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Detection and significance of human
papillomavirus, CDKN2A(p16) and
CDKN1A(p21) expression in squamous
cell carcinoma of the larynx
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Human papillomavirus (HPV) can be detected in

Although a strong etiologic relationship between human papillomavirus (HPV) and a majority of oropharyngeal
squamous cell carcinomas has been established, the role of HPV in non-oropharyngeal head and neck
carcinomas is much less clear. Here, we investigated the prevalence and clinicopathologic significance of HPV
and its reported biomarkers, CDKN2A(p16) and CDKN1A(p21), in laryngeal squamous cell carcinomas in patients
treated either with primary surgery and postoperative radiation or with definitive radiation-based therapy. Nearly
all of 76 tumors were keratinizing and none displayed the nonkeratinizing morphology that is typically associated
with HPV infection in the oropharynx. However, CDKN2A(p16) immunohistochemistry was positive in 21 cases
(28%) and CDKN1A(p21) in 34 (45%). CDKN2A(p16) and CDKN1A(p21) status strongly correlated with each other
(P=0.0038). Yet, only four cases were HPV positive by DNA in situ hybridization or by reverse transcriptase PCR
E6/E7 mRNA (all four were CDKN2A(p16) and CDKN1A(p21) positive). Unexpectedly, 9 additional tumors out of
20 CDKN2A(p16) positive cases harbored high-risk HPV DNA by PCR. For further investigation of this
unexpected result, in situ hybridization for E6/E7 mRNA was performed on these nine cases and all were
negative, confirming the absence of transcriptionally active virus. Patients with CDKN1A(p21)-positive tumors
did have better overall survival (69% at 3 years) than those with CDKN1A(p21)-negative tumors (51% at 3 years)
(P=0.045). There was also a strong trend towards better overall survival in the CDKN2A(p16)-positive group
(P=0.058). Thus, it appears that the role of HPV is more complex in the larynx than in the oropharynx, and that
CDKN2A(p16) and CDKN1A(p21) expression may not reflect HPV-driven tumors in most cases. Because of this,

CDKN2A(p16) should not be used as a definitive surrogate marker of HPV-driven tumors in the larynx.
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reported HPV prevalence of 51% in tonsillar

squamous cell carcinomas from various head and
neck subsites. The highest rates of HPV infection are
in the oropharynx with lower, yet still significant,
rates of detection at other sites. Meta-analyses have
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carcinomas and 20-25% for laryngeal or oral cavity
carcinomas.™? However, the significance of finding
the virus in a particular tumor is not always clear.
The mere presence of HPV DNA in a tumor does not
necessarily indicate that the virus is driving or
contributing to tumor development or progression.
Viral DNA may well be a ‘bystander’ as HPV DNA
can be detected in non-tumor and even normal
tissue from the upper aerodigestive tract.®*
Detection methods that reflect transcriptionally
active HPV, including CDKN2A(p16) immunohisto-
chemistry and reverse transcriptase PCR (RT-PCR) or
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in situ hybridization for HPV DNA or E6/E7 mRNA,
are, thus, necessary to demonstrate biologically
significant virus. However, these methods have not
been uniformly employed or are just emerging as
viable tests out of formalin-fixed paraffin-embedded
tissue.

The etiologic link between HPV and tumor
development is by far the strongest for squamous
cell carcinomas arising in the oropharynx, particu-
larly in the tonsils and base of tongue. Here,
biologically active HPV has been detected in a large
number of tumors and is associated with unique
clinical and pathologic features. HPV-positive tu-
mors tend to occur in younger patients, are less
strongly linked to tobacco and alcohol, and are
associated with better patient outcomes compared
with ~ HPV-negative  tumors.’>®  HPV-positive
oropharyngeal squamous cell carcinomas can also
be recognized histologically as the majority display
nonkeratinizing morphology.”:8

At a molecular level, HPV-positive squamous cell
carcinoma less frequently harbors gross chromoso-
mal deletions than HPV-negative squamous cell
carcinoma, and has a unique molecular signature
characterized by overexpression of the tumor sup-
pressor protein CDKN2A(p16) and infrequent TP53
mutations or EGFR amplification.®'' Of these
molecular markers, CDKN2A(p16) overexpression
is of particular importance as it has emerged as
robust surrogate biomarker of HPV-related oro-
pharyngeal squamous cell carcinoma, where its
overexpression reflects the presence of transcrip-
tionally active HPV.1213 Not surprisingly, CDKN2A
(p16) overexpression is also observed in HPV-related
cervical carcinomas.* CDKN2A(p16) positivity
approaches 100% in HPV-related oropharyngeal
squamous cell carcinoma in some studies and in
myriad other studies on oropharyngeal squamous
cell carcinoma is positive in 85-95%.%1% In contrast,
CDKN2A(p16) is usually consistently inactivated in
HPV-negative head and neck cancers, leading to
minimal, if any, detectable protein by immunohisto-
chemistry.%12

More recently, Hafkamp et al'® described over-
expression of CDKN1A(p21), a tumor suppressor
protein in the TP53 cascade, as another potential
biomarker of HPV in tonsillar squamous cell
carcinoma and a strong indicator of good prognosis.
However, the association of CDKN1A(p21) express-
ion with HPV and good prognosis in tonsillar
squamous cell carcinoma has not been a universal
finding.16:17

As the relationship between HPV and squamous
cell carcinoma of the oropharynx unfolds, the signi-
ficance of HPV in non-oropharyngeal head and neck
squamous cell carcinoma remains less certain. In the
larynx, HPV infection clearly occurs and is asso-
ciated with human disease. Vertical transmission of
HPV from mother to infant is thought to be the
etiology of juvenile laryngeal papillomatosis. Pa-
tients with this disease develop multiple benign
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papillomas of the respiratory tract that have a
particular predilection for the true vocal cord.
Juvenile laryngeal papillomatosis is predominately
caused by low-risk HPV subtypes 6 and 11.1®
Although malignant progression is rare, it appears
to be more common in those papillomas harboring
high-risk (HR) HPV subtypes, although it may be
seen with low-risk HPV subtype infection as well.?

Although HPV DNA has also been detected in
approximately one quarter of laryngeal squamous cell
carcinomas on meta-analysis, the virus has been
found in up to 19% of normal laryngeal mucosa
samples as well, raising doubts as to its biological
significance in tumor development or progression.??
Evaluation of the biological activity of the virus,
either by assessment of HPV E6/E7 mRNA, DNA ISH
or by utilizing surrogate biomarkers such as
CDKN2A(p16), is important in determining whether
or not HPV that is found in a tumor is actually having
a role in tumor development or progression.
However, these types of studies are few in
number.21=2% Another factor casting doubt on the
significance of HPV in laryngeal squamous cell car-
cinomas is the lack of consistency in the association
of HPV with better patient survival. In fact, some
studies of laryngeal squamous cell carcinoma have
actually found decreased survival in patients with
HPV DNA-positive tumors.?® This is in contrast to
oropharyngeal squamous cell carcinoma where HPV
has been shown to be strongly associated with
favorable outcomes in virtually every study.’

The aim of this study was to investigate the
frequency and transcriptional activity of HPV in
squamous cell carcinoma of the larynx, and to assess
its biological and clinical significance. As nonker-
atinizing morphology, CDKN2A(p16) and CDKN1A
(p21) overexpression, and better patient outcome are
characteristic clinicopathologic features of transcrip-
tionally active, HPV-related squamous cell carcino-
ma of the oropharynx, we assessed these features in
laryngeal squamous cell carcinoma as well.

Materials and methods
Case Selection

The study was approved by the Human Research
Protection Office of Washington University. Cases of
laryngeal squamous cell carcinoma were identified
from a large radiation oncology database maintained
by one of the co-authors (WLT), which consisted
of all patients with head and neck squamous
cell carcinoma who received radiation therapy at
Washington University Medical Center between
1997 and 2007. Only cases with surgical pathology
material available for review were included in the
study. The cases were reviewed by the three study
pathologists (RDC, JSL and SEKM) to establish the
diagnosis of squamous cell carcinoma and to assess
for the presence of nonkeratinizing histology as
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Figure 1 Hematoxylin and eosin-stained sections (200 x ) of nonkeratinizing (left) and keratinizing (right) squamous cell carcinomas.
Nonkeratinizing squamous cell carcinoma is composed of large nests that have pushing borders and little stromal reaction. The tumor
cells have indistinct cell borders, scant cytoplasm and oval to spindled, hyperchromatic nuclei. Keratinizing squamous cell carcinoma is
composed of maturing squamous cells that have polygonal shapes, distinct cell borders and eosinophilic cytoplasm. The tumor nests are

infiltrative and there is surrounding stromal desmoplasia.

previously defined.” Examples of nonkeratinizing
and keratinizing squamous cell carcinoma morpho-
logic features are shown in Figure 1.

Immunohistochemistry for CDKN2A(p16) and
CDKN1A(p21)

Immunohistochemistry was performed on formalin-
fixed paraffin-embedded, 4 um tissue sections using
an antibody to CDKN2A(p16) (MTM Laboratories,
Westborough, MA, USA; mouse monoclonal; 1:1
dilution) or to CDKN1A(p21) (Dako, Carpentaria,
CA, USA; mouse monoclonal; 1:25 dilution). Inmuno-
staining was performed on a Ventana Benchmark
automated immunostainer (Ventana Medical Systems,
Tucson, AZ, USA) according to standard protocols
with appropriate positive controls. Antigen retrieval,
standard on the machine, utilized the Ventana CC1,
EDTA-Tris, pH 8.0 solution. For CDKN2A(p16), cases
were classified in a binary manner as positive when
>50% of cells showed nuclear and cytoplasmic
staining or negative when <50% of cells stained.
For CDKN1A(p21), cases were classified in a binary
manner as positive when >10% of cells showed
nuclear staining or negative when it was <10%.
These cutoff points were based on previously
published literature.'®25 Slides were interpreted by
two study pathologists (RDC and SKEM).

HPV DNA In Situ Hybridization

DNA in situ hybridization was performed on
formalin-fixed, paraffin-embedded, 4 um tissue sec-
tions using the ISH I View Blue Plus Detection Kit
(Ventana Medical Systems) according to the manu-
facturer’s instructions. The probe hybridizes with
the HR HPV genotypes 16, 18, 33, 35, 45, 51, 52 56
and 66. Ventana Red Counterstain II (Ventana
Medical Systems) was used. Positive staining was

identified as blue nuclear dots. Cases were classified
in a binary manner as either positive or negative.
Any definitive nuclear staining in tumor cells was
considered positive. Slides were interpreted by two
study pathologists (RDC and SKEM).

HPV PCR

Tumor-containing areas of paraffin blocks were
punched with 1.5mm sterile punches. DNA was
prepared from these punches using Purgene DNA
purification kits (Qiagen). The tumor samples were
deparaffinized using a series of xylene and ethanol
washes. Next, they were subjected to a rigorous
proteinase K digestion with an incubation time
tailored for recovery of DNA. The methodology for
DNA purification included RNAse treatment, pro-
tein precipitation and DNA precipitation. PCR was
then performed using INNO-LiPA HPV Genotyping
Extra kits.?” Part of the L1 region of the HPV genome
was amplified using SPF10 primers. For HR HPV, a
65-bp fragment was amplified. An additional primer
pair for amplification of the human HLA-DPB1 gene
was added to monitor sample quality and extraction.
For specimens where the HPV amplification product
was present on initial reaction, they were
hybridized to type-specific probes immobilized as
parallel lines on membrane strips pre-made by the
manufacturer. After hybridization and stringent
washing, streptavidin-conjugated alkaline phos-
phatase was added. Incubation with BCIP/NBT
chromogen yielded a purple precipitate. The
results were visually read and compared with the
provided interpretation chart to type the HPV.

HPV E6/E7 mRNA RT-PCR

RT-PCR targeted HPV E6 and E7 RNA from 13 HR
HPV types (16, 18, 31, 33, 35, 39, 45, 52, 56, 58, 59,
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66 and 68). The RT reaction was done with the High
Capacity cDNA Reverse Transcription Kit (Applied
Biosystems, Carlsbad, CA, USA). All oligo primers
in the assays were purchased from Sigma. Each 10 ul
RT reaction included the following: 1 x RT buffer,
0.4 ul of 25 x dNTP (100 mM), 1 x random hexam-
ers, 0.5 ul of RT, 0.5 ul of RNase inhibitor and 100 ng
RNA template. The RT reaction mixture was
incubated at 25 °C for 20 min, then 37 °C for 60 min
followed by heat-inactivation at 85°C for 5min.
Real-time PCR was carried out to quantify the cDNA
product using Power SYBR Green PCR Master Mix
(Applied Biosystems) and 500 nM HPV type-specific
primers. Each HPV assay (E6 or E7 from each of the
13 HPV subtypes) was individually performed in a
separate well on a 384-well PCR plate. The PCR
running protocol was 95 °C for 10 min, followed by
36 cycles of amplification (95°C for 10s, 58 °C for
15s and 60°C for 15s). The expression of both
GAPDH and f-actin was used as reference controls
for real-time PCR data normalization.

HPV RNA In Situ Hybridization

In situ hybridization for HR HPV E6/E7 RNA was
performed by hand using the RNAscope HPV kit
(Advanced Cell Diagnostics, Hayward, CA, USA)
according to the manufacturer’s instructions as
previously described.’® Probes targeted the HR
HPV genotypes 16, 18, 31, 33, 35, 52 and 58
(performed as a cocktail). Control probes for the
bacterial gene DapB (negative control) and for the
housekeeping gene ubiquitin C (positive control)
were also included on each case. The slides and
controls were read by one study pathologists (RDC)
and classified in a binary manner as either positive
(brown staining) or negative.

Statistical Analysis

Fisher exact or y? tests were used to examine
associations between categorical variables where
appropriate. For the continuous variables of age
and follow-up length, Student’s t-tests were per-
formed to evaluate differences by CDKN2A(p16) or
CDKN1A(p21) status. Log-rank tests were used to
determine differences in overall, disease-free and
disease-specific survival by CDKN2A(p16) or
CDKN1A(p21) status. Overall survival was calcu-
lated from the start date of treatment to the date of
death from any cause or the last known follow-up
date. Disease-free survival was calculated from the
start date of treatment to the date of disease
recurrence, or death or last known follow-up if there
was no recurrence. Disease-specific survival was
calculated from the start date of treatment to the date
of death from disease. All statistical tests were two-
sided, and the level for statistical significance was
set at 0.05. SAS 9.1 was used for all major statistical
calculations (SAS Institute, Cary, NC, USA).
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Results
Clinicopathologic Features

A total of 76 cases were identified. The mean length
of follow up was 34.6 months (range 2.7-123.7). The
mean age was 57.5 years (range 33—-81). Fifty-four
patients (71%) were male and 22 (29%) were female.
Fifty-one patients (67%) were white and twenty-five
(33%) were African—American. Smoking history
was available for all but two patients. The over-
whelming majority of patients (71 of 74 or 96%) had
a history of smoking. Clinical stage was available for
all but three patients, and the majority had stage III
(21 patients or 29%) or IV disease (39 patients or
53%). Nine patients (12%) had stage I tumors and
four (6%) had stage II tumors. Thirty-two patients
(42%) received definitive radiation-based therapy,
whereas forty-four (58%) received primary surgical
treatment followed by radiation. All tumors were
clinically laryngeal primary tumors, and only 11 of
the 76 (15%) tumors had clinical or pathologic
evidence of oropharyngeal extension.

On histologic review of the 76 cases, all but 4 were
keratinizing squamous cell carcinomas. The remain-
ing four cases included two basaloid squamous cell
carcinomas, one adenosquamous carcinoma and one
spindle cell carcinoma. No cases of nonkeratinizing
squamous cell carcinoma were identified, and none
of the keratinizing tumors contained foci with
nonkeratinizing features.

Biomarker Expression

All cases were evaluated for CDKN2A(p16) and
CDKN1A(p21) expression by immunohistochemistry.
A significant proportion of cases were positive for
either CDKN2A (p16™K44) or CDKN1A(p21) (Table 1).
CDKN2A(p16) positivity was seen in 21 cases (28%)
and CDKN1A(p21) positivity was seen in 34 cases
(45%). Furthermore, there was a strong correlation
between CDKN2A(p16) and CDKN1A(p21) positivity
with 71% of CDKN2A(p16)-positive tumors also
positive for CDKN1A(p21) compared with 35% of
CDKN2A(p16)-negative tumors (P=0.0038, Table 1).

HPV Detection
Two methods were used to detect HPV DNA; in situ
hybridization and PCR for HR genotypes. Two

Table 1 Correlation between CDKN2A(p16) and CDKN1A(p21)
expression®

CDKN2A(p16) CDKN1A(p21) CDKN1A(p21)

status positive negative Total
Positive 15 (20%) 6 (8%) 21 (28%)
Negative 19 (25%) 36 (47%) 55 (72%)
Total 34 (45%) 42 (55%) 76 (100%)
“P=0.0038.
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DNA ISH negative
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All HPV DNA ISH and/or
RT PCR negative

HPV RNA ISH positive
N=0

HPV RNA ISH negative
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Figure 2 Flow diagram summarizing CDKN2A(p16) and human papillomavirus test results. HPV, human papillomavirus; ISH, in situ

hybridization; RT-PCR, reverse transcriptase PCR.

Table 2 HPV DNA ISH and RT-PCR results by CDKN2A(p16) and CDKN1A(p21) status

CDKN2A(p16)

HPYV detection method All cases positive, n =21

CDKN2A(p16)
negative, n =55

CDKN1A(p21)
positive, n = 34

CDKN1A(p21)
negative, n =42

DNA ISH
RT-PCR of E6/E7 RNA

3/76 (4%)
4/60 (7%)

3/21 (14%)
4/17 (24%)

0/55 (0%)
0/43 (0%)

3/34 (9%)
4/27 (15%)

0/42 (0%)
0/33 (0%)

Abbreviations: HPV, human papillomavirus; ISH, in situ hybridization; RT-PCR, reverse transcriptase PCR.

additional techniques were used to assess for
transcriptional activity; RT-PCR and RNA in situ
hybridization for HPV E6/E7 mRNA. A flow
diagram of the HPV test results is given in
Figure 2. DNA in situ hybridization was performed
on all cases, and only three (4%) were positive; all
three were also positive for CDKN2A(p16) and
CDKN1A(p21). Sufficient material was available
for RT-PCR for HPV E6/E7 mRNA in 60 of the 76
cases (18 of the 21 CDKN2A(p16) positive cases had
sufficient material for RT-PCR). Four cases were
positive (7%); three for HPV 16 and one for HPV 31.
All of these were also positive for CDKN2A(p16)
and CDKN1A(p21), and included the three HPV
DNA in situ hybridization positive cases. The HPV
DNA in situ hybridization and RT-PCR results
by CDKN2A(p16) and CDKN1A(p21) status are
presented in Table 2.

As a significant proportion of tumors were
positive for CDKN2A(p16) and CDKN1A(p21), but
only four of these cases were positive for HPV by
DNA in situ hybridization or RT-PCR, HPV DNA
PCR was performed on just the CDKN2A(p16)
positive cases to further evaluate them for HPV, as
one would suspect them to be HPV positive given
the robustness of CDKN2A(p16) as a surrogate
marker for HPV in the oropharynx. Of the 21

CDKN2A(p16)-positive tumors, 20 had sufficient
material for PCR. Thirteen of the twenty (65%) were
in fact HPV positive by DNA PCR. Four cases were
HPV type 16, six were HPV 16 plus either HPV 31 or
53, two cases were HPV 31 and one case was HPV
53. All four cases in this subset that were HPV DNA
ISH or RT-PCR positive were also positive by PCR,
and the HPV types were the same by PCR and RT-
PCR in these cases. Only one of the HPV DNA PCR
positive cases had insufficient material for HPV
testing by RT-PCR for HPV E6/ E7 mRNA.

Thus, there were nine cases that were
CDKN2A(p16) positive and harbored viral DNA
by PCR but were HPV negative by DNA in situ
hybridization and/or RT-PCR for HPV E6/E7
mRNA. Because of this discrepancy between the
presence of viral DNA and the absence of viral
transcripts, another technique was employed to
further assess the transcriptional activity in this
subgroup; slide-based RNA in situ hybridization
was utilized. Eight of the nine cases had sufficient
material for RNA in situ hybridization. Of these
eight cases, seven were negative for HR HPV RNA,
further confirming the lack of transcriptional
activity of the virus in these HPV DNA-positive
cases. One case was not interpretable due to failure
of the positive control.
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Table 3 Clinical characteristics by CDKN2A(p16) and CDKN1A(p21) status

CDKN2A(p16) status

CDKN1A(p21) status

Clinical characteristic

+ - P-value + - P-value
Age (years, mean *s.d.) 58.8 (+11.5) 57.0 (+10.8) P=0.53 59.7 (£11.9) 55.7 (+9.9) P=0.11
Sex (n)
Male 12 42 P=0.098 22 32 P=0.27
Female 9 13 12 10
Race (n)
White 11 40 P=0.091 21 30 P=0.37
African—American 10 15 13 12
Smoking history (n)
Yes 19 52 P=0.13 32 39 P=0.59
No 2 1 2 1
Tumor stage (n)
Torll 4 9 P=0.86 7 6 P=0.76
IIT or IV 17 43 27 33
Treatment strategy (n)
Definitive radiation 13 19 P=0.031* 17 15 P=0.21
Post-operative radiation 8 36 17 27

*Statistically significant, P<0.05.

Table 4 Oropharyngeal extension rates by CDKN2A(p16) and
CDKN1A(p21) status

CDKN2A(p16) CDKN1A(p21)
Oropharyngeal status status
extension

+ - + -
Present 2 (10%) 9 (16%) 4 (12%) 7 (17%)
Absent 19 (90%) 46 (84%) 30 (88%) 35 (83%)
P-value P=0.45 P=0.55

Clinicopathologic Features and Patient Outcome by
CDKN2A(p16) and CDKN1A(p21) Status

The clinical characteristics of the patients by
CDKN2A(p16) and CDKN1A(p21) tumor status are
summarized in Table 3. Patients with CDKN2A
(p16)-positive tumors were more likely to have
received definitive radiation-based therapy than
patients with CDKN2A(p16)-negative tumors
(P=0.031). There were no other statistically signi-
ficant differences in age, sex, race, smoking history,
tumor stage or treatment strategy by CDKN2A(p16)
or CDKN1A(p21) tumor status.

Importantly, neither CDKN2A(p16) nor
CDKN1A(p21) status correlated with the presence
of oropharyngeal extension (Table 4), making it very
unlikely that the positive tumors were oropharyn-
geal in origin. Of the 11 cases that had orophar-
yngeal extension, only 2 (18%) were CDKN2A(p16)
positive (P=0.45) and 4 (36%) were CDKN1A(p21)
positive (P=0.55). None of the four HPV DNA
in situ hybridization or RT-PCR positive cases had
oropharyngeal extension.
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Figure 3 Kaplan—Meier curve of overall survival in patients
with CDKN2A(p16) positive versus negative tumors. P-values are
unadjusted.

Overall survival was better for patients with
CDKN1A(p21)-positive tumors than for those with
CDKN1A(p21)-negative tumors (P=0.045, Figure 3).
There was a trend towards better overall survival for
p16-positive tumors as well but this did not reach
statistical significance (P=0.058, Figure 4). There
were no significant differences in disease-free survi-
val by either CDKN2A(p16) or CDKN1A(p21) status.
Survival analysis by HPV DNA in situ hybridization
or RT-PCR status could not be performed due to the
low number of positive cases. However, one of the
four patients with an HPV-positive tumor by RT-PCR
died with disease within 2 years of diagnosis. The
other three were alive and free of disease at last
follow-up (minimum follow-up of 2 years).

Discussion

Few studies have evaluated laryngeal squamous cell
carcinomas for the presence of transcriptionally
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Figure 4 Kaplan—-Meier curve of overall survival in patients with
CDKN1A(p21) positive versus negative tumors. P-values are
unadjusted.

active HPV. These have shown a relatively low
frequency of virus with small numbers of cases
tested. Schlecht et al** found transcriptionally
active HPV in 4 of 27 laryngeal squamous cell
carcinomas (15%). Although Lewis et al?® found
transcriptionally active HPV in 2 of 31 laryngeal
squamous cell carcinomas (6.5%), one of these cases
involved the oropharynx and, thus, may have been
an oropharynx primary with extensive laryngeal
involvement. Our study represents the largest series
of laryngeal squamous cell carcinomas evaluated for
the presence of transcriptionally active HPV. Four
out of sixty cases (7%) contained HPV E6/E7 mRNA.
None of these cases had oropharyngeal extension.
HPV DNA in situ hybridization was positive in
three of these cases and did not detect any
additional HPV-positive cases among the total
group of 76 tumors. The low number of tumors
with transcriptionally active virus precluded any
survival analysis of this group.

As one would expect, all four tumors with
transcriptionally active HPV were also CDKN2A
(p16) positive. Somewhat surprisingly, however,
was the finding of a larger group of CDKN2A(p16)
positive and HPV DNA by PCR-positive tumors that
were negative for transcriptionally active HPV. A
total of 21 of the 76 cases were CDKN2A(p16)
positive (28%). Thirteen of these were HPV DNA
positive by PCR (65%, one case lacked sufficient
material for testing). Of the 13 HPV DNA PCR-
positive cases, only 4 were transcriptionally active
as shown by RT-PCR.

One could argue that a possible lack of sensitivity
of the RT-PCR out of formalin-fixed paraffin-
embedded tissue may be responsible for the negative
RT-PCR results. We therefore used slide-based RNA
in situ hybridization for HPV E6/E7 mRNA in the
nine HPV DNA PCR positive but not RT-PCR-
negative cases. All 7 cases with interpretable results
were negative, confirming the absence of transcrip-
tionally active virus.

Thus, it appears that, unlike HPV-related squa-
mous cell carcinoma of the oropharynx, there is not a
strong correlation between CDKN2A(p16) expression
and transcriptional activation of the virus in squa-
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mous cell carcinoma of the larynx. The presence of
HPV DNA in some tumors may represent a very low
viral burden that is incidental ‘bystander’ virus
detectable only by a technique as sensitive as PCR.
This seems plausible, as HPV DNA has been found in
a significant proportion of benign laryngeal lesions.?°
Based on these findings, CDKN2A(p16) alone should
not be used as a definitive surrogate marker of HPV-
driven squamous cell carcinoma in the larynx.

The question remains, what is the significance of
CDKN2A(p16) expression in squamous cell carcino-
ma of the larynx? To date, relatively few other
studies have evaluated CDKN2A(p16) expression in
laryngeal squamous cell carcinomas. In a relatively
small study, Laco et al?? found CDKN2A(p16)
overexpression by immunohistochemistry in 58%
of 24 laryngeal squamous cell carcinomas with
perfect correlation between CDKN2A(p16) positi-
vity and HPV detected by DNA in situ hybridization.
However, the majority of cases showed only focal
(<5%) immunoreactivity for CDKN2A(p16), which
is not the typical pattern seen in oropharyngeal
squamous cell carcinoma associated with
biologically active HPV, where CDKN2A(p16)
expression is strong and diffuse.?? Baumann et al?!
also reported CDKN2A(p16) overexpression in five
of five HPV PCR-positive tumors tested with ‘high
levels of nuclear and cytoplasmic staining’ that was
not further quantified. These findings are intriguing,
although the number of cases tested is small. In
neither of these two studies was transcriptional
activation of the virus documented.

We found CDKN2A(p16) overexpression in a
significant proportion of tumors (28%) using a
cutoff for positivity of greater than 50%. This
eliminates classification of cases with focal and
patchy CDKN2A(p16) immunoreactivity as truly
CDKN2A(p16) positive (or overexpressed), as this
pattern is also observed in normal squamous
mucosa and in a significant minority of non-HPV-
related head and neck squamous cell carcinomas.

Hafkamp et al'® recently described CDKN1A(p21)
expression as another surrogate marker of HPV-
related tonsillar squamous cell carcinoma. CDKN1A
(p21), a tumor-suppressor protein in the TP53
cascade, was also strongly associated with favor-
able patient outcome.!® Fury et al similarly found a
correlation between CDKN1A(p21) and CDKN2A
(p16) positivity in tonsillar squamous cell carcin-
oma, although two other studies found no associa-
tion between HPV and CDKN1A(p21).16:17:28
Previous studies have also found CDKN1A(p21)
overexpression in cervical carcinomas and
intraepithelial neoplasia, the majority of which
were HPV-related lesions, suggesting that CDKN1A
(p21) could have a role in HPV-mediated
oncogenesis.?%30 In theory, one would expect HPV
E6-mediated TP53 inactivation to cause reduced
CDKN1A(p21) expression, as CDKN1A(p21) is a
downstream mediator of TP53. However, there is
some evidence that HPV oncoprotein E7 may be
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responsible for increased CDKN1A(p21) protein
levels, as E7 can associate with CDKN1A(p21) and
has been shown to increase CDKN1A(p21) express-
ion in HPV-infected genital keratinocytes.3132

Nearly half (45%) of the laryngeal squamous cell
carcinomas in our study were CDKN1A(p21) positive,
a rate comparable to that reported by others.33-3%
However, previous studies of CDKN1A(p21) in
laryngeal carcinomas lack corresponding data on
CDKN2A(p16) or HPV status.?3=36 Qurs is the first
study to compare CDKN1A(p21) with CDKN2A(p16)
and HPV status in laryngeal squamous cell car-
cinoma. We have found a strong correlation between
CDKN1A(p21) and CDKN2A(p16) (P=0.0038), and
all four cases with trascriptionally active HPV were
not only CDKN2A(p16) positive but also CDKN1A
(p21) positive.

Furthermore, CDKN1A(p21) expression was asso-
ciated with better overall patient survival (P=0.045),
whereas CDKN2A(p16) expression showed a trend
toward better overall survival, in univariate analysis.
There were no significant differences in disease-free
survival. Interestingly, a previous study of
CDKN1A(p21) in laryngeal squamous cell carcinoma
found the opposite—worse survival for patients with
CDKN1A(p21)-positive  tumors.®>  Criteria  for
establishing CDKN1A(p21) positivity may have a
role in these divergent results. Jeannon et al®®
considered increased expression of CDKN1A(p21)
to be >50% positive cells, whereas we used the
same criteria of Hafkamp et al'® of >10% positive
cells. The cutoff point used for establishing
CDKN1A(p21) positivity (or overexpression) may be
critical as CDKN1A(p21) may have divergent
functions depending upon cellular concentration, a
concept that warrants further investigation.3”

In summary, it appears that a subset of laryngeal
squamous cell carcinomas display a molecular
profile typical of HPV-related squamous cell carcino-
ma of the oropharynx (CDKN2A(p16) and
CDKN1A(p21) biomarker positive). Furthermore,
CDKN1A(p21) positivity was associated with better
overall patient survival, and there was a trend
towards better overall survival for patients with
CDKN2A(p16)-positive tumors as well. Improved
survival is also a feature of HPV-related oropharyn-
geal squamous cell carcinoma. However, in contrast
to squamous cell carcinoma of the oropharynx, very
few of the biomarker positive cases actually harbored
transcriptionally active HPV, even though HPV DNA
was present in the majority of CDKN2A (p16)-positive
laryngeal squamous cell carcinomas. Clearly, the role
of HPV in laryngeal squamous cell carcinoma is more
complex than in the oropharynx and CDKN2A(p16)
and CDKN1A(p21) expression may not reflect HPV-
driven tumors in most cases.
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