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Project Summary

Title of Project Risk grading system to predict prognosis in HPV+ & HPV- oropharyngeal
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The incidence of human papillomavirus (HPV)-positive head and neck cancers (HNCs) is
increasing sharply worldwide, while their HPV-negative counterparts are showing a decreased
frequency. Developing better prognostic marker and customized treatment based on this marker
is emerging as an important research task for this increasing disease entity. The aim of this
project was to probe better molecular biologic biomarkers, to better predict the prognosis and
develop a reasonable customized treatment strategy for HPV+ and HPV- oropharyngeal
carcinomas. We had several publications through this project.

1. To identify the prognostic implications of human papillomavirus (HPV) related cell cycle

marker profiles in patients who have received a transoral lateral oropharyngectomy (TLO) as a
primary treatment for tonsillar squamous cell carcinoma (TSCC). Immunohistochemical profiles
of HPV related cell cycle markers, including pl6, pRb, cyclin D1, p53, and the HPV DNA
status of 42 consecutive TSCC patients who underwent TLO based treatments were analyzed.
The prognostic value of each marker was evaluated. Univariate analysis indicated that high
pl6, low pRb, and low pb3 expression levels are significantly associated with a good

disease free and overall survival outcome. Clinicopathological parameters and the HPV DNA
status did not show prognostic significance. When adjusted for age, overall stage and
treatment strategy, a high pl6 and low pRb level remained an effective prognostic marker for
good survival outcomes. A high pl6/low pRb combination showed superior survival prediction
ability over high pl6 or low pRb alone. HPV related cell cycle markers may also be good
indicators for predicting survival after TLO for TSCC. The de escalation TLO surgery
approach would be more effective if performed under the stringent guidance of these markers.

2. While epidemiologic data related to these changes are sparse in Korea, which is rapidly

adopting more westernized lifestyles. Data from the Korea Central Cancer Registry, a
nationwide population—-based cancer registry, from 1999 to 2009 were retrieved.
Age-standardized rates (ASRs), their annual percent changes (APC) and male-to—female
incidence rate ratios (IRRs) were analyzed and compared between HPV-related and

HPV —unrelated primary sites. HPV-related sites (oropharynx) had increased significantly over
the period 1999 to 2009 (APC52.35%, P50.017), particularly in young men (30 - 59 years,
APC52.65%, P50.031), whereas HPV-unrelated sites such as larynx and hypopharynx decreased
markedly in both sexes. Interestingly, tongue cancer was found to have increased gradually
(APC52.35%, P50.003) in both sexes. The male-to-female IRRs and the median age of
occurrence remained stable. Although the cultural and ethnic background differs from the
United States, cancers of HPV-related sites are increasing in Korea, whereas cancers of

HPV -unrelated sites are decreasing, which is similar to the trends observed in the

United States. Greater public awareness in Korea of HPV-related HNCs is therefore warranted.

3. The purpose of this study was to characterize the expression of CD200, a membrane

protein that functions in immune evasion, to examine its correlations with cancer stem cell
(CSC)-like fea- tures and analyze its response to chemotherapy and radiation in human
papillomavirus (HPV)-positive (1) and negative (2) head and neck squa— mous cell carcinomas
(HNSCCs). CD200 expression was analyzed in several HNSCC cell lines. CD200 was
overexpressed in HPV (1) murine tonsil epithelial cells, its effects on Shh and Bmi-1 were
examined in vitro, and tumor growth and response to chemoradiation were analyzed in vitro
and in vivo. CD200 was diversely expressed and consistently associated with expression of
Bmi-1 and Shh. Overexpression of CD200 induced Bmi-1 and Shh. Tumors grew similarly
between C57BL/6 and Ragl-/- C57BL/6 mice. CD200 expression enhanced the resistance to
chemora- diation only in vivo. CD200 was related to CSC features and modulates response to
chemoradiation in vivo. Attenuating this might be a potential therapeutic strategy.

The novel Knowledges developed here is valuable both for prognostication and customized
treatment. Larger scale analyses, especially using next gene sequencing technology is another
attractive following work. Continuing project is planning regarding this.
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Table 1. Representative images of the typical protein expression patterns of HPV
related cell cycle markers following immunohistochemical analysis of TSCC tumor

specimens. Original magnification, 100X.

TABLE V. Multivariate Analyses of the Relationship Between HPV-Related Cell Cycle Markers and Their Combinations and Disease-Free and Overall
Survival in Patients With TSCC Treated by the TLO

Disease-free survival Overall survival

Variables HR (95% CI) P-value HR (95% CT) P-value
pl6 high .18 (0.05-0.66) 0.010 0.17 (0.04-0.66) 0.011
pRb low 0.16 (0.04-0.68) 0.013 0.21 (0.05-0.95) 0.042
p33 low 0.85 (0.22-3.26) 0.809 0.30 (0.08-1.14) 0.076
HPV DNA (+)/p16 high 0.55 (0.19-1.66) 0.289 0.27 (0.07-1.06) 0.060

HPV DNA (+)/pRb low 0.72 {0.24-2.15) 0.551 0.47 (0.12-1.80) 0272
HPV DNA (+)/p33 low 1.14 (0.38-3.45) 0.814 0.43 (0.13-1.45) 0.432
pl6 high/pRb low 0.08 (0.02-0.35) 0.001 0.14 (0.03-0.70) 0.017
pl6 high/p53 low 0.31 (0.10-0.98) .46 0.16 (0.04-0.65) 0.011
pRb low/p53 low 0:29 {0.04-1.00) 0.050 0.18 (0.04-0.80) 0.025

HR, hazard ratio adjusted for age, overall stage, and treatment strategy; CI, confidence interval.
Cox proportional hazard models were used for the multivariate analysis.

Table 2. Multivariate Analyses of the Relationship Between HPV Related Cell Cycle
Markers and Their Combinations and Disease Free and Overall Survival in Patients
With TSCC Treated by the TLO
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TLO. Both pl6 and pRb were found to be significantly associated with these survival
parameters. Survival curves were generated using the Kaplan - Meier test with log

rank test comparisons.
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Fig. 1. Age-standardized incidence rates™ per 100,000 and annual percent change (APC) for head and neck cancer by subsites.

Figure 2. Age-standardized rates per 100,000 and annual percent change (APC) for head

and neck cancer by subsites.
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Figure 3. CD200 expression in head and neck squamous cell carcinoma (HNSCC) cell
lines and association with the expressions of sonic hedgehog (Shh) and Bmi-1. (A)
Western blot analyses of CD200, Shh, Bmi-1, and actin controls are shown for
multiple HNSCC cell lines with various human papillomavirus (HPV) status. Adjusted
densities of each blot were graphed, with those of UMSCC-1 as a reference. (B)

Immunofluorescence of the same cancer cells.
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Figure 4. Ectopic expression of CD200 correlates with increased expression of sonic
hedgehog (Shh) and Bmi-1. After transfection of 293T cells, expression of CD200,

Shh, and Bmi-1 were compared using Western blot analysis.
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Figure 5. Transfection of CD200 to mouse human papillomavirus (HPV)-positive cell
lines. (A) Surface and total CD200 was quantified in 2 stable clones3,13 using flow
cytometry and Western blot analysis. Western blots of these clones were examined to
correlate CD200 expression to the expression of sonic hedgehog (Shh) and Bmi-1.
Adjusted densities of each blot were graphed, with those of UMSCC-1 as a reference.
(B) (1) Cell proliferation, (ii) colony formation, and clonogenic assay at varying doses

of (iii) radiation and (iv) cisplatin compare growth characteristics of these cells.
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Figure 6. Tumor growth and survival in C57BL/6 mice of CD200 clones and MEER

cell after treatment with chemoradiation (3 weekly treatments with radiation
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Figure 7. Synopsis of array CGH for the evaluation of genome-wide copy number

variation profile.
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Human Papillomavirus-Related Cell Cvcle Markers can Predict Survival
Outcomes Following a Transoral Lateral Oropharyngectomy
for Tonsillar Squamous Cell Carcinoma
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Ohbjectives: Toidentify the prognostic implications of human papilkamayins (HPY -elaed coll eyele marker profiles in patients whe kave received
a tramoral lateral cropharyngectomy (TLO) as a primary trestment for tonsillar squamons cell carcinoma (TSCC).

Patents and Methods: Immunohistochenical profiles of HPY-claed cell cvele markers, inchding plé, pRb, cyelin DI, p33, and the HPV DNA
status of 42 consocutive TSOC patients who underwent TLO-basod teatments wene anatyzed. The progrodtic vale of cach marker was evaluaed.
Results: Univanistc anabysis indicatod that high p L6, low pRby, andlow pS53 expressionlevels are significantly asociaed with s good disease-free and
overall survival owtoome. Clindeopathoksgical parameters and e HFY DNA status did not show prognostic significance. Whe n adjusted for age,
overall stage and oeamend strategy, ahigh plé and low pRb level remained an effective prognestic marker for geod survival outcomes. A high plid
low pRb combination showad superior survival prediction ability over high plé or low pRb alone.

Condusion: HFY-related cell cyele markersmay alsobe good indicators for pradicting survival after TLO for TSOC. The de-escalation TLO sur gery

apgyoach would be more effective if performed wnder the stringent puidance of these markers,

I Surg. el 802014 Wiley Perodicals, Inc.

Kev Worns: tonsil; squamons ool carcinoma; human papillomaviros; plo; pRb; survival

INTRODUCTION

Ovir the past docades, the reatments for head and ek spuamous
cell carcinomas (HNSOCs) have pradually advanced and can better
enhance the functionality and guality of life, = well as survival,
Generally, early stage HNSOCs we teaed with a single modality,
surgery, of radition, wheress advanced cancers we eaed with
combined modalities, mch a0 chemomdiothempy (CRTL) of airgery
followad by podtoperative radistion with or withom cisplatin- based
chemotherapy [1,2] However, mome aggiossive teamments inevitshly
casEe mome sovere teatment-related toxicitics and thus worsen thhe
queality of life. In panticular, tonsillar squamons ooll cancinomas {TSOCs)
wiually present with corvical hymphatic metagtases st dhe time of
diagnesis, and thus fave boen traditionally treated with g se potentially
modbid combinaton modalities [3,4].

Intriguingly, the past 15 years has seen dramatic changesin de global
trends for HNSCOS in e of incldence, cticlogy, and demographic
pagems. Human papdlomayiros (HPY ) has been ecently found o cmse
an epidemiskogically and Clinically distinet form of HNSOC that anses
from de orophanyx, espocially the onsillar foasa, HPV positive (+)
HMECC & increasing in incidence in the US-European wegion and in
Asian counries, including Borea, whereas is HPV megative (—)
comterpan is decneasing in freguency or has emained sttionary,
usnally reflocting e changing patterms of smoking [5-T). HPV (+)

T 2014 Wiley Periodicals, Inc,

HNSCOs mre molocularly distinet, and respond botier ko ¢ o mporary
weamnenis than deir HPY (—) countrpans [56]. Based on this
phenomeno, “de-cscalation™ sy aegies have boen considered HPY (+)
HNSCOs in the main. The am of de-cscalation is to minimize the
morbridity outcomes of traditional combinaton CRTx [7]. Transoml
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Trends of Human Papillomavirus-Related Head and Neck Cancers in
Korea: National Cancer Registry Data
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Junsun Rya, MD, PhD: Young-Joo Won, PhD

to 2009 were refrieved.

neoplasms, oral @ncer
Level of Evidence: 2h

Objectives /Hypothesis: The incidence of human papillomavirns [(HPV]-positive head and neck cancers (HNGs) is
increasing sharply worldwide, while their HPV-negative counterparts are showing a decreased frequency. However, epidemio-
logic data related to these changes are sparse in Korea, which is rapidly adopting more westernized lifestyles.

Study Design: Data from the Kaorea Central Cancer Registry, 2 nationwide population-hased cancer registry, from 1999

Methods: Ape-standardized rates [ASRs), their anmmual percent changes (APC) and male-to-female incidence rate ratios
[IRRs] were analyzed and compared between HPV-related and HPV-unrelated primary sites.

Results: HPV-related sites [oropharynx] had increased signifiently over the period 1999 to 2009 [APC= 2359,
P =0.017), particularly in young men [30-59 years, APC= 2.65%, P=0.031), whereas HPV-unrelated sites such as larymx
and hypopharyme decreased markedly in both sexes. Interestingly, tongue ncer was found to have increased gradually
[APC = 2.35%, P=0.003] in both sexes. The male-to-female IRRs and the median age of occurrence remained shle

Conclusions: Although the cultural and ethnic background differs from the United States, cancers of HPV-related sites
are increasing in Korea, whereas cancers of HFV-unrelated sites are deceasing, which is similar to the trends ohserved in the
United States. Greater public awareness in Korea of HPYV-related HNCs is therefore warranted.

Key Wonds Head and neck neoplasms, human papillomavirus, smoking, Korea, @neer registry, inddence, oropharyngeal
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INTRODUCTION

The past 15 years has seen changes in the global
trends for head and neck cancers (HNCs) in terms of
inctidence, etiologic, and demographic patterns’
Although heavy smoking and alechol consumption has
been classically regarded as the major eticlogical factors
in this disease, human papillomavirus (HPV) has been
recently found to cause an  epidemiologically and
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chinically distinet form of HNC that anses most often
from the oropharmx, induding the tonsillar fossa ™™
HFV positive (+) cancers have significantly better sur-
vival outcomes and responses to contemporary chemara-
digtion and surgical interventions than HPV negative
{—) counterparts ™" The route of transmission for HPV+
lezions is still under debate, however, although it has
been suggested that omopharmmngeal HPV infection is
mainly acquired sexually™® and therefore may be
affected by lifestyle and mltural badkground.

The epidemiclogic patterns of HNCs are intriguing as
they have contrasting etiologies, classical heavy smoking
and now newly emerging HPV+ cancers. In the United
States, for example, whereas the past two decades have
demanstrated a decrease in tobaceo-related HNCs by 2095,
concomitant with a lower level of tobaceo use, oropharyn-
geal squamous cell cardnomas (OPSCCs) have increased
v 11% in this same period, and this is mostly associated
with HPV." Further. data from developed Western coun-
tries, including US. and Eurcopean ecountries, shows that
the proportion of HPV+ OPSCCs has steadily increased
0% to 85%.*Y This contrasts with the declining incdence
o smoking-related subsets of HNC-like laryngeal cancers
that parallels 8 decrease in tobacco use due to public
health efforts in many countries."'® This striking increase
has made HFV+ OPSCC in men eventually excesd uter-
ine cervical cancer in the United States by year 2010, to
become the heavier burden to public health 2

Shin et al.: HPV-Related Head and Neck Cancers in Komrea
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CD200: Association with cancer stem cell features and response to chemoradiation

in head and neck squamous cell carcinoma
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ABSTRACT: Backpround The purpose of this study was 1o characierize
e expression of CO200, 2 membrang protein that functions in immuna
EVESIN, 10 Examing its cormelatons with cancer stam call {GSC) ke fea-
tures and analyze tis response to chemomerapy and radiation in human
papliomavinus HPV)-positive | +) and negathe | —) head and neck squa-
mous cell carcinomas (HNSCCs).

Methods. CO200 expression was analyzed in several HNSCO cell lines.
CO200 was ovorexpressed in HPVIH) murine tonsil apithedial cells, is
ghiects on Shh and Bmi-1 were examingd in vito, and umor growth and
©spmse to chemoradialion were analyzed in vivo and in viva.

Results. CO200 was diversely cxpressed and consistenty associaled
with axpression of Bmi-1 and Shh Overexgression of CO200 induced
Bmi-1 and Shh. Tumors grew simitarly between CS7BLE and Ragl ™
C57BLS mice. CO200 axpression enhanced the resistance o chemora-
diation oaly in vivo.

Conclugion, CO200 was related to CSC features and modulaies responsa
1o chemoradiation in vivo. Atenuating this might ba a potental therapeutc
sirategy. £ 2014 Wikey Penadicals, inc. Wead Meck 00: D00-000, 2014

KEY WORDS: oropharyngeal cancer, human paplliomavines, CO200,
Immune tolerance, neoplastic stem cells

INTRODUCTION
Head and neck syuamous cell carcinoma (HNSOC) is the

eighth most common canse of cancer death worldwide.!
This cuncer is cuused by both human papilloma viral and
monviral changes, each with their own epidemiologic
nsks. Recent studies indicate that the incidence of human
pa]:dltmvuua (HPY I—]:mll.wc {+) HNSCQ‘ m m the
nse, increasing 60% o B3% in mcent yeurs” 3 HPVI(+)
HNSCCs respond better o omizing radiation, with wsl
without the addition of chemotherapy, and are, I.hue‘ moTe
curahle than thewr HPV-negative (-) L'I.I-Lﬂ'ﬂt‘l'Pdl'Lﬁ How-
ever, Imeatment fuilures stll occur i this proup and the
fuilure mte s ncreasing becanse of mensased ncidence:
Twenty percent to 40% of HPV{+) and 40% w0 60% of
HPVI(-) HNSCCs exhibit poor msponse o reatment and
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patients experience disease recurrence. Thus, & greater
understanding of the mechanisms driving these disease
processes are necessary (o provide  betler  treatment
options and improve: patient outcomes for this expanding
diseuse population,

Cancer slem cells (C5Cs) or cells possessing CSC prop-
erties may explam some aspects of ireatmenl resistance
phenotypes encountered durimg therapy, Recent evidence
indicates  inratumoral CSC subsets are  preferentially
resistant 1o the effects of both radiation’ and chemother-
upy.” Moreover, CSCs may uid in immune evasion during
immune-related lwmer clearance.” It i possthle that simi-
lur CSC subsets m HPV(+) or HPY(-) HNSCCs may
drive poor prognosis and therapeutic response. However,
the expression and distribution of this subset of C5Cs
within HNSCC wmars and  their relationship w HFV
infeec ton are el o be fully elucidated,

Ome maker associuted with stem cell properties is
CD2(0. Formerly known as OX-2. CDAM is a highly
conserved type | tmmsmembrane  glvoprolem with 2
extmesllular immunoglebulin superfamily domains, a sin-
gle tmnsmembrune dumul:n and a short cvtoplasmic tail
with no defined function® CD200 is normally expressed
b neumms, hair follicle epitheliol cells. kidney glomeruli.
synevtiotrophoblast, endothelial cells, some T and B lym-
phocytes, and thymocytes.” CD200 is a ligand that binds
1o its receptor (CD200R 1), which s expressed on cells of
the monocviemacrophage lincage, on T lvmphocyies, and
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carcinoma, including pl6 posibive subset, after surzerv-based treatment

Arzng Rhis M5, JTone Il Kim MD, PhD', Moon Kyung Choi, M5, Chang Hwan Fyu, MDY,

Joneun Fyu, MD, PhDF Weon Seo Park, MD, PhDX Yoh-5. Jung MD,. PhD®

"Genomic Medicine Instimts. Madicsl Rasarch Centar, Saoul Nationa] Univerzity College of
Meadicina, 101 Dsshangro, Jongno-gp, Secul 110-790, South Kores. “Hemawmlosic
Maliensncy Branch, Dept. of Pathology, Center for Specific Oresns Cencer, Reseasrch
Inztitve and Hoepiel Matonsl Cencer Conier 333 Ikanro, Ikandons-mn, Govane,
Greonzzi, 410-760 *Spacific Orzans Cancer Branch, Dept. of Ciolarynezclosy, Canter for
Thyroid Cancer, Besearch Inatitste and Hocpitsl, Wational Cancer Center, 313 Ilzano,

Hzzndongz-zu, Goveng, Greonzei 410-750, Koras,

Arknowledze ments Thiz wok was suppored by National Cancer Center Grant, Kogza

(NCC-1210220, 1o ¥.-5. Jung).

Fummning fitle: OV of plé~and pl&- orophermesal cancer

Diisc losure: The authors have no conflicts of interest to daclars.



