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Development of method for integrated HPV16 detection in cervical carcinoma

using multiplex quantitative PCR

Surasak Wanrum', Temduang Limpaiboon', Chanvit Leelayuwat', Pissamai Yaenyao®, Saguanchoke
Luanratanakorn®, Patcharee Jearanaikoon'*

Abstract

Infection with high-risk HPV has been implicated as one of the major risk factors of cervical cancer.
Integration of viral DNA into host DNA is essential for cervical carcinogenesis. This study was aimed
to develop a multiplex real-time PCR to quantify Early gene 2 (E2 gene) and Early gene 6 (E6 gene) of
HPV16 using Tagman probe. The ratio of E2 and E6 copy number was calculated to determine physical
status of HPV16. The pure episomal form was expected to have an equivalent copy number of E2 and
E6 gene giving rise to E2/E6 ratio of 1 whereas, viral integration resulted in less E2 than E6. The
detection limit as well as precision of this developed method were obtained at 103 copies with CV of
less than 10%. Cut off value of E2/E6 ratio for complete episomal form was found more than 0.83,
whereas complete integration was expected to 0. This method was further analyzed with DNA from 15
pre-invasive or dysplasia lesions and 15 invasive cervical carcinoma tissues. The percentage of total
integration form in invasive cases showed significantly higher than pre-invasive cervical lesions which
obtained about 93%(14/15) and 66%(10/15), respectively (p value<0.05). The method described here
is sensitive to assess the physical state as well as viral copy numbers, which suggests as a potential
marker for disease progression. Furthermore, followed-up cases should be studied in large scale sample
sizes in order to evaluate its potential as prognostic marker in cervical cancer.

Key words : HPV16, integrated form, dysplasia, invasive cervical carcinoma, Multiplex quantitative

PCR, Tagman probe
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1. Primers tag probe ﬁaiuwmia‘ﬁu E2 nag
E6 ¥93 HPV16 msnifSnaweduihvineg 1%
nann1sved TagMan probe #ila TAMRA lay
aaudas primers uag probe NAMIANBIVOY

2 §yiaBunprobe E2 14 VIC

Pietsaro uazaae ¢
uazprobe E6 16 FAM maadmsives Applied
Biosystem ¥3gouim i asdduiy Tumaed 1
Taeil VIC uas FAM luiiied ves E2 uas E6

probe MUMAL

@M5NAN 1 Primers Uag Probes %30 TagMan qPCR 99aUUUMNMIANEIUBY Peitsaro nazamly (12)

Target gene Name Sequence (5'—) 3') Tm | Amplimer
(°C) | length (bp)
E2 Probe 16E2 (VIC)-CACCCCGCCGCGACCCATA-(TAMRA) | 70
Forward primer, 16E2F |AACGAAGTATCCTCTCCTGAAATTATTAG | 59 82
Reward primer, 16E2R |CCAAGGCGACGGCTTTG 60
E6 Probe 16E6 (6-FAM)-CAGGAGCGACCCAGAAAGTTACC | 69
ACAGTT-(TAMRA) 81
Forward primer, 16E6F |GAGAACTGCAATGTTTCAGGACC 59
Reward primer, 16E6R |TGTATAGTTGTTTGCAGCTCTGTGC 60
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guupulumsmanwinaspulasiFensliinuiu
Faud 10-10° copies 33n13lasde 1ANAIDNA
{0819 50 ng adlu "um w PCR 25UL &
Usgnauaiy 1X PCR buffer, 200 WM 83 ANTP,
4.0 mM MgCl, 300 nM o3 E2 uas E6
Twswwes, 100 nM ve9 E2 uag E6-probe, 2 Units
Taq DNA polymerase Lﬁmﬁwmu 40 391 Slum'%m
Rotorgene 3000 (CORBETT Research NanNUNA
nndszmdes w31de) Aeild Ao denaturing
i 95 °C N 15 Tnft uaz annealing 9 60 °C
a1 111 #99930 “gyanan E2-VIC uay E6-FAM
probe 1 555 waz 510 W Tuwas muddu J¥DNA
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niflusedwlumsinanuuisysiu (variation) vea
m3iaSnal HPV 16 E2/ E6 $13mu 10 A
wdnhandunamanaas nas SD @1 cut off
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maszdiugar uAluduanudue uas wag
anuududh lagiaii % CV vesudazmmnasg
u adly msedt 2 wwhdudmianeihidede
(acceptable range) m 2 Judszdiuannh? sh A

( lower detection limit ) wazd1Iu 3 @ ( upper
detection limit ) A% M % CV liifu 10% og
391N 10° - 10° copies

MINN 2 U aum3sUs2IAY linearity uag reproducibility ¥e9 U E2 uaz E6

Linearity E2 (10°-10%) E6 (10°-10%)
Mean + SD Mean + SD
Slope (n=10) -3.57 £ 0.111 -3.354+0.102
Efficiency (n=10) 1.01 £0.101 1.04+0.115
Y-intercept (n=10) 38.62 +0.709 40.19+0.733
R value 0.9989 + 0.004 0.9997 + 0.003
R’ value 0.9977 £ 0.004 0.9994 + 0.003
Standard curve (n=15) Ct+SD % CV Ct+SD % CV
10’ ND 38.97 +1.103 37.54
10° 34.87 +1.120 26.3 36.95 + 1.080 18.2
10’ 31.64 +0.929 10.9 33.33 +0.921 9.2
10° 27.88 + 0.861 6.9 29.48 + 0.785 6.3
10° 24.61 +0.750 4.8 26.16 £ 0.720 4.1
10° 20.68 +0.710 5.6 22.62 +0.680 5.0
10’ 17.66 + 0.683 5.1 19.26 +0.581 43
10° 14.23 + 0.668 3.8 15.81 +£0.542 2.3

* ND = not detected

2. msuianamsnsIn integrated HPV

MiaTaliny E2 viedns 1w E2/E6 WAy
0 azvneds hi @ E2 gadaisede uysal
( complete integrated form) MmFl wnsaiaSina
E2 wlawaillu integrated form mamsvinau
vieutanaiuiTuslay @1 aysal (episomal form)
Sald §a: 2w E2/E6 1 0.83 - 1.29 ldeens
E2/E6 shnh 0.83 ulawaly Mixed integrated
HPV fo fifa episomal Wag integrated form 1u
A

3. MINTIINY integrated HPV 16 Tudnedns
DNA dihaunzi5ahnuagn

namsAmThieatiieonsom integrated HPV16
TunquithengSahnuagnazes pre-invasive g
15 918 WY episomal form 5 918 U integrated
HPV 1w 10 516 sl 4 nefiu complete
integrated form Llag mixed integrated form 6 318
uvaeiigidmanl wy integrated HPV16 Tugihe
mﬁqmju invasive carcinoma U 14 90 15
Tushunu 14 neil i complete integrated form
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Iag mixed integrated form 6 318 uag 8 Y
MUY

LaZINaMUUA MINY integrated HPV 16 Tu
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naNKLNBNZI3e invasive 1WWTZETANNINITYE |
89 III Wy episomal form g9 1 518 wagWy
integrated HPV 14 519 uu THNAINTINY D
integrated HPV InAumuszozvadlsaiiinedn

Nile 1@y 86 (p <0.05) ADWUSDEATIINTDA
intergrated form (mixed uag complete integrated)lu
uAazsyey mild dysplasia, moderate dysplasia,
severe dysplasia , early invasive Uag late invasive
stage AU 13% (2/15), 26%(4/15), 26%
(4/15), 87.5% (7/8), waz 100 % (7/7) Muaay
(M3l 3)

s 3 Sammsny integrated HPV16 ludihoszozaounzisahnuagn (pre-invasive; dysplasia) nag
N:'ﬂ’,)imzﬁi‘m ANAQNITYLYNAIN (invasive cervical carcinoma)
Physical status of HPV 16 (%) Total integrated
HPV 16 (%)
ﬂa:ﬂJé}ﬂ’JEJ CIN/ Staging (Mixed +
Episomal Mixed Completely Integrated)
form form Integrated
Mild dysplasia; LSIL; 3/5 1/5 /5
CIN I (n=5) (60%) (20%) (20%)
Pre-invasive Moderate dysplasia; HSIL; 1/5 3/5 1/5 10/15
(Total cases = 15) CINII (n=5) (20%) (60%) (20%) (66%)
Severe dysplasia; HSIL; 1/5 2/5 2/5
CIN 11/ CIS (n=5) (20%) (40%) (40%)
Invasive cervical Stage I+ 11 1/8 5/8 2/8
carcinoma (Early invasive) (n=8) (12.5%) (62.5%) (25%) 14/15
(Total cases = 15) Stage 11T 0/7 3/7 4/7 (93%)
(Late invasive) (n=7) (0%) (43%) (57%) p <0.05

a d =1
Wsanag sUnamsAne
nanmslszindsnmsasamyduuy 1y
HPV16 lagmailia multiplex gPCR 91nmsanwnil
o v o v A g .
M wnsanuungluuuvedhy milu integrated
form uag episomal form #30 mixed form 16
NAMIANTWIUBY U E2 uag E6 luvasa
nAaeAAIAY  ¥3e multiplex PCR iy "1dAgy
POIHAMTNANZBITIN e gPCR Aoanu
wlsdnunamsania lagmldanuianaian

gausuaem CV liiAu 10 % Tummaassazdodl
internal control sample ﬁmmﬁ‘hmu copy U893 E2
waz E6 iludhedwmuqulundazsey  lnelwi
anwidoauniliiiAu 2 SD anuulnlyudandn 3q
Fuiiuazsnduiinzdostmuad cut off ves
episomal form Lﬁaslsff’lummﬂa na A1 detection limit
Ifudermmanmiialdaedlsisind 10° copies
nazliiifu 10° copies 3wsliaithiFode nanie
Tunsdiitingan ' EL/E6 e i integrated
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HPV agnriosazdosisina E6 Tudegn 1000

. dgl Cé 14 L 4 d’ 1
copies Yl &1 oaadesrudoyalumsan 4 wuh
fegnnnne I E2 ludegnmnnnii 2000
copies waz E6 u1And1 3500 copies Il
wannaznuunguunldudiisms qPCR mln
mawlndaSnamse viral load ves HPV16

fiilushedede lesnadumas viral load i
E2 uag E6 veangu dysplasia wunlesndn agu
invasive carcinoma 989Ne AN A7 (p<0.05)
AundeSine E2 uay E6 Wungu pre-invasive
WAY 31,608.15 uaz 78,629.93 copies MUAIA

@159 4 Wamsm Physical status ¥99 HPV16 ludihoszozaounzisahaungn (pre-invasive; dysplasia)

wazfihouzisuhauagnizezgnan (invasive cervical carcinoma) SmnIUNgHas 156 19

Sample no. E2 E6 E2/E6 Physical state CIN/Staging
DS01 21,891.09 13,135.50 1.67 Episomal CIN 1l
DS05 25,153.87 31,781.37 0.92 Episomal CINI
DS15 2,072.98 3,540.83 0.59 Mixed CINII
DS20 6,298.54 5,170.63 1.22 Episomal CINI
DS21 41,191.94 126,948.82 0.33 Mixed CIN 11t
DS25 35,997.41 21,286.66 1.70 Episomal CINI
DS29 54,190.64 28,450.76 1.93 Episomal CINTI
DS38 23,364.71 33,106.78 0.71 Mixed CINTI
DS42 255,550.51 349,364.98 0.73 Mixed CIN 11
DS67 3,666.61 11,995.94 031 Mixed CIN{
DS68 4,743.91 13,784.08 035 Mixed CINTI
DS69 0.00 13,571.64 0.00 Integrated CINT
DS70 0.00 13,414.65 0.00 Integrated CINTI
DS73 0.00 16,551.97 0.00 Integrated CIN ILI-CIS
DS90 0.00 497,344.38 0.00 Integrated CINIII
CX08 301,663.81 437,15791 0.70 Mixed SCCA 1IB
CX09 25,425,099.68 25,862,658.25 1.01 Episomal SCCA 1IB
CX11 53,278,073.95 94,217,142.35 0.57 Mixed SCCA 1B
cx17 36,416,715.36 53,112,157.03 0.71 Mixed SCCA IIB
CX24 755,745.30 8,249,628.95 0.09 Mixed SCCA IB
CX35 0.00 2,500,075.56 0.00 Integrated SCCA IIB
CX39 519,947,486.34 849,350,003.12 0.61 Mixed SCCA IIIB
CX69 16,672.44 77.847.70 021 Mixed SCCA 1A
CX70 13,938.46 60,873.91 023 Mixed Adenocarcinoma 111B
CX72 79,629,830.96 103,220,855.86 0.77 Mixed SCCA 1IB
CX73 0.00 1,609,325.78 0.00 Integrated SCCA I1IB
CX75 0.00 4,160,477.06 0.00 Integrated SCCA 1B
CX88 0.00 833,786.92 0.00 Integrated SCCA B
CX90 0.00 2,894,383.79 0.00 Tntegrated SCCA 1B
CX97 0.00 5,461,264.46 0.00 Integrated SCCA 1IB
SiHa 0.00 200,000.00 0.00 Integrated

HULHE

. AuwndenlFing E2 uez F6 Tungu pre-invasive safial 31,608.15 1Az 78,629,93 copies MUAIA  1AZAGY invasive cervical carcinoma

191111 47.719,015.09 1z 76,803,175.91 copies AU (p-value < 0.05)

w

160 lum313; CX: invasive cervical

el

. msuvana Episomal; 0.83 < E2/E6 < 1.29, completely integrated HPV; E2/E6 = 0, 112 Mixed (episomal + integrated); 0 < E2/E6 < 0.83

SCCA;

neoplasia, CIS; Carcinoma /n Situ

DS; Dysplasia/ Pre-invasive, CIN; Cervical intragpithelial

J Med Tech Phy Ther e Vol.19 No.1 « JANUARY-APRIL 2007 13
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ﬂtju invasive carcinoma (93%) 08193118 °1ﬁaej‘
aa d' = dy o o/ 1
MY 8@ (p<0.05) WewINMIANEIH NMIUMBEN
9 2 ngu HAsudties ensznemegluuday
stage M Ionnudiagauazeninaliains
a ¢ aa A % Ko @ A
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