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Abstract
Smoking and alcohol intake aremajor risk factors in head and neck squamous cell carcinomas (HNSCCs). Although the
link between TP53 mutation and smoking has been well established, very little is known about the link between
acquired uniparental disomy (aUPD) and smoking and/or alcohol consumption or other clinical characteristics. We
used TCGA genomic data to investigate whether smoking, alcohol intake, clinical and demographic variables, HPV
status and TP53 mutation are associated with aUPD at specific chromosomal regions. In multivariate analysis, we
found association between aUPD regions and risk factors and clinical variables of disease. aUPD regions on
chromosome 4q, 5q, 9p, 9q, 13q, 17p and CDKN2A occurred significantly more often in patients with TP53-mutated
HNSCC than in those with wild-type HNSCC, while aUPD regions on chromosome 9p and at CDKN2A were
significantly more frequent in females than in males. Besides, aUPD occurred more frequent in HPV-positive than in
HPV-negative samples with all HNSCC and larynx cancers on chromosome 9q 15q and 17p. Moreover, aUPD on
CDKN2A region occurred more often in alcohol drinkers than nondrinkers in patients with all HNSCC and oral cavity
cancers, while aUPD region on chromosome 5q occurred less in alcohol drinkers than nondrinkers in patients with all
HNSCC and oral cavity cancers. Similarly, aUPD region on chromosome5q occurred less in smokers than nonsmokers
in patientswith all HNSCC and oral cavity cancers. In conclusion, aUPD regions are not random, and certain regions are
associated with risk factors for disease, and with TP53 mutation status.
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troduction
ead and neck squamous cell carcinoma (HNSCC) is the seventh most
mmon type of cancer and the second most common smoking-related
ncer worldwide [1–3]. It presents in multiple sites, including the oral
vity, larynx, oropharynx, and hypopharynx. Oral cancers account
most one-third of HNSCCs [1]. Smoking is a major risk factor for
NSCCs (85%–90%), and alcohol is a risk factor for pharyngeal and
ryngeal cancers. Thus, smoking either alone or combination with
cohol consumption increases the risk of HNSCCs.
Nonetheless, 10%–15% of HNSCCs are diagnosed in never-
okers and never-drinkers. Human papillomavirus (HPV) infection
another risk factor for HNSCCs, especially for oropharyngeal
ncers (20%–72%); in fact, the incidence of oropharyngeal cancer in
ung men is higher among nonsmokers than among smokers in the
nited States [4–7]. Moreover, the incidence of oral cavity and oral
ngue squamous cell carcinomas is increasing among white females
ed 18 to 44 years [8].
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TP53 mutations occur more frequently in smokers than in
nsmokers with HNSCC [9]; this mutation is also more common in
PV-negative than in HPV-positive patients with HNSCC [10].
owever, it is not known whether smoking, alcohol intake, and HPV
fections are linked to specific acquired uniparental disomy (aUPD)
gions or to the frequency of aUPD in HNSCCs. aUPD, an allele-
sed alteration in the genome, represent commonly hidden
terations because in most cases, there is no change in the DNA
py numbers. It is not always as after one allele is lost, the remaining
lele must be duplicated.
The concept of UPD was first introduced by Engel in 1980 as
rmline event [11]. aUPD can occur either as segmental or whole-
romosome aUPD. Germline and somatic UPD as well as whole-
romosome and segmental aUPD can arise through different
echanisms. A whole-chromosome can be lost in anaphase due to
gging and replicated in subsequent cell division resulting in whole-
romosome aUPD. The underlying mechanism for segmental
PD has been proposed to occur as the consequence of mitotic
combination [12–15]. In addition, breakage-fusion-bridge (BFB)
ents in cancers can result in loss of chromosomal segments or
hole-chromosomes that are frequently replicated in subsequent
plication [16]. Thus, BFB and subsequently replication of the
tained chromosome or chromosome region is another mechanism
derlying aUPD.
aUPD has been associated with the generation of homozygous
errations that alter pathophysiology across cancer lineages affecting
mor aggressiveness, survival and therapeutic sensitivity. For
ample, aUPD encompassing the BRCA1 region have been
sociated with shorter overall survival in ovarian cancers [17].
milarly, in AML aUPD at chromosome 13q can result in
mozygosity of mutations at FLT3 and JAK2 resulting in an
gressive phenotype [18]. FLT3 and JAK2 mutations increase ROS
d HR capacity resulting in increased inter-chromosomal homol-
ous recombination (iHR) events and extensive aUPD in AML [19].
terestingly, treatment of FLT3 and JAK2 mutant AML cells with
e antioxidant N-acetylcysteine decreased reactive oxygen species,
d restored homologous recombination activity [19]. Of note,
mors with aUPD at chromosome 17p associated with mutant
P53 showed increased RAD51 expression and HR activity resulting
increased resistance to traditional chemotherapy [20]. Association
tween aUPD at chromosome 4q and 9p resulting in homozygosity
TET2 and JAK2 genes, respectively, was found in myeloprolif-
ative disorders, leading to increased oncogenic stress [21,22]. In
ct, 33% of homozygous and 8% of heterozygous TET2 mutant
ice developed lethal myeloid malignancies in the first year of life
3]. Silencing of the wild type gene through aUPD regions can
ntribute to loss of tumor suppressors altering cellular transforma-
on [24]. Studies, in particularly, comprehensive analysis of aUPD
ve been limited in HNSCC. In studies of a small number of
mors, recurrent aUPD at chromosome 3p21.31-p21.1 and
p13.3-p13.1 regions were identified in HNSCCs [25], and at
romosome16p11.2 in oral cancers [26]. However, association
tween aUPD regions and clinical, and etiologic factors have not yet
en presented.
Identification of aUPD regions can also pinpoint monoallelically
pressed genes in the region and/or homozygous alterations in genes in
e region that can affect tumor pathophysiology. Thus integrating
PD with identification of mutations or genomic methylations can
ovide important mechanistic, etiologic and therapeutic information.
In this study, we investigated whether risk factors such as smoking,
cohol intake, HPV infection, and clinical factors are associated with
e acquisition or relative frequency of specific aUPD regions in the
nome in HNSCC.

aterials and Methods

amples
In this study, we included HNSCCs from The Cancer Genome
tlas (TCGA) (http://tcga-portal.nci.nih.gov/tcga-portal, currently in
tps://portal.gdc.cancer.gov/). Clinical and patient characteristics
ere acquired from TCGA. HPV status is as reported by TCGA and
Nulton et al. [10,27]. HNSCCs are a heterogeneous group of

ncers that include oral, oropharyngeal, larynx, and hypopharynx
ncers. Cancers in the buccal mucosa, floor of mouth, hard palate,
, oral cavity, oral tongue, and alveolar ridge are considered oral
vity cancers [10]. Cancers in the tonsil, soft palate, base of tongue
d oropharynx are considered oropharyngeal. Analysis was per-
rmed in six groups separately: 1) all HNSCC samples, regardless of
PV status and organ site, 2) HPV-negative HNSCC, 3) all oral
vity cancers, regardless of HPV status, 4) HPV-negative oral cavity
ncers, 5) all laryngeal cancers, and 6) HPV-negative laryngeal
ncer samples. All clinical and demographic data are summarized in
able S1. Patients who were reported to be a smoker for 15 years or
ss and are not current smokers were considered reformed smokers.
atients who currently smoke were considered current smokers.
bjects who reported being lifelong nonsmokers were considered
nsmokers. Alcohol intake was described as life-long nondrinker
hen patients had b12 alcoholic beverages during their lifetime or
12 beverages during their lifetime but with a consumption per day
ual to “0.” The remaining subjects were considered drinkers.

enomic Data and Analysis
We used SNP genotyping data from TCGA. QC was performed by
ing Genotyping Console software (GCOS), and CHP files were
nerated with the same software. In this study, only data that passed
C were included (n = 448). aUPD (Figure S1) analysis was
rformed by using Copy Number Analyzer for GeneChip (CNAG)
.4 (http://www.genome.umin.jp) as described earlier [17]. The
allest overlapping regions of aUPD were defined by comparing
PD endpoints (3′ and 5′) as described before [17]. The Dec 2013
man genome browser (NCBI Build 38/hg38; http://genome.ucsc.
u) was used for identification of gene localization. If only one
eakpoint was occurred, this was described as telomeric aUPD. When
least two breakpoints occurred, this was described as centromeric
PD. Telomeric and centromeric aUPD together was considered

gmental. If aUPD presented as a whole-chromosome, this was
nsidered whole-chromosome aUPD; if aUPD presented in only one
m of a chromosome, this was considered to be either p or q arm
PD. Total aUPD was a summary of segmental and whole-
romosome.
tatistical Analyses
A Pearson's chi-squared test and multivariate logistic regression
odel were used for association between aUPD regions and stage,
ade, age, gender, HPV status, smoking, alcohol intake, and TP53
utation status. A nonparametric Kruskal-Wallis test and multivar-
te linear regression analysis were performed to identify the
sociation between total, telomeric, centromeric, segmental, and

http://tcga-portal.nci.nih.gov/tcga-portal
https://portal.gdc.cancer.gov
http://www.genome.umin.jp
http://genome.ucsc.edu
http://genome.ucsc.edu
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hole-chromosome; p and q arms of chromosome aUPD; and
oking, alcohol intake, and TP53 mutation status. The TP53
utation was selected because it is the most frequently mutated gene
HNSCCs. Statistical analyses were performed with use of STATA
0.0 software (Stata Corp., College Station, TX).

esults
this study, we investigated whether the frequency of aUPD (total,
lomeric, centromeric, segmental, whole, p and q arms of
romosome) was associated with smoking, alcohol intake, and
P53 mutation status in all HNSCC, only HPV-negative HNSCC,
l oral cavity, only HPV-negative oral cavity, all laryngeal, and only
PV-negative laryngeal cancer samples. We excluded only HPV-
sitive HNSCC, oropharyngeal, and hypopharyngeal cases due to
all sample size.
We found that the frequency of aUPD was associated with
oking status in laryngeal cancers. The frequencies of total aUPD
= .0008), telomeric (P = .0006), centromeric (P = .0363), seg-
ental (P = .0007), p arm (P = .0370), and q arm of chromosomes
= .0006) were significantly higher, except whole-chromosome
PD (P = .4433) in reformed smokers than in current smokers in

ryngeal cancer samples (Table S2 and Figure S2). Indeed, the
equency of aUPD (total, telomeric, centromeric, segmental, and q
m of chromosome) was significantly higher in reformed smokers
= .0079, P = .0085, P = .0434, P = .0064, and P = .0071,
spectively) than in current smokers in HPV-negative patients
ith laryngeal cancers; no significant associations were found between
hole (P = .5434) and p arm (P = .0722) of chromosomes, and
oking. These results indicated that smoking may be a more
evalent risk factor in laryngeal cancers for aUPD than in oral cavity
ncers. Indeed, 91.2% of patients with laryngeal cancers were
okers, either current or reformed, whereas only 69.26% of patients
ith oral cavity cancers were smokers in this cohort. In contrast, the
equency of aUPD (total, telomeric, centromeric, segmental, whole-
romosome, p and q arms of chromosomes) was not associated with
oking status in all HNSCC, HPV-negative HNSCC, all oral
vity, and only HPV-negative oral cavity cancer samples (Table S2
d Figure S2). In multivariate analysis, no association was found
tween frequency of aUPD and smoking in patients with HNSCC,
al cavity and larynx cancers (Table S2 and Figure S2).
Moreover, we found that the frequency of centromeric aUPD was
gnificantly higher in alcohol drinkers than in nondrinkers in all
NSCCs (P = .0440), in all oral cavity cancers (P = .0120), and in
ly HPV-negative oral cavity cancers (P = .0381), but no difference
as found in all laryngeal (P = .8418) or HPV-negative laryngeal
= .9702) cancers. In contrast, the frequency of whole-chromo-
me aUPD was significantly higher in nondrinkers than in drinkers
all HNSCC (P = .0090), in HPV-negative HNSCC (P = .0011),
all oral cavity (P = .0010), and in HPV-negative oral cavity cancers
=.0004), whereas no difference was found between drinkers and
ndrinkers in all laryngeal (P = .7467) and HPV-negative laryngeal
ncer (P = .6832) samples (Table S2 and Figure S3). In multivariate
alysis, only frequency of whole-chromosome was associated with
cohol intake in patients with HPV-negative HNSCC (P = .018),
ith all oral cavity (P = .016), and with HPV-negative oral cavity
ncers (P = .024) (Table S2).
In analysis by gender, we found that the frequency of aUPD in
ales was higher than in females in all and in HPV-negative
NSCC, in all and in HPV-negative oral cavity cancers, but not in
ryngeal cancers (Figure 1). The frequencies of centromeric (P =
007), segmental (P = .0386), and q arm (P = .0013) aUPD were
gnificantly higher in males than in females, but total (P = .1279),
lomeric (P = .4399), whole-chromosome (P = .1199), and p arm
= .7477) aUPD frequency did not differ by gender in all HNSCC
igure 1). The frequencies of centromeric (P = .0127) and q arm
= .0108) aUPD were significantly higher in male than in female
tients in all oral cavity. In multivariate analysis also association was
und between gender and frequency of total aUPD (P = .039),
ntromeric (P = .002), segmental (P = .29), and q arm (P = .001)
patients with all HNSCC, and frequency of q arm aUPD (P =
15) in all oral cavity cancers (Table S2).
Next, we determined whether the frequency of aUPDwas associated
ithTP53mutation status.We found a significant association between
e frequency of aUPD and TP53 mutation in all groups. The
equency of total aUPD (P = .0001), telomeric (P = .0001), centro-
eric (P = .0001), segmental (P = .0001), whole (P = .0019), p arm
= .0001), and q arm (P = .0001) of chromosomes was significantly
gher in TP53-mutated samples than in wild types in all HNSCC
mples (Figure 2). Moreover, the prevalence of total aUPD (P =
001), telomeric (P = .0001), centromeric (P = .0001), segmental
= .0001), whole (P = .0240), p arm (P = .0002), and q arm (P =
001) of chromosomes was significantly higher in TP53-mutated
PV-negative HNSCC than in wild types (Figure 2). Similarly, in all
ryngeal cancer samples, the frequency of total aUPD (P = .0004),
lomeric (P = .0067), centromeric (P = .0048), segmental (P =
012), whole-chromosome (P = .0195), p arm (P = .0115), and q
m (P = .0012) of chromosomes was significantly more common in
P53-mutated than in non-TP53 mutated cases (Figure 2 and Table
). Moreover, the frequencies of total aUPD (P = .0015), telomeric
= .0103), centromeric (P = .0054), segmental (P = .0016), p arm
= .0051), and q arm (P = .0121) were significantly higher in TP53-
utated samples than in wild types in HPV-negative laryngeal cancer
mples, except in whole-chromosome aUPD (P = .0943) (Figure 2).
contrast, the frequencies of only total aUPD (P = .0173),

ntromeric (P = .0014), and q arm (P = .0194) of chromosomes
as significantly higher in TP53-mutated than in wild types in patients
ith HPV-negative oral cavity cancers. In all oral cavity cancers, the
equencies of total aUPD (P = .0034), centromeric (P = .0001),
gmental (P = .0132), whole-chromosome (P = .0293) and q arm of
romosomes (P = .0053) was significantly higher in TP53-mutated
an in wild types (Figure 2 and Table S2).
Next we tested for differences in the frequency of aUPD among
tient samples by age. The frequency of p arm aUPD was
gnificantly higher in all HNSCC (P = .0403) and in HPV-
gative HNSCC (P = .0478) patients with age over 50 than in
der and equal to 50. However, the frequency of aUPD was not
sociated with age in oral cavity and larynx samples (Table S2).
ultivariate analysis also revealed that frequency of aUPD
gnificantly associated with TP53 mutations, gender and age in
tients with HNSCC, while frequency of aUPD associated with
cohol intake, TP53 mutation and gender in oral cavity cancers, and
ith TP53 mutation in larynx cancers (Table S2).

ssociation of Smallest Overlapping Regions (SOR)
f aUPD with Clinical Characteristics
e then identified 34 of the SORs of aUPD including CDKN2A.
e further investigated whether stage, grade, gender, age, HPV
atus, smoking, alcohol intake, and TP53 mutations were associated
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Figure 1. Frequency of total, telomeric, centromeric, segmental, and whole-chromosome aUPD by gender in all HNSCC, HPV-negative
HNSCC, all oral cavity cancers, and HPV-negative oral cavity cancers.
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ith the SORs of aUPD in the whole genome. In addition, we tested
letion of the CDKN2A region for association with clinical
aracteristics.

ssociation Between Smoking and aUPD Regions
We found that aUPD at the 17p13.3 region (P = .032 and P =
18) and deletion at CDKN2A (P = .039 and P = .039) were
gnificantly more common in current smokers than in never smokers
d reformed smokers in all (Table S3) and in HPV-negative
NSCCs (Table S4). When we tested only patients with all oral
vity cancers, three independent regions at chr 9q22.33 (P = .020),
r 9q33.2 (P = .042), and 9q34.13 (P = .009) and one at chr
p13.3 (P = .050) were significantly more common in current
okers than in never and reformed smokers (Table S5). Similarly,
e aUPD region at chr 9p21.1 (P = .032) and two at chr 9q
q22.33; P = .025 and 9q34.13; P = .005) were more frequent in
rrent smokers than in never and reformed smokers in HPV-
gative oral cavity cancers (Table S6). In contrast, aUPD at chr
11.2 region was more frequent in never smokers than in smokers
urrent and reformed smokers) in all (P = .042) (Table S3) and in
PV-negative (P = .020) HNSCCs (Table S4). Moreover, in
tients with laryngeal cancer, three independent aUPD regions



w
an
5q
Si
ca
q3
sm
an
S8
w

sm
ca

A

as
5q
H
(T
ne

selp
mas

C
CS

N
HllA

VP
H

-
C
CS

N
H

evitagen
ytivaclarollA

VP
H

-
ytivaclaro

evitagen

0

10

20

30
latotfo

ycneuqerF
aU

PD

No TP53
mutation

TP53
mutation

0

5

10

15

Fr
eq

ue
nc

y 
of

 c
en

tro
m

er
ic

aU
PD

No TP53
mutation

TP53
mutation

0

10

20

30

latotfo
ycneuqerF

aU
PD

No TP53
mutation

TP53
mutation

0

1

2

3

4

Fr
eq

ue
nc

y 
of

 w
ho

le
 c

hr
o

aU
PD

TP53
mutation

No TP53
mutation

0

5

10

15

Fr
eq

ue
nc

y 
of

 te
lo

m
er

ic
aU

PD

No TP53
mutation

TP53 
mutation

0

5

10

15

Fr
eq

ue
nc

y 
of

 c
en

tro
m

er
ic

aU
PD

TP53
mutation

No TP53
mutation

0

5

10

15

20

25

Fr
eq

ue
nc

y 
of

 s
en

tro
m

er
ic

aU
PD

No TP53
mutation

TP53
mutation

0

5

10

15

Fr
eq

ue
nc

y 
of

 te
lo

m
er

ic
aU

PD

No TP53
mutation

TP53
mutation

0

1

2

3

4

Fr
eq

ue
nc

y 
of

 w
ho

le
 c

hr
o

aU
PD

No TP53
mutation

TP53
mutation

0

5

10

15

20

25

Fr
eq

ue
nc

y 
of

 s
eg

m
en

ta
l a

U
PD

TP53
mutation

No TP53
mutation

*p = 0.0001 *p = 0.0001 *p = 0.0001*p = 0.0001 *p = 0.0019

*p = 0.0001 *p = 0.0001 *p = 0.0001 *p = 0.0001 *p = 0.0240

No TP53
mutation

TP53
mutation

0

5

10

15DP
Ualatotfo

ycneuqerF

*p = 0.0034

No TP53
mutation

TP53
mutation

0

2

4

6

8

Fr
eq

ue
nc

y 
of

 te
lo

m
er

ic
 a

U
PD

p = 0.2268

No TP53
mutation

TP53
mutation

0

2

4

6

8

Fr
eq

ue
nc

y 
of

 c
en

tro
m

er
ic

 a
U

PD

*p = 0.0001

No TP53
mutation

TP53
mutation

0

5

10

15

Fr
eq

ue
nc

y 
of

 s
eg

m
en

ta
l a

U
PD

*p = 0.0132

No TP53
mutation

TP53
mutation

0

1

2

3

Fr
eq

ue
nc

y 
of

 w
ho

le
 c

hr
 a

U
PD

*p = 0.0293

No TP53
mutation

TP53
mutation

0

1

2

3

Fr
eq

ue
nc

y 
of

 w
ho

le
 c

hr
 a

U
PD p = 0.1028

No TP53
mutation

TP53
mutation

0

5

10

15

Fr
eq

ue
nc

y 
of

 s
eg

m
en

ta
l a

U
PD p = 0.0561

No TP53
mutation

TP53
mutation

*p = 0.0014

0

2

4

6

8

Fr
eq

ue
nc

y 
of

 c
en

tro
m

er
ic

 a
U

PD

No TP53
mutation

TP53
mutation

0

2

4

6

8

Fr
eq

ue
nc

y 
of

 te
lo

m
er

ic
 a

U
PD

p = 0.3640

0

5

10

15DP
Ualatotfo

ycneuqerF

No TP53
mutation

TP53
mutation

*p = 0.0173

No TP53
mutation

TP53
mutation

0

5

10

15DP
Ualatotfo

ycneuqerF

No TP53
mutation

TP53
mutation

0

2

4

6

8

Fr
eq

ue
nc

y 
of

 te
lo

m
er

ic
 a

U
PD

No TP53
mutation

TP53
mutation

0

5

10

Fr
eq

ue
nc

y 
of

 c
en

tro
m

er
ic

 a
U

PD

No TP53
mutation

TP53
mutation

0

5

10

15

Fr
eq

ue
nc

y 
of

 s
eg

m
en

ta
l a

U
PD

No TP53
mutation

TP53
mutation

0

1

2

3

Fr
eq

ue
nc

y 
of

 w
ho

le
 c

hr
 a

U
PD

No TP53
mutation

TP53
mutation

0

5

10

15DP
Ualatotfo

ycneuqerF

No TP53
mutation

TP53
mutation

0

2

4

6

8

Fr
eq

ue
nc

y 
of

 te
lo

m
er

ic
 a

U
PD

No TP53
mutation

TP53
mutation

0

5

10

Fr
eq

ue
nc

y 
of

 c
en

tro
m

er
ic

 a
U

PD

No TP53
mutation

TP53
mutation

0

5

10

15

Fr
eq

ue
nc

y 
of

 s
eg

m
en

ta
l a

U
PD

No TP53
mutation

TP53
mutation

0

1

2

3

Fr
eq

ue
nc

y 
of

 w
ho

le
 c

hr
 a

U
PD

recnac
xnyralllA

VP
H

-
recnac

xnyral
evitagen

*p = 0.0103

*p = 0.0004 *p = 0.0067 *p = 0.0048 *p = 0.0012 *p = 0.0195

*p = 0.0015 *p = 0.0054 p = 0.0943*p = 0.0016

Figure 2. Frequency of total, telomeric, centromeric, segmental, and whole-chromosome aUPD by TP53 status in all HNSCC, HPV-
negative HNSCC, all oral cavity cancers, and HPV-negative oral cavity cancers.
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ere significantly more common in never smokers than in current
d reformed smokers: regions at chr 4q32.1–32.3 (P = .004), at chr
11.2 (P = .014), and at chr 5q23.3-q31.1 (P = .029) (Table S7).
milarly, in HPV-negative samples from patients with laryngeal
ncer, two aUPD regions at chr 5q11.2 (P = .0050) and 5q23.3-
1.1 (P = .0100) were more frequent in never smokers than in
okers, and the region at chr 13q22.1 was more frequent in never
d reformed smokers (P = .0370) than in current smokers (Table
). In multivariate analysis also, aUPD region at chr 5q23.3-q31.1
as more frequent in never smokers than current and reformed
okers in all and HPV-negative HNSCC, and in all oral cavity
ncers (Tables S3–S6).

ssociation Between aUPD Regions and Alcohol Intake
Next we determined whether any of these SORs of aUPD were
sociated with alcohol intake. We found that the aUPD region at chr
23.3-q31.1 was more common in nondrinkers than in drinkers in all
NSCC (P = .042) (Table S3), in HPV-negative HNSCC (P = .026)
able S4), in all oral cavity cancer (P = .024) (Table S5), and in HPV-
gative oral cavity cancer (P = .026) (Table S6) samples. No
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sociation was found between any SORs of aUPD and alcohol intake
larynx cancers (Tables S7 and S8). Similar result was found in
ultivariate analysis; aUPD region at chr 5q23.3-q31.1 was more
mmon in nondrinkers than in drinkers in all and HPV-negative
NSCC, and in patients with all and HPV-negative oral cavity cancers
ables S3–S6). In contrast, aUPD was significantly more common on
DKN2A region in drinkers than nondrinkers in all HNSCC (OR =
85, P = .010, 95%CI = 1.28–6.32), in HPV-negative HNSCC
R = 3.31, P = .007, 95%CI = 1.38–7.93), in all oral cavity cancers
R = 3.36, P = .015, 95%CI = 1.27–8.87), and in patients with
PV-negative oral cavity cancers (OR = 3.63, P = .014, 95%CI =
29–10.19) (Table S3–S6).

ssociation Between aUPD Regions and Gender
Next, we determined whether any of the SORs of aUPD that we
entified were associated with gender. Of interest, even though frequency
aUPD was higher in males (mean: 3.78 in males, 2.96 in female), nine
Rs of aUPD at chr 9p (9p24.3;P b .0001, 9p24.1;P b .0001, 9p23-
2.3; P = .007, 9p22.3-p22.2; P = .005, 9p21.3_1; P = .0050,
21.3_2; P = .009, 9p21.3-p21.2; P = .023, 9p21.7; P = .044, and
13.3; P = .043) and at CDKN2A (P = .004) were significantly more
mmon in females than in males in all HNSCC samples (Table S3).
oreover, two aUPD regions at chr 6p22.1-p21.33 (P = .039) and at chr
12.3 (P =.038), seven regions at chr 9p (9p24.3; P = .001, 9p24.1;
= .001, 9p23-p22.3; P = .018, 9p22.3-p22.2; P = .015, 9p21.3_1;
= .018, 9p21.3_2; P = .022, and 9p21.3-p21.2; P = .042), and
DKN2A (P = .007) were significantly higher in female than in male
tients with oral cavity cancers (Table S5). Similarly, five aUPD regions at
r 9p (9p24.3; P = .003, 9p24.1; P = .003, 9p23-p22.3; P = .050,
22.3-p22.2; P = .040, and 9p21.3_1; P = .050), and one atCDKN2A
= .022) were significantly higher in female than in male patients with
PV-negative oral cavity cancers (Table S6). In contrast, no association
as found between aUPD regions and gender in all and HPV-negative
ryngeal samples (Tables S7 and S8). In multivariate analysis, ten aUPD
gions at chr 9p and CDKN2A associated with gender in all and HPV-
gativeHNSCC, and in all andHPV-negative oral cavity cancers (Tables
–S6).

ssociation Between aUPD and TP53 Mutation
We then determined whether any of the SORs were associated with
P53 mutations. We found that regions at chr 4q32.1–32.3 (P =
47), 5q23.3-q31.1 (P = .034), 6p12.3 (P = .025), 9p13.3 (P =
21), 9q22.33 (P b .0001), 9q31.3 (P b .0001), 9q33.2
b .0001), 9q34.13 (P b .0001), CDKN2A (P b .0001), 11q25
= .039), 13q22.1 (P = .022), 15q26.3 (P = .009), 17p13.3 (P =
01), and 17p12 (P = .005) and deletion on CDKN2A regions were
gnificantly more frequent in TP53-mutated samples than in wild
pes in all HNSCC samples (Table S3). Similar results were observed
HPV-negative HNSCCs (Table S4). Moreover, in patient with
al cavity cancers, aUPD regions at chr 9q22.33 (P = .009), chr
31.3 (P = .012), chr 9q33.2 (P = .007), chr 9q34.13 (P = .005),
d chr 13q22.1 (P = .020) and deletion on CDKN2A (P b .0001)
ere significantly more common in TP53-mutated than in wild types
able S5). Similarly, in patients with HPV-negative oral cavity
ncers, aUPD regions at chr 9q22.33 (P = .021), 9q31.3 (P = .028),
33.2 (P = .022), 9q34.13 (P = .015), 13q22.1 (P = .037), and in
letion on CDKN2A (P b .0001) were significantly more frequent
TP53-mutated than in wild types (Table S6). In contrast, in all and
PV-negative laryngeal cancers, only deletion on CDKN2A region
= .01 and P = .047) was more common in TP53-mutated samples
an in wild types (Tables S7 and S8). In multivariate analysis, 11
dependent aUPD regions [(chr 4q32.1–32.3, chr 5q23.3-q31.1,
r 9p21.1, 9p13.3, four at chr 9q (9q22.33, 9q31.3, 9q33.2,
34.13), chr 13q22.1, two at chr 17p (17p13.3 and 17p12), and
DKN2A)], and deletion on CDKN2A region were associated with
P53 mutation status in all HNSCC, while only one aUPD regions
9p21.3, four at chr 9q (9q22.33, 9q31.3, 9q33.2 and 9q34.13),
d aUPD and deletion on CDKN2A, and one at 13q22.1 in oral
vity cancers, and three independent aUPD regions at chr 9q (q31.3,
33.2 and 9q34.13), and one at 13q22.1, and deletion on
DKN2A were associated with TP53 mutation in HPV-negative
al cavity cancers (Tables S3, S5 and S6).

ssociation Between aUPD Regions and HPV Status, Disease
tage, Grade, and Age
Next we found aUPD regions at chr 9q22.33 (P = .034) and
33.2 (P = .032), 15q26.3 (P = .031) in HNSCC (Table S3) and at
r 17p13.3 (P = .036) in oral cavity cancers (Table S5) were more
mmon in HPV-positive than in HPV-negative cases. Similarly, in
tients with laryngeal cancer, aUPD regions at chr 9q (9q22.33;
= .025, 9q31.3; P = .035, 9q33.2; P = .025, and 9q34.13; P =
35, respectively), chr 15q26.3 (P = .027), and chr 17p13.3 (P =
26) were more frequent in HPV-positive than in HPV-negative
ses (Table S7). In multivariate analysis, we also found five aUPD
gions (four at chr 9q and one at 15q) in patients with HNSCC, and
x aUPD regions (four at chr 9q, one at chr 15q, and one at chr 17p)
patients with larynx cancers were more common in HPV-positive
an in HPV-negative cases (Tables S3 and S7).
When we tested the association between aUPD regions and stage
all HNSCC samples, we found aUPD at chr 9q regions (9q22.33;
= .046, 9q31.3; P = .043, 9q33.2; P = .043, 9q34.13; P = .032),
ere more prevalent in stages III and IV than in stages I and II (Table
). These data suggest that aUPD in those regions may occur in later
ages of disease and that genes in these regions may be involved in
sease progression. In multivariate analysis, no association was found
tween stage and aUPD regions (Tables S3-S8).
Whenwe tested the association between aUPD regions and grade, we
und that aUPD region at chr 3p24.3 was more common in grade 1
an in grades 2, 3, and 4 in all HNSCC samples (P = .003), in HPV-
gativeHNSCCs (P = .041) (Table S3), in all oral cavity cancers (P =
32) (Table S5), and in all larynx cancers (P = .004) (Table S7). These
ta indicate that aUPD at chr 3p24.3 may occur in lower grades of
sease. In multivariate analysis, 13 independent aUPD regions
cluding CDKN2A were associated with grade in all HNSCC, and
ur aUPD regions in all oral cavity cancers (Tables S3 and S5).
When we tested the association between aUPD regions and age, we
und that aUPD region at chr 17p12 was more common in age older
an 50 than in equal or under 50 in all larynx (P = .016) (Table S7)
d HPV-negative larynx cancers (P = .037) (Table S8), when aUPD
gions at chr 8p23.2 (P = .030 and P = .036), 8p23.1 (P = .030
d P = .036) were more common in younger age. In multivariate
alysis, only aUPD region on CDKN2A region was significantly
equent in age older than 50 than in equal or under 50 in all and
PV-negative HNSCC, and oral cavity cancers (Tables S3-S6).
We integrated aUPD with TCGA mutation and methylation data
om the most frequently altered genes TP53 and CDKN2A. aUPD at
P53 region was identified in 131 samples, and in 127 out 129 aUPD
sitive samples where sequencing data was available, TP53 was
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utated. Thus only two samples were wild type for TP53. However
th of the samples that were wild type for TP53 carried mutations in
her genes in the region, in one sample DVL1 gene was mutated, and
the otherDNAH2 was mutated. Thus aUPD provides a mechanism
derive uniformlymutated p53 protein in themajority of samples with
PD associated with TP53. CDKN2A is more complicated than

P53. aUPD at the CDKN2A region was found in 96 samples.
DKN2A was mutated in 28 of 96 samples, methylated in 61 samples,
mozygously deleted due to aUPD in 27 samples, and exon 1α was
st in 11 samples. Some of the samples demonstrated more than one
teration. Twenty-one samples of the 96 with sUPD in the CDKN2A
gion did not demonstrate mutation/methylation or homozygous
letion at CDKN2A. There remains a possibility that undetected
utation, methylation, or imprinting of CDKN2A is associated with
e aUPD. Alternatively, the aUPD at the CDKN2A region may be
sociated unknown alterations in other genes in the region.
evertheless, aUPD appears to contribute to complete loss of
DKN2A in a number of HNSCC tumors.

iscussion
eviously, the TP53 mutation (86%) and CDKN2A alterations
0%), including mutation, deletion, methylation, and abnormally
liced transcripts, were shown to occur significantly more frequently in
PV-negative HNSCCs [10]. This finding indicated the coexistence
d association of two inactivated tumor suppressor genes with HPV-
gative HNSCC. In this study, we identified 34 SORs of aUPD and
sted whether the frequency of aUPD and any of the SORs was
sociatedwith clinical variables, smoking and alcohol intake,HPV, and
P53 mutation status. As expected, we found that the deletion on
DKN2A was also more frequent in TP53-mutated cases in all groups.
his result was consistent with an earlier report [28]. Furthermore,
PD on CDKN2A was significantly more common with TP53
utation in all and HPV-negative HNSCC and in all oral cavity
ncers. However, there was no difference between TP53-mutated and
ild types in all and HPV-negative laryngeal cases. Our results indicate
at aUPD on CDKN2A is associated with TP53 mutation in all
NSCC and oral cavity cancers but not in laryngeal cases.
Moreover, TP53 mutation has been linked to smoking with 3.5
es more TP53 mutations have reported in smokers than in
nsmokers withHNSCCs [29,30]. However, it is still not well known
hether smoking also increases the occurrence of allele-based
terations. We conducted this study to determine whether smoking
linked to allele-based alterations in specific regions of the genome.We
und that aUPD at chr 9q regions were significantly higher in current
okers than in nonsmokers or reformed smokers in all and HPV-
gative oral cavity cancers, but not in laryngeal cancers. Of more
terest, the same regions were also significantly higher in TP53-
utated samples in all and HPV-negative oral cavity cancers. In
ntrast, no association was found between aUPD at 9q regions and
P53 mutation status and smoking in laryngeal cancer patients. On
e other hand, TP53 mutation was higher in all and HPV-negative
NSCC, but no association was found with smoking. These data
dicate that three aUPD regions at chromosome 9q link to smoking
atus in oral cavity cancer patients and that expression of genes in these
gions may be deregulated by smoking. Moreover, these data indicated
e coexistence of aUPD at 9q regions and of the TP53 mutation in
NSCC and oral cavity cancers, but not in laryngeal cancers. Thus
oking may trigger mitotic recombination either secondary to
oking associated TP53 mutation or via other mechanisms in
NSCC and in oral cavity cancers. In addition, it may be a more
evalent risk factor for oral cavity cancers than for laryngeal cancer. Our
sults support a previous report indicating that relative risk of death due
cancer among smokers compared with nonsmokers was 27.5 for oral
vity whereas it was 10.5 for laryngeal cancer [9]. Interestingly, the
me aUPD regions at chromosome 9q were associated with HPV in all
NSCC and larynx cancers but not in oral cavity cancers. These data
dicate that HPV may increase the mitotic recombination in these
gions in larynx cancer.
In addition, our analysis revealed that the frequency of centromeric
PD was more common in alcohol drinkers than in nondrinkers in all
NSCC and oral cavity cancers, whereas whole-chromosome aUPD
as more frequent in nondrinkers than in drinkers. aUPD regions at chr
and CDKN2A, and deletion on CDKN2A were more prevalent in

inkers than nondrinkers. These data indicate that genes in these
gions may relate with alcohol drinking, and alcohol intake may
crease mitotic recombination in HNSCC and oral cavity cancers.
esides, aUPD on CDKN2A region was associated with multiple factors
cluding age, gender, grade, alcohol intake and TP53 mutation in all
NSCC and oral cavity cancers, while it was not associated with any of
ctors in larynx cancers. Thus, the other factors may also increase
PD in HNSCC and oral cavity cancers. Of interest, while the

equency of centromeric and segmental aUPD was higher in males, but
PD at chr 9p regions was more common in females in all HNSCC
d oral cavity cancers, but not in larynx cancers. Moreover, aUPD at
r 9q regions was significantly higher in stages III and IV than in stages
and II. aUPD at chr 9q regions was also higher in TP53-mutated cases
an in wild types in all HNSCCs. This may due to 76.4% of TP53-
utated samples being stage III or IV. These data indicated that aUPD
chr 9q in HNSCCs may be associated with TP53 mutation rather
an with stage. Overall, TP53 mutation may be involved in mitotic
combination in HNSCC cells.
Previous studies have demonstrated that alcohol intake and
oking have different impacts on copy number alterations; alcohol
as associated with copy number changes in 3p, 3q, 9p, 11q, 17q,
t not in 17p, while smoking was associated with mutations in
P53 [9,31]. Alterations such as deletion, mutation and methyl-
ion at CDKN2A were correlated with smoking and HPV status in
NSCC [32]. Moreover, smoking deregulates PIWI-interacting
NAs (piRNAs) [33] and miRNAs [34] in HNSCCs. Alcohol
take [35], and smoking was associated with distinct DNA-
ethylation changes [10,36–40]. Of note, the methylation profile
also different between HPV-positive and negative groups in
NSCC [10]. Taken together, the data indicates that smoking,
cohol and HPV associated HNSCC may have different
derlying etiologies that could lead to different therapeutic
portunities or needs for these patients. Our results support
evious reports that different risk factors have distinct effect on
NA copy number changes and/or methylation by showing that
ey also alter aUPD. Homozygosity for an existing alteration
ediated by aUPD could result in a more aggressive phenotype,
creased survival or resistance to therapy. Moreover, aUPD
gions associated with specific risk factors may harbor genes that
present therapeutic opportunities. Thus, integrating aUPD with
NA sequencing and methylation provides an opportunity to
tter understand etiology, pathophysiology and potentially
erapeutic options needed for HNSCC patients.
Supplementary data to this article can be found online at https://
i.org/10.1016/j.neo.2018.12.002.
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