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Ever since human papillomavirus (HPV) has known to be associated with head and neck can-
cer, there have been many studies investigating the role of HPV as its causative factor. The
most important thing among studies for HPV is to obtain HPV from cancer tissue and find out
whether the obtained HPV is related to the development of cancer. However, until now, there
has been no standardized method in diagnosing HPV infection. The various detecting methods
for HPV and difference in sensitivity among experimental methods are one of the reasons for
the controversy over the role of HPV. In this review, we present the advantages and disadvan-
tages of HPV detection methods those are currently used and suggest standardized methods
that may be used to detect HPV in head and neck cancer in the future.
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HPV Genomed} ¥ (Oncogenesis)

HPV-+= papillomaviridae®]] <31+ DNA Hfo|g]AE S|
7HA] €F 10004F o)/l deiA lom, alFu} Hufe] =2
7F9S 40711, carcinogenesis2Fe] Aol wat 19d
(high risk) HPV2} #1918 (low risk) HPVEZ 2k HPV
9] genomeS YFO 0]F DNAR AR 9lom 1 27]
+= 9F 79 kilobase =2 &#HA 212, noncoding long-con-
trol region} 67119] early gene(El, E2, E4-7), 27112] late gene
(L1, 1222 FA=]o] QIehFig. 1) LI¥} L2 viral capsid pro-
tein encodingd}i, E1¥} E2&= HPV genome?] EA|2} -G-4]
£ ©@35HH, E4= HPVY] 54170l d8hs st Ao 2 e
A 9lar, E6St E72 HPVY] 3831 oncogene & 2 &ejA] )
t}. I3t E2+= episome AFENOA] oncogene?] E6%} E72] HAF
(transcription)& &AISh= A= A4 it

HPVe| Z¢el ofet F4F Wl 178 7tefs] A, HPV
7hH A E W2 gl dojuhH WA €% 2] HPV DNA

‘ Early genes ‘

Late genes ‘ LCR ‘

Fig. 1. Linear representation of the HPV genome (cited from Vidal
L, Gillison ML. Human papillomavirus in HNSCC: recognition of
a distinct disease type. Hematol Oncol Clin North Am 2008;22(6):
1125-42). HPV: human papillomavirus, LCR: long-control region.
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AXL7} 7|4 Ao 2 el & Al A|3Ee] 3 |2 integration

o] ojitof 3ttt o] w Y& 2] HPV DNA < DNAY] disrup-
tion®] Yojf+= 30| th7)] E2 open reading frame©|t}, w}
A, integration Ig & E29] £Q3t 7|5 = 351421 HPV on-
cogene®| AA|2H-g-0] ax4l%m, ojof we} HPVE| oncogene
21 E69F E79] HIZ/442191 A} dojuA] Het oA sfiA
H&lo] 2745 E69} E7 onocproteind 2127 Z9F oA thl
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SEF719] 4, AjaE Z3)e] Aol Fo] dojut A A=t
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Qiek SHARE AH A Lol A HPV genome?] integration $10]
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HPV Detection
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U=A] FRIgE & 71 At HAl S dest= Zo] &
ok HPVE] A FRlshr| flal| AHg-st= 4 24 o

2, DNA, mRNAZ} §lom, HA| 2= 5224, A4 (fresh
tissue), ThepH 3zl 22 qIRS0122], BFl, ARl Fo|
ek 77 Aol A= southern bloto] HPV DNA2] £4
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2 78 5 Qi sefama ol AHEE 4 girke B
2 QI8 A A) A5k QA btk @A) HPV 2 of
2 SJ0l5p] 918l 7P o] ALESIT Sk e HPV DNA
= AESI= Ao 2, T4 target amplification method(poly-
merase chain reaction, PCR)2} signal amplification method
(in situ hybridization, ISH)Z U= 4= 912, 71 2] mRNA
_F': §:}o]-6-l— 2 olb RT—PCR g_—m'lzal‘g_ :9_:']—0161- P ol‘— tqorlx
2 5}3+ A (immunohistochemistry, THC) 5% SHA| AH&-
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3171 943t quantitative real time PCR%= 9e] AF&%a1 lck
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Target amplification method

Target amplification method+= 5782t nucleic acid sequen-
ces UE0| 7Hedles FH O 2 FHAA Adh= sequence
O] 27 o] FE Felst= WH O & PCRo| 71 w321 o
Ho|ck 42 HPV DNAS] 73Z0]] PCRo] 085312 W= HPV
type©] THFsl7] wizoll 2hle] AR thekgt HPV types
7153t wol gRlshr| fl8f theFet E7+2] HPV DNAY 35
Z 0 2 ZAI5H= DNA sequences 2o} o5 F-&3e= A
=7} o]FoH ek o5 YA HPV genome 5= highly con-
served sequence®! L1 T+ El open reading frame®] tjjgt
consensus primers THEA H%)aL, #|%9] consensus PCR
assay’} TU/TWDO, MY09/11, GP5/6-PCR system©]t}, o] &

o2 W A7) 24T WALC. 2 PGMY, GP5+/6+-PCR sys-
temo] WLE o Ax) Qe o] gE k™ o=
LloJut E19] thefet #9415 target & &2 sh= |22 PCR
system=©0| 445 7E|al glen, £3] conserved sequence
7} old HPV type & A& T2 EHE targetO & 5t
231 multiplex assay® 7HHEEQIch? skA)qk &

5 2] HPV 740l type 16 23l o] 5o
A|aL 9J7] wiiEo|, type-specific PCRE $F2|%|o]1, H]-&-
A} SHA -3 HAF O Z of AR %]F}.

PCRY] AM}-&2& &Hl5k= W (read-out system)®= PCR
o] ZFutZolu} theFalx|ul Qukz o 2 PCR AHES oli-
gonucleotlde probes®]| hybridizationA|# &-2lsl= WIS
za Algstt) 71 de] AR ML enzyme immuno-
assay GG AH8-8h= WHoIAI, H Wl A= 9=
genotyping®lli= Alto] gho] Ae]ar g2 oFe] PCR Aitzo|
Zastrtes oz Qlsf 2gskA] ghol, oligoprobesE 1
Aok= 12l reverse hybridization2 52 A|&YskaL Qlch

A, A4 =2 AREE]AL QL= PCR WS Aelshd of
ZA] U19] HPV DNAS] &-F-& 215k 93] consensus pri-
mers 83 PCRE Al3fsto] 7hs3h e 429} 79 HPV
DNAE #A=3%H & o] A=< oligonucleotide probese ©]
23} reverse hybridization—based HPV genotyping= A|34
Sz Ao] YHAolnt. o] 2o AA §}7\]-_04 o 24 Lﬂoﬂ
HPV DNA7} 2Aj8t=A] o7& 3—%} M =
AgrchH HPVE] typeo] FSIQIA| = 2Helgt —/F 9&74] % 7
o|tH(Fig. 2).207"

HPVE| ol oaff FFo] 'Agstoltd Sl S<F
ol A gl o] E62F E7 oncogene?] transcription
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ZEerel A4

)

o] Uojufof it} ofi= E62F E7 mRNAZF }—Xﬁﬁhq-h SIS
RT-PCRE o|&3}o] o 24 Uj2] E6, E7 mRNAS &¢lsl=
Ak Foko]l HPVE Aol o3l AetdE=AE SRlshe

10

V7P o] ““"J%L 474]%1 ] <
1 2l Y Igol HPVZF 24 98
< S ARMAE ET ‘ilw_ Fagt AR S AFet 4= gk
SHARL o] 22 0 2 RT-PCR Al4lFAxZ]olut liquid-base
cytology sample +# ofe} e sz 2of A e Alggo] 75
SEARE, mheb Al THe= Tl A A= RNAZL
a2 d 4= Q7] wjZoll, whepA 2o A RT-PCRE AI3Y
o 7 9-oll= AA e mRNA-J integrity 5 SRISHAY, U+ 4
A] %L ampliconS AHE3H= 52 5205 7] & ofof gk
F 3149] target amphﬁcahon method+ real time PCR
E+= real time RT-PCRO]t}. Real time PCR
3H/\-1-5—].h %}}g_]-xj'o] PCR H]—l:H‘V Ly d'g] PCR §_:.11; /‘n_].t' [e] /\l
ARt & HUERSEe] Aohae2Ql S5 sl He
gF Aol 7hs stk RS 7HAIAL Qi ol2fet 545 ol
49“5}0% AF o2 FA5H E MES 0183 real time PCR
ANE & HARsla R} 8= AMZof 3] real time PCRS
Y5hH o] MEZ0] 27] 8= (initial DNA dose)S EHeldh
U= A AJ0] o] Fox|A| Hk o]t A A4 ©f
sto] 22U 9] viral loads ST 4= 3loH, t&o], E2%}
E6 DNAQ] 9F4] z}o]5 kelslH HPV DNAZ} host cell U
2 Aul} integration®] E|QI=AE E¢lsE 4= QA Fet 51
A|qt, o2&t real time PCR 9]¢t 22 A1t 34 PCRo|l
nisf] AJ7to] AA| Ae]il, post-PCR manipulation®] & ¢}

end—point=

op )y > mlo o

Sample label: 83

HPV DNA chip result Chip design
Scan image
16 6
12 Q@00
3 @O 0

@ High risk type
@ Low risk type

@ PCR control

O Negative control

Diagnostic impressions: HPV type-16 was infected

Fig. 2. HPV genotyping for detection of HPV DNA and discrimination
of HPV types. This figure shows a detection of HPV type 16 DNA.
HPV: human papillomavirus, PCR: polymerase chain reaction.
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Signal amplification method

Signal amplification method+= 22} Well )+ nucleic acid
£ target specific probe®] hybridization A7l & A1 (hyb-
ridization event) & 5ZA1A HdH= nucleic acid7} 224 W]
U=A] Zelek= o)k th3E24]Q] W © 2= liquid phase
method@! hybrid capture®} ISH7} itk ©] & hybrid cap-
ture= A-37d 5] Al HARA ] AFEE= UEY] A
H AAREA TR 224 ] HPV 74 o -8 &Rl
elAl= AHESEA] QEATE gk 7t AJF A o] §oh= A
3 AAE AR R Yol AR 5= ek

[SHE F453H00A 71 Wol AH8-6}= afep ]z
2 opuel Al 27 HARS HIESE iR A oA AHg-0]
7Fsslth= APde] Qlrk HPV DNA ISHO| 2HE ghelsh=
HIH O 2= fluorescent detection, colored substrate deposi-
tion ¥ bright field microscopy 5¢] It} ISH= signal< <
Hol= WHEZ]] 54 wjZol g ¥ ofg] FF2 HPV
DNAZ ZARs7|o) ofglgo] 9lat, HPV DNAZ} YAek o4k
o] Qlojok HEo| 7hsdte] 915449 7Hsde] tk= ©o]
ek sk ISHE H&E HPV DNAQ| A|Z U] $J2)E 2l
o = s ARo] A=t ofF ol&-sto] FYAIES] B Hiof
A 7 2oFe] A% (dot-like positivity)7} 2= HPV DNA
7} host cell genome W& integration E|IthH= AL skolsh 4=
A HekFig. 3.7

Immunohistochemistry (IHC)

HPVol o3t FoFe] Ay 2Hgoll A ploe] Wdo] S71sl7]
o], 0|22 0 & transcriptionally active HPV infection
of o] FeFo] WA o= = ploo] Wd ST &

Detection of HPV Infection I Lee SY

Zhe]ojof gt o] & o] g-sto] £ RetelA HPVE] 7+ o
HE Rolsh= Al AR oF 2FolA] pleol| tigh THCE Al
Y& 4= ek EARE AA] 2ERp 2204 HPV type 16 73
of thaliA] pl62] W& Z7He ERIsHE ol W=7t 90~95%
o], Bolei= 80% w0l 14 HPVE| 7ol dhgt &
7l W o 2 ARgSloll= et Qlok W ETE thas W
A& HPV type 16 o]@]o]] th& F72] HPVel 25} ¢o] 1
A & Q7] flEolH, Bolmrt W AL plo WA 5
7EF HPVeL A §lolm dojd 4= 97| wiolct. TIgdof =
E81aL pled] tigt IHCE= mhehel sl z22]oflA] 417 Aleget
4= QML Hl-go] Wol E4] o] wiitel 3AE O R s
A AR ggke AL Wolth(Fig, 4)%Y

Detection Method Comparison and
Clinically Relevant Infections

22 A HPV 44 o7& gHelste e o ohefst

- i ' i )

L L 2 £ e
Fig. 3. Positive in situ hybridization for HPV type 16 using bright
field microscopy. Dot-like positivity was observed in nucleus of tu-
mor cell (cited from Snow AN, Laudadio J. Human papillomavirus
detection in head and neck squamous cell carcinoma. Adv Anat Pa-
thol 2010;17(6):394-403). HPV: human papillomavirus.

Fig. 4. Up-regulated p16: strong sta-
ining is evident in much of this mod-
erately differentiated SCC; in con-
trast, the staining of the adjacent no-
rmal epithelium is weak and mainly
. confined to the lower layers. Original
| magnification X200 (A), X400 (B).
». SCC: squamous cell carcinoma.
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Table 1. HPV detection method comparison

Real time
PCR ISH plé (RT)-PCR
Integration - +++ ++ ++++
Sensitivity & High Moderate Moderate High
specificity
Cost High Moderate Low High
Screening ++ +++ ++++ +

PCR: polymerase chain reaction, ISH: in situ hybridization, RT:
real time

o A7 FESHE Ao R 4 I
PCR AR 2 17119 Al|3zell HPV genome®] gt 7H9E Q1T
2He gRQlo] 75k vl vizhet HAF RSl WA, ISHU THC
= W7} ok "olx]7]= 81T HPV DNAY) integration

HE 2RI 4= Qlar, vlg- tju] Avprh 9423k AFo] Qitk
3} real time PCR H]-8-0] 117}0) 1L real time RT-PCRS] 7%
ahep s 2 2ol A Ak 7 Horith= ©Ho] QIX|TE HPV
genome?] transcription®] Lojut=A] &l 4= 9] o viral
loadE FFA 0= AT 4= glo] e HPV DNAZL F4%F
HAgol| ofuRl FaFs F=Al FH WA ER1E 4=
£ 44| Sith(Table 1).

oF 22 oAl HPVE] ¢S &1 off 71 83t
1%l HPV7} clinically relevant infection?l A& 2}
&, TF 24 YoflA PCRE &3l HPV DNA:
wf 71 FoFo] HAE HPVol olaf WhAgsh A1 &
Qltodof gt} Alg7d ek o] HPVOl 2faf {UA¥st7]
FEQF Ao A4 B HPV DNA”} integration
E= transcription®] E|RE=A] FRlsk= Alo| 7| F85H4]
a1, @5 W= HPVY F577} theFalr] wl&e 2
© HPVZ} 32919 HPVRIA], 4919 HPVRIAIE gHelsh= 2
o] © Fasith sHAIRE F7Rere] A9 ool AR} o
oFal7| wjEo] whx] %A ol A HPV DNA7Z} WA= glc}a
afjA] L Fo] HPVOl &fsf Ayt otolefals o 4= glot ot
b =R o A= HF=A] integration® | transcription®]
Holuti=A] ERels}= AAPHS 0]8-8h= Zlo] BashH, 1A
O ¢AtolA] ¢AtAbmtct vl TheFgt HPV prevalence rate]
TRl 212 HPV A& Whilo] o] wiZol7 = S|4, o]
S AXA] g2 AL} o] e AXl AFF A=
AUth= A= 74 89 5 SR A-g-5koich E3h HPV ge-
nome?] integration®|\} transcriptions &Felstic) slelet
%, pl6Q] o] ul-g- WAL viral load7} == 74-¢- $HA19
A FF HPVEE 34 gls TR} fARH X138
o, pl62] Wao| 7L} viral load7} 2 7-9-0l= HPVO]
oal] ARt T Reke] E4Q1 o] o7 Far WA R =5of| BF

& Aok @4 Sol WHR Y o2jat 50| HPV
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2 A AR 73S pl6
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717 Agtsiriar defA] YA b 7kA] ke HAAPHS
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