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Potentially functional variants of p14%" are associated with HPV-positive
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Since pI4ARF and human papillomavirus (HPV) 16 E6/E7
oncoproteins are important regulators participating in the p53/
Rb pathways, genetic variations of p/4ARF may modify tumor
HPV16 status and survival of HPV16-positive squamous cell
carcinoma of the oropharynx (SCCOP) patients. We determined
tumor HPV16 status and expression of p14/p53 and genotyped
P14ARF-rs3731217 and -rs3088440 polymorphisms in 552 inci-
dent SCCOP patients. We found that patients having variant gen-
otypes for each pI4ARF polymorphism were approximately two
or three times as likely to have HPV16-positive tumors compared
with patients with corresponding common homozygous genotype,
and such an association was particularly pronounced in patients
with variant genotypes of both polymorphisms. After definitive
chemoradiotherapy, patients having pI4ARF rs3731217 TG/GG
variant genotypes had significantly better overall, disease-specific
and disease-free survival than those having TT genotype, respec-
tively. Multivariable analysis found that patients with p/4ARF-
rs3731217 TT genotype had an ~7-, 11- and 3-fold increased risk
for death overall, death due to SCCOP and recurrence than those
with TG/GG variant genotypes, respectively. Furthermore, such
significantly prognostic effect was also found when survival anal-
ysis was limited to HPV16-positive patients. Additionally, poten-
tially functional relevance of the two variants was characterized
to explore the genotype-phenotype correlation. Our findings
indicate pI4ARF variants may predict tumor HPV16-positive
SCCOP patients and survival.

Introduction

Although tobacco and alcohol exposures remain significant risk fac-
tors for squamous cell carcinoma of the oropharynx (SCCOP), human
papillomavirus (HPV) infection has accounted for a growing propor-
tion of cases, particularly among the middle-aged population (1-3).
Since tumor HPV-positive SCCOP patients have been shown to have a
better prognosis than tumor HPV-negative SCCOP patients, it appears
that HPV status is highly relevant to SCCOP prognosis (4). Thus,
identification of individual SCCOP patient’s tumor HPV status is of
utmost clinical relevance. Although there have been many attempts
to develop biomarkers for progression and prognosis of SCCOP as
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well as for response to anticancer treatment, some results remain
controversial because of confounding by HPV status and an admix-
ture of cancer sites (5). Although HPV-positive SCCOP patients had
improved survival and lower recurrence rates, the significant hetero-
geneity in outcomes among HPV-positive SCCOP patients remains
a clinical problem: most do exceptionally well, but smokers with
HPV-positive SCCOP have worse outcomes, in some studies simi-
lar to those of patients with HPV-negative SCCOP. To date, SCCOP
have few prognostic markers targetable for improving prevention and
treatment strategies. Since HPV status is highly relevant to SCCOP
prognosis and there is significant heterogeneity in outcomes of HPV-
positive SCCOP patients, new biomarkers that determine HPV status
and further stratify HPV-positive SCCOP patients will help avoid both
overtreatment and undertreatment of SCCOP, resulting in better sur-
vival and quality of life for patients with this disease.

Epidemiological studies have shown that infection of high-risk HPV
plays an etiological role in SCCOP development (6—11), while only
a small proportion of individuals who have contracted HPV16 infec-
tion will develop SCCOP, suggesting that genetic variants in key genes
of the host may cause an interindividual variation in susceptibility
to HPV16 infection and related SCCOP. pI44RF plays an important
role in the p53/Rb pathways to regulate the cell cycle and apoptosis
(12—-16). While the oncogenic potential of HPV 16 has been recognized
in negatively affecting cell cycle regulation, DNA repair and apopto-
sis by abrogating key functions of tumor suppressor genes, such as
p53, Rb and p14 (17). Thus, p14*RF may maintain genomic stability by
mediating cellular activities, which could have a significant biological
impact on tumor HPV status and prognosis of HPV-associated can-
cers (18). Few studies have been reported for p /4% germline genetic
variants on tumor HPV status and prognosis of HPV-positive SCCOP.
Identification of such biomarkers, such as pI44RF variants, could help
clinicians define an individualized genetic profile of HPV16-positive
SCCOP, and lead to future individualized prevention and treatment.
Therefore, in this study, we aimed to evaluate whether p 4R genetic
variants modify tumor HPV 16 status and survival among HPV-positive
SCCOP patients as well as their potentially functional relevance in a
cohort of 552 incident SCCOP patients. We included the two common
pI4*RF-r$3731217 and rs3088440 tagging single-nucleotide polymor-
phisms with a minor allele frequency >5% and the linkage disequilib-
rium measure 2 threshold at 0.8 for final analysis in this study.

Materials and methods

Study patients

Study participants, a homogeneous group of patients with an incident SCCOP,
were recruited consecutively from an ongoing molecular epidemiology study
of squamous cell carcinoma of the head and neck at The University of Texas
MD Anderson Cancer Center after the approval of the institutional review
board and informed consent from the patients. A total of 552 tumor specimens
with genomic DNA samples from the blood between December 1996 and July
2011 were available from the parent study. Details for subject recruitment have
been described previously (19). Medical record review for follow-up status of
all patients was performed under direct supervision of the senior author and
staff head and neck surgeon. Primary tumor subsite, clinical stage, treatment,
recurrence-free survival, disease-specific survival (DSS) and overall survival
(OS) were reviewed from medical records as assessed between the initial and
final patient contact recorded and medical comorbidites. All patients included
in survival analyses were treated with definitive chemoradiation for curative
intent at our institution.

HPVI6 detection and p14*RF genotyping

Paraffin-embedded tissues of 309 patients were used to extract DNA for tumor
HPV 16 detection using the PCR and in situ hybridization methods described in
our previous studies (19,20). We also included additional 243 SCCOP patients
whose tumor HPV status was clinically available for HPV 16 by in-situ hybrid-
ization and pl16 immunohistochemisrty. More recently, the tumor HPV data
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were now part of the patient’s clinical record as the pathology laboratory at
MD Anderson classified all SCCOP specimens as a standard clinical practice.
pI142RF polymorphisms were genotyped with isolated genomic DNA from a
leukocyte cell pellet of the blood samples, and details for genotyping were
also described previously (21). For the quality control purpose, ~10% of the
samples for tumor HPV 16 status and p/4 genotyping were repeated, and the
results of the rerun samples were 100% concordant.

Immunohistochemical staining

A total of 57 tissue specimens from another subset of 57 incident SCCOP
patients, who were more recently recruited, were used for the staining. After
the formalin-fixed tissue specimens were deparaffinized, rehydrating and
blocking endogenous peroxidase activity antigen was retrieved by microwav-
ing slides in 10mM citrate buffer, pH 6.0, for 15min on high plus 5min on
50% power. Slides were treated with blocking reagent (Biocare, Concord,
CA) and incubated with antibodies specific for pl4 and p53 (Cell signaling
Technologies, Danvers, MA) for 2 h. After washing, slides were incubated
with secondary anti-rabbit horseradish peroxidase (Dako, Carpinteria, CA) for
30min and stained using 3,3'-diaminobenzidine reagent (Dako). Stained slides
were then examined microscopically and scored for average positive intensity
(API) or percentage of positive nuclei.

Statistical analysis

Statistical Analysis System software (Version 9.3; SAS Institute, Cary, NC)
was used for all of the statistical analyses. All of the tests were two sided,
and statistical significance was determined by P < 0.05. We first evaluated
the differences in the distributions of selected variables and pI4%F genotype
frequencies between HPV 16-positive and HPV 16-negative cases by using the
2 test, and t-test was also used to compare the expression levels of p14/p53
between HPV 16-positive and HPV 16-negative SCCOP patients and between
different genotyping groups. We estimated the association between pl44kF
genotypes and tumor HPV 16 positivity among SCCOP by computing the odds
ratios (ORs) and 95% confidence intervals (Cls) using both univariate and
multivariable logistic regression analyses. For survival analysis, only patients
treated with definitive chemoradiotherapy at our institution for curative intent
(n = 285) were included. SCCOP patients were typically followed and moni-
tored through their treatment and posttreatment courses with regularly sched-
uled clinical and radiographic examinations. OS was defined as the time from
first appointment to death from any cause or date of last follow-up. Participants
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who were alive at the end of the study period or lost to follow-up were con-
sidered censored. DSS was defined as the time from first appointment to death
from disease or date of last follow-up. Participants who were alive at the end
of the study period or lost to follow-up were considered censored. Disease-free
survival (DFS) was defined as the time from date of end of treatment to date of
last follow-up or date of clinically detectable recurrent cancer (local, regional
and distant). Participants who were recurrence-free or lost to follow-up were
considered censored. Log-rank test was carried out for analyses between vari-
ous variables and survival endpoints, and Cox’s proportional hazards regres-
sion analysis was used to calculate hazard ratio (HR) and 95% CI. The Cox
model included adjustment for potential confounding effect.

Results

Patient characteristics

Of the 552 patients with SCCOP enrolled in this study, a total of 74
patients died. Thirty-five patients died of their primary malignancy
(e.g. cervical node metastasis, local recurrence). The second most
frequent cause of death was second primary cancer (n = 19) includ-
ing 9 head and neck cancers, 4 lung cancers, 3 esophageal cancers,
1 bladder cancer and others, followed in frequency by death from
causes unrelated to cancer (n = 20). Table I presents the distribution
of demographic variables, risk factors and clinical characteristics of
the study patients. There was no statistically significant difference in
age (P = 0.209), ethnicity (P = 0.141), alcohol drinking (P = 0.583),
comorbidity (P = 0.387), disease staging (P = 0.741) and treatment
(P = 0.100) between HPV16-negative and HPV 16-positive SCCOP
patients. However, a significant or borderline significant differ-
ence was observed for sex or smoking status (P = 0.001 for sex and
P =0.047 for smoking).

Association between p144F genotypes and HPV16-positive SCCOP

Table II summarizes the associations between tumor HPV16 status
and genotypes of pI14*RF-rs3088440 and -rs3731217 polymorphisms.
Genotype distributions for both p/4%-rs3731217 and -rs3088440

Table I. Distribution of selected variables in SCCOP patients by tumor HPV16 status

Variable HPV16-positive patients HPV16-negative patients P value*
(n=439) (n=113)
Number % Number %

Age
<50 years 136 31.0 42 37.2 0.209
>50 years 303 69.0 71 62.8

Sex
Male 384 87.5 85 75.2 0.001
Female 55 12.5 28 24.8

Ethnicity
Non-Hispanic white 404 92.0 99 87.6 0.141
Others 35 8.0 14 12.4

Tobacco smoking
Ever 246 56.0 75 66.4 0.047
Never 193 44.0 38 33.6

Alcohol drinking
Ever 331 754 88 779 0.583
Never 108 24.6 25 22.1

Comorbidity
None to mild 407 92.7 102 90.3 0.387
Moderate to severe 32 7.3 11 9.7

Staging
I-I1 31 7.1 9 8.0 0.741
1-1v 408 929 104 92.0

Treatment
XRT® 119 27.1 35 31.0 0.100
XRT + chemo. and/or surgery 280 63.8 61 54.0
Others® 40 9.1 17 15.0

“Two-sided y? test.
YXRT, radiotherapy; chemo, chemotherapy.
Palliative treatment and/or treatment at outside institution.
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Table II. Association of pI44f" genotypes with tumor HPV 16 status in SCCOP patients

pI14°RF genotypes HPV16-positive patients (n = 439) HPV16-negative patients (n = 113) P Adjusted OR (95%
CI)*
Number % Number % :
pI14*RF 1s3731217
TT (Ref.?) 269 61.3 88 77.9 0.001 1.0
TG+GG 170 38.7 25 22.1 2.1 (1.3-3.6)
pl144RF_rs3088440
GG 276 62.9 89 78.8 0.002 1.0
GA+AA 163 37.1 24 21.2 2.4 (1.4-3.9)
Combined variant
genotypes
0 (Ref.>) 196 44.6 68 60.2 <0.001 1.0
1€ 153 349 41 36.3 1.3 (0.8-2.1)
2¢ 90 20.5 4 35 8.0 (2.8-22.3)
Trend <0.0001

P values for y? test for genotype distribution.

*Adjusted for age, sex, ethnicity, smoking and alcohol status in a logistic regression model.

"Ref. = reference group.

<0: pI4*FF-rs3731217 TT and p14/FF-rs3088440 GG genotypes: 1: pI4*RF-rs3731217 TT and pl4°RF-rs3088440 GA+AA or pl4*fF-s3731217 TG+GG and
pI14*fF 153088440 GG genotypes and 2: p/4*fF-rs3731217 TG+GG and p14*fF-rs3088440 GA+AA genotypes.

were significantly different between HPV16-positive and HPV16-
negative patients (P = 0.001 for pI14*RF-rs3731217 and P = 0.002
for p144fF-3088440). Multivariable analyses showed that for each
polymorphism, patients with variant genotypes were approximately
two or three times more likely to have HPV16-positive tumors than
those with wild-type homozygous genotypes (OR, 2.1; 95% CI,
1.3-3.6 for pI4*f"-rs3731217 and OR, 2.4; 95% CI, 1.4-3.8 for
p14*RF-3088440). Furthermore, we found patients who carried two
variant genotypes were approximately eight times more likely to be
tumor HPV16-positive than those with wild-type homozygous geno-
type of both polymorphisms (OR, 8.0; 95% CI, 2.8-22.3) (Table II)
and patients possessing either variant allele (pI44%" G or p14*kF A)
were approximately two times more likely to have a HPV16-positive
tumor than those without any variant genotypes (OR, 1.9; 95% CI,
1.2-2.9) (data not shown).

Association of pl4*RF genetic variants with survival and risk of
deaths/recurrence

Figure 1A shows the univariate Kaplan—-Meier analyses of survival
with respect to the death from all causes (OS), death from SCCOP
(DSS) and disease recurrence (DFS). Among all 552 SCCOP patients,
57 patients did not receive treatment for curative intent at our institu-
tion and were excluded for survival analysis, resulting in 495 cases
with chemoradiotherapy and follow-up time for final survival analy-
sis. At a median follow-up time of 24.0 months (mean, 34.7 months;
range, 0.2-171 months), 74 deaths from any causes occurred, of
which 35 died from SCCOP, and 59 patients had experienced disease
recurrence. Survival analyses demonstrated that the differences in
08, DSS and DFS of SCCOP between carriers of pl44fF-rs3731217
wild-type homozygous TT and variant TG/GG genotypes were statis-
tically significant (log-rank tests: P < 0.001; P <0.001 and P = 0.002,
respectively). SCCOP patients with p144%7-rs3731217 TG/GG variant
genotypes had better OS, DSS and DFES than the patients with the TT
genotype, whereas such differences in survival were not significant
for p144RF-3088440 polymorphism (log-rank tests: P = 0.982 for OS;
P =0.362 for DSS and P = 0.919 for DFS, respectively).

The results of multivariable Cox proportional hazards regression anal-
ysis regarding the association between pI4*f" polymorphisms and risk
of death overall (death from all cause), death from SCCOP and disease
recurrence among SCCOP patients are shown in Table III. Estimates of
association were adjusted for potential confounders including age, sex,
ethnicity, smoking and alcohol status, treatment, T and N stages, comor-
bidity and tumor HPV status. Compared with patients having pl44kf-
1s3731217 TG/GG variant genotypes, patients with the TT genotype
had significantly increased risk of death overall, death from SCCOP

64

and disease recurrence (HR, 6.7; 95% CI, 2.6—-17.1 for overall death;
HR, 11.2; 95% CI, 2.5-50.6 for death from SCCOP and HR, 2.6; 95%
CI, 1.2-5.8 for recurrence). The increased risk for death overall, death
from SCCOP and recurrence was also observed for patients with the
pI4*R-3088440 GG genotype compared with GA/AA variant geno-
types, but the associations were not statistically significant (Table III).
When we further stratified the patients with radiotherapy only and chem-
oradiotherapy, we found that the significant effect of pI1448F-rs3731217
on OS only (log-rank test: P = 0.005) was observed among patients with
radiotherapy only, whereas such significant modifying effects of p 144"~
rs3731217 on OS, DSS and DFS were found among patients with chem-
oradiotherapy (log-rank tests: P < 0.001 for OS, P < 0.001 for DSS and
P =0.007 for DFS, respectively). Moreover, all these significant effects
remained after adjustment with potential confounders. However, no sig-
nificant effect on survival was found for p 144%F-3088440 polymorphism
(log-rank test: all P values >0.05).

Effect of pl4*RC genetic variants on prognosis among HPVI6-
positive SCCOP patients

When the survival analyses were restricted to tumor HPV16-positive
SCCOP patients, we observed similar findings in risk of death and
recurrence. Among all 397 tumor HPV 16-positive SCCOP patients, 51
deaths from any causes occurred, of which 25 died due to SCCOP, and
45 patients had experienced a disease relapse. As shown in Figure 1B,
the differences in OS, DSS and DFS of SCCOP between carriers of
pl14*%Fr$3731217 wild-type homozygous TT and variant TG/GG
genotypes were statistically significant (log-rank tests: P < 0.001;
P < 0.001 and P = 0.010, respectively). The SCCOP patients with
pI4*RF 53731217 TG/GG variant genotypes had significantly better
OS, DSS and DEFS than the patients with the TT genotype, whereas
such differences in survival were not statistically significant for the
p14*RF-3088440 polymorphism (log-rank tests: P = 0.786; P = 0.710
and P = 0.788, respectively). Multivariable analysis showed that
patients with pl4ARF-rs3731217 TT genotype had significantly
increased risk of death overall, death from SCCOP and disease recur-
rence compared with patients with the TG/GG variant genotypes (HR,
5.4;95% CI, 2.0-14.6 for overall death; HR, 10.1; 95% CI, 2.1-48.7
for death from SCCOP and HR, 2.5; 95% CI, 1.0-5.9 for recurrence)
(Table IV). The increased risk for overall death, death from SCCOP
and recurrence did not reach statistically significant levels for the
p14*RF-3088440 polymorphism (Table IV).

Genotype—phenotype correlation of p14*kF polymorphisms

To further characterize the potentially functional relevance of the
two polymorphisms in pI4*%F promoter and 3’-untranslated region,
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Fig. 1. Survival by the genotypes of pI14*%F polymorphisms in SCCOP patients.
Table ITI. Multivariable survival analysis by p /4% genotypes in 495 SCCOP patients
pI4*F genotypes Total (495) Events Survival
Death (all causes) Death (owing to Recurrence OS DSS DFS
disease)
aHR*, 95% CI aHR, 95% CI aHR, 95% CI
pl4*RF 153731217
TG+GG 179 12 2 12 1.0 1.0 1.0
TT 316 62 33 47 6.7 (2.6-17.1) 11.2 (2.5-50.6) 2.6 (1.2-5.8)
pI14*RF1s3088440
GA+AA 163 22 8 19 1.0 1.0 1.0
GG 332 52 27 40 1.2 (0.6-2.2) 2.1(0.8-5.4) 1.8 (0.8-3.7)

*Adjusted for age, sex, ethnicity, smoking, alcohol, T stage, N stage, treatment, comorbidity and tumor

HPV 16 status in Cox’s models.

we determined p14 and p53 expression levels in tumor tissue speci-
mens among another subset of 57 SCCOP patients by immunohis-
tochemical staining and conducted a correlation analysis between
tumor HPV 16 status and genotypes of the two polymorphisms and
the expression of p14 and p53. Among 57 SCCOP tissue specimens,
we found that 33 were tumor HPV16 positive and 24 were tumor
HPV 16 negative. For p1448F-rs3731217 polymorphism, 37 were TT

genotype and 20 were TG or GG genotypes. For pl448F-3088440
polymorphism, there were 33 patients with GG genotype and 24
with GA or AA genotypes. As shown in Figure 2, the expression
of pl4 (either pl4 percentage of positive nuclei or API) was sig-
nificantly higher in tumor HPV 16-positive patients than the HPV16-
negative cases, whereas the expression of p53 (p53 percentage of
positive nuclei) was significantly lower in tumor HPV16-positive
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Table IV. Multivariable survival analysis by p 4% genotypes in 397 tumor HPV 16(+) SCCOP patients

pI4*RF genotypes Total (397) Events Survival
Death (all causes) Death (owing to Recurrence oS DSS DFS
disease)
aHR*, 95% CI aHR, 95% CI aHR, 95% CI

pI14*RF1s3731217

TG+GG 157 12 2 11 1.0 1.0 1.0

TT 240 39 23 34 5.4 (2.0-14.6) 10.1 (2.1-48.7) 2.5(1.0-5.9)
pI14*RF-rs3088440

GA+AA 144 17 7 17 1.0 1.0 1.0

GG 253 34 18 28 1.1 (0.6-2.3) 1.6 (0.6-4.5) 1.6 (0.7-3.6)

*Adjusted for age, sex, ethnicity, smoking, alcohol, T stage, N stage, treatment, comorbidity and tumor

HPV 16 status in Cox’s models
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Fig. 2. Comparison of p14 and p53 expression levels [percentage of positive nuclei (PPN) or API] in tumor tissue specimens among 57 SCCOP patients with
different tumor HPV 16 status and genotypes of p/4%F-rs3731217 (promoter) and rs3088440 (3’-untranslated region) polymorphisms.

patients than the HPV16-negative cases, and such a difference was
a borderline significant for the p5S3 API (P = 0.076). The similar
significance was also found for both pl44RF polymorphisms, with
a lower expression of pl4 or higher expression of p53 in patients
with homozygous genotype than the cases with variant genotypes
of both p/44%F polymorphisms except a borderline significance for
p144RF-3088440 polymorphism with relation to expression of p53
API (P = 0.052). In this study, due to the small sample size and
few events of outcome among HPV-negative SCCOP patients, we
did not perform such similar survival analysis for this subgroup of
patients.
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Discussion

The current study demonstrates that p/44%" genetic variants may
be associated with tumor HPV16-positive SCCOP and survival of
patients with SCCOP, particularly HPV16-positive SCCOP cases,
and the correlation between both pI4RF genotypes and tumor HPV
status as well as pl4/pS3 expression might further indicate their
potentially functional roles in HPV-associated SCCOP. Such genetic
variants could affect tumor HPV status and survival of HPV16-
positive SCCOP patients and may help identify individuals at high
risk of deaths/recurrence and developing HPV16-positive SCCOP



for potentially optimizing patient’s stratification for HPV16-targeted
therapies.

Chronic HPV infection can cause SCCOP by encoding viral onco-
proteins E6 and E7 that inhibit p53 and Rb tumor suppressors in human
oropharyngeal mucosa. Recent investigation reported that p/4%F may
play critical roles in the development of these HPV-associated can-
cers. Mutation analysis further showed that p7/44f" mutations less
likely occurred in tumors without p53 mutations (more common of
HPV-positive SCCOP) than in those with p53 mutations (typically
HPV negative), and this difference was statistically significant (18).
These findings suggest an interaction between p144kF alterations and
tumor HPV status as well as p53 mutations. In fact, the alterations of
pI144RF were found to be inversely correlated with HPV positivity in
SCCOP (22). As somatic mutations of pI4*8F can cause changes in
pS3 activity, which might have a significant impact in therapy against
HPV-related tumors (23-25), it is speculated that other genetic varia-
tions, such as p/4*RF polymorphisms, may also affect HPV-associated
SCCOP and related outcomes in subgroups of patients.

pl144RT expression is positively regulated by transcription factors,
such as E2F-1 and E2F-2, thus preventing Rb proteasomal degra-
dation (12,14-16), whereas HPV E7 inhibits Rb, resulting in the
release of the active form of E2F-1, and consequently E7 has the
ability to induce p144RF expression. In contrast, p53 negatively reg-
ulates p 144k expression through elimination of MDM2-mediated
inhibition of the p53 activity (13). As E6 inhibits p53 by binding
to E6-AP ubiquitin ligase, which results in ubiquitination and sub-
sequent degradation of p53, E6 can upregulate p/4*%" expression.
Therefore, inactivation of p53 and Rb might upregulate pl44kF
expression, and overexpression of pI44RF could be induced by E6/
E7 expression in HPV16-positive SCCOP. In this report, we have
shown that tumor HPV 16 status of SCCOP patients is associated
with significantly increased expression of p14 and reduced expres-
sion of p53, and such results may further support abovementioned
mechanisms involved in interaction between HPV and these tumor
suppressors. In a study by Hafkamp et al. (26), HPV16-postive
tumors were strongly correlated with p144%F overexpression and
downregulation of Rb in contrast to HPV16-negative tumors.
Overexpression of pI14kF was also strongly associated with HPV-
positive cervical cancers, whereas low expression of pl44fF was
associated with HPV-negative cervical cancers (27). Furthermore,
the overexpression of pl42RF protein levels in E6/E7-expressing
cells was observed in an in vitro study (28). In contrast, our results
from this study indicate that pI14ARF genetic variants were signifi-
cantly associated with tumor HPV status and could serve as a marker
for HPV-positive SCCOP tumors among patients with SCCOP.
Therefore, in addition to HPV and/or pl16 expression, other bio-
markers, such as p/4kF genetic variants, for identifying subgroups
to further stratify SCCOP patients may ensure appropriate therapy
and therefore better survival. For example, among the SCCOP with
radiotherapy only, the variant genotypes of pI448F-rs3731217 only
had better OS than the corresponding wild-type genotype, whereas
among the SCCOP patients with chemoradiotherapy, the same
variant genotypes had better OS, DSS and DFS than the wild-type
genotype. However, such stratified effect by treatment on prognosis
was not significantly different among the SCCOP patients with dif-
ferent genotypes of p14487-3088440 polymorphism.

Although the precise mechanisms by which pl44fF genetic vari-
ants play a role in the development of HPV16-associated SCCOP
has not been clarified, these two p /448 genetic variants may result in
different splice transcripts that may have different consequences of
cellular activities, subsequently contributing to interindividual vari-
ations in susceptibility to tumor HPV status among HPV-associated
cancers (29,30). So far, no studies on functional relevance of these
two pIl4*R" polymorphisms have been reported. Since expression
of pI44RF is negatively regulated by p53 through MDM2-mediated
inhibition of the p53 activity and these two pI44%F polymorphisms
are within the functional regions of the gene’s promoter (pl44"-
rs3731217) and 3’-untranslated region (p144% -rs3088440), we spec-
ulated that these two pI44f" variants may have potentially functional
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effect on expression levels of pl14RF and p53 by altering the effi-

ciency of translational initiation, leading to interindividual differ-
ences in susceptibility to tumor HPV16 status among patients with
SCCOP and treatment response. Indeed, in this study, we found that
the variant genotypes of these two polymorphisms are significantly
or borderline significantly correlated with increased expression of
pl14ARF but with decreased expression of p53 in 57 SCCOP speci-
mens. Although the functional relevance of these two polymorphisms
has not yet been elucidated, our results might partially suggest a func-
tional correlation between the two polymorphisms and expression of
pl142%Fand p53, which may provide preliminary evidence of biologi-
cal plausibility for the observed association in the current study. In
addition, pI44R" polymorphisms may be in linkage disequilibrium
with other functional polymorphisms or adjacent susceptibility loci
of the gene, thereby affecting pI144FF gene expression and activity.
This could lead to altered interaction of p14 with HPV16 or other
cell cycle-related regulators, thus modulating tumor HPV status and
prognosis of HPV-associated cancers. However, understanding of the
exact mechanisms by which these two polymorphisms affect p14 and
p53 expression and interaction with HPV warrant further in vitro and
in vivo studies.

We have previously reported an association of these two polymor-
phisms with risk of second primary tumors among patients with index
head and neck cancers (21). Other data on these two putative func-
tional polymorphisms are lacking and our data here suggest that these
two genetic variants may have functional significance as they appear to
correlate with tumor HPV status and p14/p53 expression and affect sur-
vival among this cohort of SCCOP patients. These results imply that,
if validated, germline variations should be taken into consideration for
future treatment and prevention strategies of SCCOP, because such
variations may contribute to the susceptibility to radio- and chemo-
therapy-induced cellular activities, such as apoptosis. It may ultimately
be possible to alter the intensity of current treatments in HPV-positive
SCCOP patients with known pI44f" genotypes in order to improve
functional and quality of life outcomes while maintaining high survival
rates. In conclusion, our results demonstrated that these p144%" genetic
variants were significantly associated with tumor HPV16-positive
SCCOP as well as the survival of such patients. Further larger studies
are required for validation of our findings and an exploration of the
molecular mechanisms underlying the observed associations.
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