosis was 58.8 (range 39-87) years.
Data on smoking and alcohol intake were obtained
from 76 and 75 patients, respectively. A total of 64
(84%) of 76 patients were smokers (>1 cigarette,
pipe, and/or cigar per day) and 46 (61%) of 75
patients were classified as drinkers (consumption
of >2 whiskey equivalents per day (one whiskey
equivalent is ~10g alcohol)). Forty-two (55%)
patients used both tobacco and alcohol, whereas
only eight (10%) patients had not been subjected
to these intoxications. Thirty-nine (51%) patients
had a tumor with a diameter >4 cm, and 55 (71%)
had lymph node metastasis at the time of diagnosis.
Tumor grade was poor or moderate in 63 (82%)
patients, well differentiated in 10 (13%) patients,
unavailable in 3 patients (4%), and 1 patient (1%)
had a carcinoma in situ. Following primary treat-
ment, 29 (38%) patients never became disease-free,
16 (21%) developed a recurrent disease (locoregio-
nal, regional, or distant), and 32 (42%) patients
remained disease-free after primary treatment.

A series of 4-um thick sections was cut from the
specimens for hematoxylin—eosin staining and a
detailed histopathological classification (FJB) was
given according to the criteria of the World Health
Organization.”® Furthermore, we applied immuno-
histochemistry to visualize Ki67, p16™%* cyclin D1,
pRb, p144%" MDM2, p53, p21©PVWAI apnd p27Xkiet
expression.

Immunohistochemical Staining

Immunohistochemical protein staining on 4-pm
thick formaldehyde-fixed, paraffin-embedded tissue
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sections was carried out as described earlier.”
Briefly, sections were deparaffinized and subse-
quently pretreated with 2% H,O, in methanol for
30min to quench endogenous peroxidase activity.
Antigen retrieval was carried out by microwave
heating in 0.01-M citrate buffer (pH 6.0). The primary
antibodies used to detect Ki67, p16™** cyclin D1,
pRb, p14**" MDM2, p53, p21©PVWAF "and p275iP* are
listed in Table 2. After incubation with a biotinylated
secondary antibody, immunohistochemical detection
was performed by an avidin-biotinylated peroxi-
dase complex (ABC) procedure (Vectastain-Elite-
ABC kit; Vector, Burlingame, USA). Peroxidase
activity was detected using 0.5 mg/ml diaminobenzi-
dine/2% H,0,. Sections were counterstained with
hematoxylin and mounted in Entellan (Merck,
Darmstadt, Germany). In each analysis, negative
and positive controls were included. Analysis was
carried out by three independent observers (JJM,
EJMS, and SMHC), and in case of interobserver
variations, consensus was reached by combined
examination of the slides. Both staining intensity
(-, +/—, +, ++, + + +) and the percentage of
stained tumor cells were scored. Evaluation criteria
for positive scoring of each of the cell cycle proteins
are listed in Table 2.

Statistical Analysis

The study population consisted of 77 patients with a
tonsillar squamous cell carcinoma diagnosed be-
tween 1992 and 2001. Tumors were considered to be
HPV-associated if they showed HPV16 presence by
in situ hybridization analysis, in addition to the
overexpression of p16™*4 as detected by immuno-
histochemistry. Factors associated with HPV status
were selected on cross-tabulations, which were
analyzed by the use of the two-tailed Fisher’s exact
test and/or y*-test. The maximum significance levels
are indicated for all analyses (P<0.05). Disease-
specific survival curves were calculated using the
Kaplan—Meier method. Survival was calculated
from the date of diagnosis until patient’s death or
until the last date the patient was known to be alive
(this ranged from 16 to 141 months). Patients who
died of other causes than tonsillar carcinoma were

<
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considered censored observations in the disease-
specific survival analyses. Disease-free survival was
calculated from the date of diagnosis until the date
of recurrence (local, regional, or distant, whichever
occurred first). Patients without recurrence were
censored at the date of the last follow-up or at the
date of death. The statistical significance of differ-
ences between survival times as determined by the
log-rank test in univariate analysis. Multivariate
analyses were performed using the Cox proportional
hazards model. Variables in the multivariate model
included HPV association, T classification, smoking,

and cyclin D1-, p142%F- and p21“PYWAF gxpression.
Variables remained in the model if their
P-values were <0.10. All calculations were

performed by the use of the SPSS Base System
version 12.0.1.

Results
Cell Cycle Protein Expression

Seventy-seven tonsillar squamous cell carcinomas
were examined for expression of the cell cycle
proteins Ki67, p16™*** cyclin D1, pRb, p14°%"
MDM2, p53, p21CPYWAFL gnd p27%Pl uging the
primary antibodies and evaluation criteria stated in
Table 2. Representative immunostaining results in
normal epithelium, and tumor tissues are shown in
Figure 1. The frequency of tumors exhibiting the
expression of the respective proteins is presented in
Figure 2a. In all, 75 out of 77 (97%) tonsillar
squamous cell carcinomas showed strong, nuclear
Ki67 expression in 30-90% of the tumor cells
(Figure 1a). Also nuclear pRb staining was often
observed in tonsillar carcinomas (62 out of 77 cases,
81%), although two subsets were identified with a
difference in staining intensity (ie, tumors showing
< or > intense immunostaining than present in the
adjacent squamous epithelium. Figure 1d and j,
respectively). A significant association was seen
between the overexpression of pRb (a higher nuclear
staining intensity in tumor cells than in the adjacent
normal squamous epithelium) and p53 accumula-
tion (P=0.017). Both overexpression of p53 and
p219P/WARL correlated independently with the ac-
cumulation of MDM2 (Figure 1k; P=0.030 and

Figure 1 Representative examples of immunohistochemical staining on tissue sections for (a) Ki67, (b) p16™%** (¢) p14**" (d, j) pRb, (e, i)
cyclin D1, (f) p21¥iP¥/WAF (g h) p53, (k) MDM2, and (1) p27%"**. Sections are from HPV-positive tonsillar squamous cell carcinomas (a—g),
HPV-negative tonsillar squamous cell carcinomas (h-1) and adjacent squamous epithelium (a, b, d—g; lower image). Evaluation criteria as
described in Materials and methods section. (a) Strong nuclear Ki67 staining in tumor cells and parabasal epithelial cells; (b) strong and
diffuse p16™%*# staining in tumor cells, predominantly cytoplasmatic; epithelium negative; (c) strong and diffuse nuclear p14**" staining
(higher image). Some tumors show a rather nucleolar-like immunostaining (lower image). (d) Weak/no nuclear pRb staining in tumor
cells in comparison with adjacent normal squamous epithelium. (e) Weak/no nuclear cyclin D1 staining in tumors cells; parabasal
epithelial cells weakly positive; (f) strong nuclear p21P"WAF! gtaining in tumor cells; some (para)basal epithelial cells weakly positive;
(g) low frequency of tumor cells positive for nuclear p53; some (para)basal epithelial cells weakly positive; (h) high frequency of tumor
cells positive for nuclear p53; (i) high frequency of tumor cells positive for nuclear cyclin D1; (j) strong nuclear pRb staining in tumor
cells; (k) low frequency of tumor cells showing strong and nuclear MDM2 staining; (1) weak to strong nuclear immunostaining for p27%ie*
in tumor cell areas as well as in adjacent lymphocyte areas. Magnification: x 40 (a—c (higher image), d—i, k-1), x 120 (j) and x 200

(c; lower image).
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Figure 2 (a) Cell cycle protein expression in tonsillar squamous cell carcinomas according to the evaluation criteria presented in Table 2.
(b) Fraction of HPV-positive and HPV-negative tonsillar squamous cell carcinomas showing expression of individual cell cycle markers
(see Table 2 for the used criteria for positivity of each individual cell cycle marker).

0.004, respectively), but not with each other (data
not shown; Supplementary Table 1). In addition,
there was a significant association between the
overexpression of p16™*** and that of both p14#FF
(P<0.0001) and p21©PYWAF1 (P=0.027; Figure 1b, ¢
and f). In case of p14”®" overexpression in the
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tumor, a diffuse nuclear staining pattern was more
often observed than nucleolar staining (Figure 1c,
above and below, respectively). Furthermore,
p16™&4A accumulation strongly correlated with both
downregulation of pRb (P<0.0001) and cyclin D1
(P=0.035; Figure 1d and e).



Staining of normal tonsillar squamous epithelium
was seen in the basal or parabasal cell layers for
Ki67, cyclin D1, pRb, p21©P¥WAF "and p53, varying
from low to high intensities (Figure 1a, b, d—g). This
squamous epithelium, present in the individual
sections, was used as an internal positive control.
In p142%F- and p27%P'-stained sections, adjacent
lymphocyte infiltration often showed a strong
cytoplasmatic and nuclear staining, respectively,
and therefore served as the internal positive control
(Figure 11).

Correlations Between HPV Status, Expression of Cell
Cycle Proteins, and Clinicopathological Variables

The correlations between each cell cycle marker and
HPV status are shown in Table 1 and Figure 2b.
HPV-associated tonsillar squamous cell carcinomas
showed significantly more often overexpression of
p142% (P<0.0001) and p21©PYWAF (P=0.008), and
downregulation of pRb (P<0.0001) and cyclin D1
(P=0.027) than HPV-negative tumors. P53 accumu-
lation tended to be associated with the absence of
HPV (P=0.079).

The male/female ratio and the age distribution
were similar for the HPV-positive and HPV-negative
subgroups. Smoking and alcohol abuse were seen
significantly more often in the HPV-negative patient
group (P<0.0001 and P=0.024, respectively).
HPV-positive tumors tended to be smaller than
HPV-negative tumors (P=0.065). Male patients were
more often diagnosed with a T3—4 tumor (P = 0.006),
and were more often smokers (P=0.011).

Indicators for Disease-Specific Patient Survival

To determine whether or not cell cycle protein
expression patterns and clinicopathological para-
meters can be used as indicators of prognosis, we
correlated these with the disease-specific survival
data of patients with tonsillar squamous cell
carcinoma (Table 3). Two patients died postopera-
tively, due to bleeding and aspiration, and from one
patient, no follow-up data were available. These
patients were excluded from the analyses. Follow-
up time ranged from 0 to 141 months, with a mean of
30 months. A total of 41 (55%) of 74 patients died as
a consequence of tonsillar carcinoma. The survival
after 5 years was 31% for patients with a HPV-
negative tumor and 69% for patients with a HPV-
positive carcinoma (Hazard ratio (HR)=0.4; 95%
confidence interval (CI)=0.2—-0.8). Besides the
absence of HPV, the following parameters were
also significantly associated with a shorter disease-
specific survival according to Univariate Cox regres-
sion analysis: (1) smoking (HR=5.8; 95% CI=1.4—
24.1), (2) a tumor diameter > 4cm (HR=3.1; 95%
CI=1.6-6.0), (3) development of recurrent disease
(HR=14.1; 95% CI=3.9-51.1), (4) no/low expres-
sion of either p14*%" (HR=2.2; 95% CI=1.1-4.3)
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or p21©iPVWAFR (HR =2.7; 95% CI=1.3-5.5), and (5)
positive cyclin D1 immunostaining in >50% of
tumor cells (HR=2.2; 95% CI=1.1-4.7). Gender,
age at diagnosis, alcohol use, tumor grade, TNM-
stage, lymph node status, and the remaining cell
cycle markers were not related to disease-specific
survival.

The parameters that were significantly correlated
with disease-specific survival in the univariate
analysis, ie, HPV status, tumor size, smoking, and
immunostaining of p144%" p219PYWAF and cyclin
D1, were included in the multivariate Cox regres-
sion analysis. Development of recurrent disease was
not included for multivariate analysis, because this
factor cannot be predicted at time of diagnosis, so
the clinical impact is of less importance. Table 4
shows that four of the six parameters, ie, tobacco
consumption, tumor diameter >4cm, no/low
p21CPYWAT jmmunostaining, or strong cyclin D1
immunostaining, were the most optimal indicators
of cancer-specific death, with tumor size and
p21CPYWAT immunostaining being the most signifi-
cantly correlated. In Figure 3, the Kaplan—-Meier
curves for these four parameters are shown.

Discussion

In this study, we examined the expression of
cell cycle-related constituents in a series of 77
tonsillar squamous cell carcinomas with the goal
to determine their role in HPV-dependent and
HPV-independent carcinogenesis. Furthermore,
their prognostic value was evaluated by correlating
the results with clinical follow-up data. Our results
show that HPV16-positive tumors exhibit p144%F
and p21©PYWAT gyerexpression and downregula-
tion of pRb and cyclin D1 in contrast to HPV16-
negative tumors. Secondly, tumor size and p21°P"
WAF1 positivity are the strongest independent in-
dicators for a favorable outcome in patients with
tonsillar squamous cell carcinoma.

All tonsillar squamous cell carcinomas, except
one HPV-positive and one HPV-negative tumor,
showed a high expression of Ki67, indicating that
almost all tumors contained a high percentage of
proliferative cells, which is in agreement with other
studies on head-and-neck squamous cell carcino-
mas.*” In addition, high expression levels of inhi-
bitors of apoptosis, such as BclX;, and survivin, have
been reported in head-and-neck squamous cell
carcinomas.*®**' Expression of pRb was detected in
81% of the tumors. Approximately half of all tumors
showed strong nuclear expression in the tumor
cells, with expression levels equal to or higher than
the adjacent normal squamous epithelium, whereas
pRb downregulation was observed in the remaining
cases. In our study, p53 overexpression was
observed in little more than half of all tonsillar
carcinomas, which 1is consistent with other
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Table 3 Influence of HPV-related and clinicopathologic parameters on disease-specific survival in 74 patients with TSCC, as determined
by univariate Cox proportional hazard regression analysis

Variable Total Death (%) P-value® Unadjusted HR (95% CI)

Cell cycle proteins

Ki67

Positive 72 40 (56) NS 1.5 (0.2-10.9)

Negative 2 1 (50) 1 (referent)
p161NK4A

Positive 28 10 (36) 0.029 0.5 (0.2—0.9)

Negative 46 31 (67) 1 (referent)
Cyclin D1 >5%

Positive 31 20 (65) 0.060 1.8 (1.0-3.4)

Negative 43 21 (49) 1 (referent)
Cyclin D1 >50%

Positive 11 9 (82) 0.028 2.2 (1.1-4.7)

Negative 63 32 (51) 1 (referent)
pRb >20%

Positive 61 35 (57) NS 1.5 (0.6-3.5)

Negative 13 6 (46) 1 (referent)
pRD intensity in tumor> intensity in adjacent squamous epithelium

Positive 40 25 (62) NS 1.5 (0.8-2.9)

Negative 34 16 (47) 1 (referent)
p14AHF

Positive 33 12 (36) 0.020 0.5 (0.2-0.9)

Negative 41 29 (71) 1 (referent)
MDM2

Positive 22 10 (45) NS 0.8 (0.4-1.7)

Negative 52 31 (60) 1 (referent)
p53

Positive 37 22 (59) NS 1.2 (0.7-2.2)

Negative 37 19 (51) 1 (referent)
leﬂip1/WAF1

Positive 30 10 (33) 0.004 0.4 (0.2-0.8)

Negative 43 31 (72) 1 (referent)

Unknown 1
p27KIP1

Positive 25 14 (66) NS 1.2 (0.6-2.3)

Negative 47 26 (55) 1 (referent)

Unknown 2

Clinicopathological variables

Gender
Male 55 33 (60) 0.084 1 (referent)
Female 19 8 (42) 1.9 (0.9-4.2)
Age (years)
<60 41 24 (58) NS 1 (referent)
>60 33 17 (52) 0.8 (0.4-1.5)
Smoking®
No 11 2 (18) 0.006 1 (referent)
Yes 63 39 (62) 5.8 (1.4-24.1)
Alcohol
No 29 16 (55) NS 1 (referent)
Yes 45 25 (56) 1.1 (0.6-2.0)
Smoking and/or alcohol
No 8 1(12) 0.015 1 (referent)
Yes 66 40 (61) 7.9 (1.1-57.7)
Smoking and alcohol
No 32 17 (53) NS 1 (referent)
Yes 42 24 (57) 1.3 (0.7-2.3)
TNM-classification
Stage 0-3 38 20 (53) NS 1 (referent)
Stage 4 36 21 (58) 1.5 (0.8-2.8)
T-classification
<4cm (T 1-2) 35 14 (40) <0.001 1 (referent)
>4cm (T 3-4) 39 27 (69) 3.1 (1.6-6.0)
Tumor grade!
Poor/moderate 61 37 (61) NS 1 (referent)
Well 10 3 (30) 0.4 (0.1-1.4)
Unknown 3
Lymph node metastasis
Positive 54 29 (54) NS 1.0 (0.5-1.9)
Negative 20 12 (60) 1 (referent)
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Table 3 Continued

Variable Total Death (%) P-value® Unadjusted HR (95% CI)
Recurrent disease
Yes 16 13 (81) <0.0001 1 (referent)
No 32 3 (9) 14.1 (3.9-51.1)
Never disease free 26 25 (96)
HPV-association
Yes 26 8 (31) 0.010 0.4 (0.2-0.8)
No 48 33 (69) 1 (referent)

HPV, human papillomavirus; HR, hazard ratio; NS, not significant; TSCC, tonsillar squamous cell carcinoma.

@P-values based on the log-rank test.

bpatiens were classified as daily tobacco smokers (>1 cigarette, pipe, and/or cigar per day) or non-smokers (never smokers or patients who had

stopped smoking more than 10 years before the diagnosis of TSCC).

“Patients were classified as drinkers (consumption of >2 whiskey equivalents per day (one whiskey is equivalent to ~10g alcohol).

4 Tumor grade was scored as well, moderately, or poorly differentiated according to the criteria of the World Health Organization.

Table 4 Multivariate analysis, according to Cox proportional
hazard regression analysis, of the patient and tumor character-
istics related to disease-specific mortality

Characteristic HR 95% CI P-value
Smoking: yes vs no 4.06 0.95-17.26 0.058
Tumor size: T3—4 vs T1-2 2.58 1.32-5.07 0.006
p21CiPWARL: positive vs negative  0.38  0.18-0.79 0.009
Cyclin D1: >50 vs <50%* 2.19 1.02—4.69 0.044

CI, confidence interval; HR, hazard ratio.
#Nuclear staining.

studies.”** Immunostaining of all other cell cycle
proteins was evident in less than 50% of tumors.

We noticed that the tumors with the low expres-
sion levels of pRb showed the overexpression of
p16™&*A - Accumulation of this latter protein has
been strongly associated with the presence of
oncogenic HPV in oropharyngeal carcinomas,”*%'*°
which was also evident in the underlying study.
These HPV16-positive tonsillar squamous cell car-
cinomas furthermore showed the downregulation of
cyclin D1, next to the accumulation of p14**" and

21CPVWARL Tpy addition, p53 expression was less
profound in these HPV-positive tumors.

In HPV-associated tumors, the oncoprotein E7
interacts with pRb, resulting in its degradation. As a
result, p16™*** is upregulated and cyclin D1 is
downregulated.*® This is in agreement with Andl
et al,®> who suggested that E7 might overcome the
need for cyclin D1 in the G1 phase of the cell cycle,
because it interacts with the cyclin D1-binding site
on pRb.”** Indeed, high expression levels of cyclin
D1 were predominantly observed in HPV-negative
tonsillar carcinomas, most probably pointing to
cyclin D1 gene amplification in these cases.

The p14”%F gene is a target for the transcription
factor E2F, which promotes its expression particu-
larly in the HPV-positive tumors, as has become
evident in this study. In the HPV-negative tumors
both p144%F as well as p16™** were often unde-
tectable, which is in accordance with the fact that

their expression is downregulated in most head-
and-neck squamous cell carcinomas due to gene
inactivation at the 9p21 locus.***° In normal tissue
cells, p14*®" upregulation might lead to p53 upre-
gulation, but in HPV-positive tonsillar squamous
cell carcinomas, this is usually counteracted by
means of functional inactivation of wild-type p53 by
the viral E6 protein. In contrast and as observed in
our study, p53 is frequently upregulated in HPV-
negative tumors due to mutations in the TP53
gene as a result of exposure to tobacco and/or
alcohol‘10,16,20,27,47

Although p21©PYWAFL jg known to be a down-
stream effector of p53,***° it was surprising to find
overexpression in HPV-positive tumors harboring
low or no detectable levels of p53. Such observa-
tions have also been reported by Milde-Langosch et
al’® in HPV-associated uterine cervical tumors and
suggest that also p53-independent mechanisms may
lead to p21©PYWAFM gccumulation as described
previously.’™*? Indeed, in HPV-positive cancer cells,
p21CPTWAT! expression appears to be inducible,®?
although it remains unclear why under these
conditions E7 cannot inactivate p21©PVWAF hy
direct interaction.™

Despite the strong association of p21C©PY/WAR
overexpression with HPV positivity in most tonsillar
squamous cell carcinomas, we found p21©P1/WAF
protein accumulation also in some HPV-negative
tumors, which is in accordance with a study of Li
et al.®* These authors examined 67 tonsillar squa-
mous cell carcinomas for HPV involvement, but did
not find p21“PYWAF1 expression being associated
with HPV positivity. An explanation for this para-
dox might be on the one hand the use of a different
p21CiPWATL gpecific primary antibody and different
criteria to assess p21“P"WAM ypregulation (>20% of
positive nuclei versus >10%) in comparison with
our and other studies,??2°35:36 and on the other hand
the use of only PCR to determine the presence of
HPV. To assess a firm association between virus and
tumor cells, namely, it is recommended to carry out
additional tests, such as p16™*** immunostaining
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Figure 3 Kaplan—Meier survival curves according to (a) tumor size, (b) smoking status, (c) p21“»"WAF expression, and (d) strong cyclin

D1 expression.

and/or FISH, which has been applied in our
study.>®>*°

In the univariate and multivariate statistical
analyses, we found that p21©P"WAF! gyerexpression
was a highly significant indicator of favorable prog-
nosis in tonsillar squamous cell carcinomas inde-
pendent of HPV status. Expression of p21©ipt/war
has also been associated with a favorable survival in
patients with tongue squamous cell carcinomas, and
in patients with ovarian, superficial bladder, gastric,
colorectal, and esophageal cancers.?***°”°® In one
other study on tonsillar squamous cell carcinomas
and two studies on laryngeal squamous carcinomas,
no correlation was reported,®*®****® and in one
study on head-and-neck squamous cell carcinomas
derived from multiple head-and-neck localizations
even a negative correlation with survival was

Modern Pathology (2009) 22, 686—698

described,"® which may be explained by the hetero-
geneous tumor population. Other strong indicators
for a favorable prognosis in our study include tumor
diameter <4cm, low/no expression of cyclin D1,
and low/no tobacco consumption. In accordance
with most other studies on HPV-related orophar-
yngeal carcinomas, we also found a favorable
disease-specific survival in patients with HPV16-
positive tonsillar squamous cell carcinomas,##%-50-%4
and p14*%" overexpression,®’ although with less
significance than the indicators described above. We
noticed that lymph node status, which is generally
considered as the most important prognostic factor
in head-and-neck squamous cell carcinomas,?® had
little value in our series of tonsillar squamous cell
carcinomas, which is in concordance with other
studies.***



In summary, we can conclude that HPV16-posi-
tive tonsillar squamous cell carcinomas exhibit
overexpression of p14*"" and p21©PYWAR g5 well
as downregulation of pRb and cyclin D1, and that
strong immunostaining for p21“PWA gppears to be
one of the most potent indicators for favorable
prognosis in these tumors.

Acknowledgement

This study was supported in part by the Medical
Research Foundation, Grant PF126, Maastricht Uni-
versity Medical Center, The Netherlands.

References

1 Parkin DM, Pisani P, Ferlay J. Estimates of the world-
wide incidence of 25 major cancers in 1990. Int J
Cancer 1999;80:827—841.

2 St John MA, Abemayor E, Wong DT. Recent new
approaches to the treatment of head and neck cancer.
Anticancer Drugs 2006;17:365—-375.

3 Mao L, Hong WK, Papadimitrakopoulou VA. Focus on
head and neck cancer. Cancer Cell 2004;5:311-316.

4 Forastiere A, Koch W, Trotti A, et al. Head and neck
cancer. N Engl ] Med 2001;345:1890—-1900.

5 Andl T, Kahn T, Pfuhl A, et al. Etiological involvement
of oncogenic human papillomavirus in tonsillar squa-
mous cell carcinomas lacking retinoblastoma cell cycle
control. Cancer Res 1998;58:5—13.

6 Wilczynski SP, Lin BTY, Xie Y, et al. Detection of
human papillomavirus DNA and oncoprotein over-
expression are associated with distinct morphological
patterns of tonsillar squamous cell carcinoma. Am J
Pathol 1998;152:145-156.

7 Li W, Thompson CH, Cossart YE, et al. The expression
of key cell cycle markers and presence of human
papillomavirus in squamous cell carcinoma of the
tonsil. Head Neck 2004;26:1-9.

8 Mellin H, Friesland S, Lewensohn R, et al. Human
papillomavirus (HPV) DNA in tonsillar cancer: clinical
correlates, risk of relapse and survival. Int J Cancer
2000;89:300-304.

9 Fakhry C, Gillison ML. Clinical implications of human
papillomavirus in head and neck cancers. ] Clin Oncol
2006;24:2606—-2611.

10 Hatkamp HC, Speel EJ, Haesevoets A, et al. A subset of
head and neck squamous cell carcinomas exhibits
integration of HPV 16/18 DNA and overexpression of
p16INK4A and p53 in the absence of mutations in p53
exons 5—8. Int ] Cancer 2003;107:394—400.

11 Klussmann JP, Weissenborn SJ, Wieland U, et al. Preva-
lence, distribution, and viral load of human papillo-
mavirus 16 DNA in tonsillar carcinomas. Cancer 2001;
92:2875-2884.

12 Ritchie JM, Smith EM, Summersgill KF, et al. Human
papillomavirus infection as a prognostic factor in
carcinomas of the oral cavity and oropharynx. Int J
Cancer 2003;104:336—344.

13 Hafkamp HC, Manni JJ, Haesevoets A, et al. Marked
differences in survival rate between smokers and non-
smokers with HPV 16-associated tonsillar carcinomas.
Int ] Cancer 2008;122:2656—2664.

Cell cycle protein expression and HPV in tonsillar carcinoma
HC Hafkamp et al

14 Zur Hausen H. Papillomaviruses and cancer: from
basic studies to clinical application. Nat Rev Cancer
2002;2:342-350.

15 Klussmann JP, Giiltekin E, Weissenborn SJ, et al.
Expression of p16 protein identifies a distinct entity
of tonsillar carcinomas associated with human papillo-
mavirus. Am J Pathol 2003;162:747-753.

16 Wiest T, Schwartz E, Enders C, et al. Involvement
of intact HPV 16 E6/E7 expression in head and neck
cancers with unaltered p53 status and perturbed pRb
cell cycle control. Oncogene 2002;21:1510-1517.

17 Reimers N, Kasper HU, Weissenborn SJ, et al. Com-
bined analysis of HPV-DNA, p16 and EGFR expression
to predict prognosis in oropharyngeal cancer. Int J
Cancer 2007;120:1731-1738.

18 Almadori G, Galli J, Cadoni G, et al. Human papillo-
mavirus infection and cyclin D1 gene amplification in
laryngeal squamous cell carcinoma: biologic function
and clinical significance. Head Neck 2002;24:597-604.

19 Erber R, Klein W, Andl T, et al. Aberrant p21 (CIP1/
WAF1) protein accumulation in head-and-neck cancer.
Int ] Cancer 1997;74:383—389.

20 Haraf DJ, Nodzenski E, Brachman D, et al. Human
papilloma virus and p53 in head and neck cancer: clinical
correlates and survival. Clin Cancer Res 1996;2:755-762.

21 Paz IB, Cook N, Odom-Maryon T, et al. Human papillo-
mavirus (HPV) in head and neck cancer. Cancer 1997;
79:595-604.

22 Ragin CC, Taioli E. Survival of squamous cell carcino-
ma of the head and neck in relation to human
papillomavirus infection: review and meta-analysis.
Int ] Cancer 2007;121:1813-1820.

23 Wenzel S, Sagowski C, Kehrl W, et al. The prognostic
impact of metastatic pattern of lymph nodes in patients
with oral and oropharyngeal squamous cell carcinomas.
Eur Arch Otorhinolaryngol 2004;261:270-275.

24 al-Abdulwahed S, Kudryk W, al-Rajhi N, et al. Carci-
noma of the tonsil: prognostic factors. J Otolaryngol
1996;26:196—-199.

25 Friesland S, Fernberg JO, Lundell G, et al. Prognostic
impact of complete remission after preoperative
irradiation of tonsillar carcinoma: a retrospective
analysis of the radiumhemmet data, 1980-1995. Int J
Radiat Oncol Biol Phys 1999;45:1259—-1266.

26 Snijders PJ, Steenbergen RD, Top B, et al. Analysis
of p53 status in tonsillar carcinomas associated
with human papillomavirus. J Gen Virol 1994;75:
2769-2775.

27 Lindel K, Beer KT, Laissue J, et al. Human papillomavirus
positive squamous cell carcinoma of the oropharynx:
a radiosensitive subgroup of head and neck carcinoma.
Cancer 2001;92:805—813.

28 Shanmugaratnam S. Histologic typing of tumors of the
upper respiratory tract and ear. World Health Organi-
zation: Geneva, Switserland, 1991.

29 Sgambato A, Migaldi M, Faraglia B, et al. Cyclin D1
expression in papillary superficial bladder cancer: its
association with other cell cycle-associated proteins,
cell proliferation and clinical outcome. Int J Cancer
2002;97:671-678.

30 Choi HR, Tucker SA, Huang Z, et al. Differential
expressions of cyclin-dependent kinase inhibitors
(p27 and p21) and their relation to p53 and Ki-67
in oral squamous tumorigenesis. Int J Oncol 2003;
22:409-414.

31 Kwong RA, Kalish LH, Nguyen TV, et al. P14ARF
protein expression is a predictor of both relapse and

697

Modern Pathology (2009) 22, 686—-698



Cell cycle protein expression and HPV in tonsillar carcinoma
HC Hafkamp et al

698

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

survival in squamous cell carcinoma of the anterior
tongue. Clin Cancer Res 2005;11:4107—4116.

Klaes R, Friedrich T, Spitkovsky D, et al. Overexpres-
sion of p16(INK4A) as a specific marker for dysplastic
and neoplastic epithelial cells of the cervix uteri. Int J
Cancer 2001;92:276—284.

Takes RP, Baatenburg de Jong RJ, Wijffels K, et al.
Expression of genetic markers in lymph node metas-
tases compared with their primary tumours in head
and neck cancer. Pathol 2001;194:298-302.

Kumar RV, Kadkol SS, Daniel R, et al. Human
papillomavirus, p53 and Cyclin D1 expression in
oropharyngeal carcinoma. Int J Oral Maxillofac Surg
2003;32:539-543.

Sjostrom J, Blomqvist C, Heikkild P, et al. Predictive
value of p53, mdm-2, p21, and mib-1 for chemotherapy
response in advanced breast cancer. Clin Cancer Res
2000;6:3103-3110.

Korkmaz H, Du W, Yoo GH, et al. Prognostic signifi-
cance of G1 cell-cycle inhibitors in early laryngeal
cancer. Am J Otolaryngol 2005;26:77—-82.

Pich A, Chiusa L, Navone R. Prognostic relevance of
cell proliferation in head and neck tumors. Ann Oncol
2004;15:1319-1329.

Aebersold DM, Kollar A, Beer KT, et al. Involvement of
the hepatocyte growth factor/scatter factor receptor c-
met and of Bcl-xL in the resistance of oropharyngeal
cancer to ionizing radiation. Int ] Cancer 2001;96:41-54.
Baltaziak M, Duraj E, Koda M, et al. Expression of Bcl-
xL, Bax, and p53 in primary tumors and lymph node
metastases in oral squamous cell carcinoma. Ann NY
Acad Sci 2006;1090:18-25.

Lo Muzio L, Pannone G, Staibano S, et al. Survivin
expression in oral squamous cell carcinoma. Br J
Cancer 2003;89:2244-2248.

Li F. Survivin study: what is the next wave? ] Cell
Physiol 2003;197:8-29.

Friedman M, Lim JW, Manders E, et al. Prognostic
significance of Bcl-2 and p53 expression in advanced
laryngeal squamous cell carcinoma. Head Neck 2001;
23:280-285.

Li Y, Nichols MA, Shay JW, et al. Transcriptional
repression of the D-type cyclin-dependent kinase
inhibitor p16 by the retinoblastoma susceptibility gene
product pRb. Cancer Res 1994;54:6078-6082.

Kim YT, Zhao M. Aberrant cell cycle regulation in
cervical carcinoma. Yonsei Med J 2005;46:597—613.
Kamijo T, Zindy F, Roussel MF, et al. Tumor suppres-
sion at the mouse INK4a locus mediated by the
alternative reading frame product p19ARF. Cell 1997;
91:649-659.

Krimpenfort P, Quon KC, Mooi W], et al. Loss of
p16INK4a confers susceptibility to metastatic melano-
ma in mice. Nature 2001;413:83—86.

Gillison ML, Koch WM, Capone RB, et al. Evidence for
a causal association between human papillomavirus
and a subset of head and neck cancers. J Natl Cancer
Inst 2000;92:709-720.

el-Deiry WS, Tokino T, Velculescu VE, et al. WAF1, a
potential mediator of p53 tumor suppression. Cell
1993;75:817-825.

49

50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

Harper JW, Adami GR, Wei N, et al. The p21 cdk-
interacting protein cip 1 is a potent inhibitor of G1
cyclin-dependent kinases. Cell 1993;75:805—816.
Milde-Langosch K, Riethdorf S, Kraus-P6ppinghaus A,
et al. Expression of cyclin-dependent kinase inhibitors
p16MTS1, p21WAF1, and p27KIP1 in HPV-positive
and HPV-negative cervical adenocarcinomas. Virch-
ows Arch 2001;439:55—61.

Michieli P, Chedid M, Lin D, et al. Induction of WAF1/
CIP1 by a p53-independent pathway. Cancer Res 1994;
54:3391-3395.

el-Deiry WS, Harper JW, O’Connor PM, et al. WAF1/
CIP1 is induced in p53-mediated G1 arrest and
apoptosis. Cancer Res 1994;54:1169-1174.

Butz K, Shahabeddin L, Geisen C, et al. Functional p53
protein in human papillomavirus-positive cancer
cells. Oncogene 1995;10:927-936.

Li W, Thompson CH, O’'Brien CJ, et al. Human
papillomavirus positivity predicts favourable outcome
for squamous carcinoma of the tonsil. Int J Cancer
2003;106:553—-558.

Smeets SJ, Hesselink AT, Speel EJ, et al. A novel
algorithm for reliable detection of human papilloma-
virus in paraffin embedded head and neck cancer
specimen. Int ] Cancer 2007;121:2465-2472.
Franceschi S, Muiioz N, Snijders PJ. How strong and
how wide is the link between HPV and oropharyngeal
cancer? Lancet 2000;356:871-872.

Goto M, Tsukamoto T, Inada K, et al. Loss of
P21WAF1/CIP1 expression in invasive fronts of oral
tongue squamous cell carcinomas is correlated with
tumor progression and poor prognosis. Oncol Rep
2005;14:837—-846.

Hirai T, Kuwahara M, Yoshida K, et al. The prognostic
significance of p53, p21 (Waf1/Cip1), and cyclin D1
protein expression in esophageal cancer patients.
Anticancer Res 1999;19:4587—4591.

Peschos D, Stefanou D, Vougiouklakis T, et al. Cell
cycle proteins in laryngeal cancer: role in proliferation
and prognosis. ] Exp Clin Cancer Res 2005;24:431-437.
Mellin H, Dahlgren L, Munck-Wikland E, et al. Human
papillomavirus type 16 is episomal and a high viral
load may be correlated to better prognosis in tonsillar
cancer. Int ] Cancer 2002;102:152—158.

Sisk EA, Soltys SG, Zhu S, et al. Human papilloma-
virus and p53 mutational status as prognostic factors
in head and neck carcinoma. Head Neck 2002;24:
841-849.

Schwartz SR, Yueh B, McDougall JK, et al. Human
papillomavirus infection and survival in oral
squamous cell cancer: a population-based study.
Otolaryngol Head Neck Surg 2001;125:1-9.

Chiba I, Shindoh M, Yasuda M, et al. Mutations in the
p53 gene and human papillomavirus infection as
significant prognostic factors in squamous cell carci-
nomas of the oral cavity. Oncogene 1996;12:
1663—-1668.

Weinberger PM, Yu Z, Haffty BG, et al. Molecular
classification identifies a subset of human papilloma-
virus-associated oropharyngeal cancers with favorable
prognosis. J Clin Oncol 2006;24:736—747.

Supplementary Information accompanies the paper on Modern Pathology website (http://www.nature.com/
modpathol)

Modern Pathology (2009) 22, 686—698



	P21Cip1/WAF1 expression is strongly associated with HPV-positive tonsillar carcinoma and a favorable prognosis
	Main
	Materials and methods
	Tumor Material and Patient Data
	Immunohistochemical Staining
	Statistical Analysis

	Results
	Cell Cycle Protein Expression
	Correlations Between HPV Status, Expression of Cell Cycle Proteins, and Clinicopathological Variables
	Indicators for Disease-Specific Patient Survival

	Discussion
	Acknowledgements
	Note
	References




