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Abstract: The results of thgenital human papillomaviru$iPV) detection in 439 cervical
samples by cervical cytology were compared with sequencing analysis aewly
developed HP\genotyping9G membranéest. The excellent sensitivity and specificity of
the HPV genotyping 9G membrane testsassured by signal to noise ratio of more than
300and atarget hybridization to netarget hybrilization ratio of 300~ 400 at 25°C. The
final results can be obtained28 min by simple loadingf the hybridization and washing
solutiors and scanning the membranes without any drying steps or special handling. The
100% identical results dhe HPV genotyping 9G membrane test with sequencisglie

in 439 clinical samples demonstrate significant clinical applicataonthis test. HPV
genotyping 9G membrane testan identify and discriminate five HRPV genotypes
which are prevalent in almost 87% of cervical cancer cétsesimple handling makes the
HPV genotyping 9G membrane test a verpnwenient platform for accurate
HPV genotyping.
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1. Introduction

Genital human papillomavirus (HPV) is the most common sexually transmitted infection in the
United States, with amstimated 6.2 milliorpeoplebecomingnewly infected every yedtd]. Cervical
cancer caused by HPV infection is the second most common dantems of both incidence and
mortality worldwide[2]. Estimated new cases and deaths from cervical cancer due to HPV infections in the
United States in 2000 are 820 and 4500, respectively, which indicatesortality rate of 35%43,4].
Molecular epi@miologic evidence clearly indicates that certain types of -hgh human
papillomavirus (HRHPV) are the principal cause of the invasive cervical cajijeand the cervical
intraepithelial neoplasid6,7]. Eighty-seven percent o€ervical cancer caseseve detected to be
infected with HPV16, HPV18, HPV45, HPV31, and HP83. Thereforea highly proficient HPV
test that can genotype the highk HPV is essential.

However, traditional methods for HPV detection, such as morphological and immunological
methods lack the ability to detect specific HPV typE9]. Realtime PCR based methods are widely
used, however the clinical sensitivity and specificity of these methods is very low and hence unsuitable
for early clinical diagnosi®f HPV infection [10]. Sequencinganalysis is aigold standard for the
detection of genotypes in clinical samples. However, the major disadvantage of these methods is tha
they need expensive instrumentation and highly trained professionals.

The high mortality rate in HPV infected patierdemandsthe urgency to develop rapid and
field-deployable HPV genotyping teldtl]. Ideally, to be of general field utility, HPV genotyping test
must be capable of sensitive and specific HPV detectiodewleitaining simplicity of use and
independence from complex laboratory instrumentation.

Recently we have reported the 9G DNAChip technolo@?2] for the genotyping of highly
pathogenic viruses such as human papillomavirus (HE3/)4] andhuman influena virus (HIN1)[15].

Though this technology is highly reproducible and allows the HPV 9G DNAChips to get 100% clinical
sensitive and specific genotyping results in clinical samjiéls the use of costly instrumentation and
highly trained professionals limits its use in laboratory settings. Therefore, to address these problems &
HPV genotyping 9G membrane test was developed for simple and convenient HPV genotyping. Final
results can beltained directly by loading the hybridization and washing solutions.

The HPV genotyping 9G membranes for the rapid detection and discrimination of the HPV
genotypes were tested in 439 clinical samples. It is for the first time that the genotypingamesults
obtained by the direct hybridization of the Cy5 labeled PCR products to the immobilized probes on the
membrane. The HPV genotyping 9G membranes show high sensitivity, 100%-siaegiic
hybridization, discrimination of the genotypes with a ratio @9:3, at 25°C in 28 min, and does not
need a complex and expensive instrumentation. The HPV genotyping 9G membrane test can
effectively detect the five HRIPV genotypes which are prevalent in cervical cancer cases. The HPV
genotyping 9G membrane is bagigadesigned for the detection and discrimination of the five
HR-HPV genotypes. Moreover, the HPV2 genotyping 9G membrane can screen the presence or
absence of the other 14 HRPV genotypes.
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2. Results and Discussion
2.1 HPV Detection andsenotyping by th&equencing

The primed PCR product was added to the sequencing reaction mixture. Sequencing was performec
bidirectionally with the BigDye3 terminator cycle sequencing kit (PE Applied Biosystems) using ABI
PRISM 310 Genomic Analys€éPE Applied Biosystems) at a dispensing pressure of 600 mbar with
8-ms open times and &5 cycle times. The sequencing procedure was carried out by stepwise
elongation of the primer strand upon cyclic dispensation of the different deoxynucleosideptrgibes
(Amersham Pharmacia Biotech). A CCD camera detected the light output resulting from nucleotide
incorporation. The data were obtained in a graphic forfigute 3. Out of the 439 clinical samples
140 samples were found to be HPV positive in theiseging analysis.

Figure 1. Human papillomavirus HPV) genotyping by thesequencing analysis
(a) HPV-16; (b) HPV-18.
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2.2 HPV Genotyping 9GViembraneTest and HPVZenotyping 9GViembraneTest

The HPV genotyping 9G membranes consist offihe HR-HPV type specific probes (HRY6,
HPV-18, HP\t45, HP\+31, and HPV33). Whereas, the HPV2 genotyping 9G membrane consist of
the 14 HRHPV type specific probes (Line A: HR®6, HP\L52; Line B: HPVY59, HP\/56; Line C:
HPV-35, HP\51, HP\W58, HP\V68, HP\:69; Line D: HPW70, HP\*39; and Line E: HPWV/3,
HPV-53, HP\+26). The 5ul of PCR product was subjected to agarose gel electrophoresis, using a 2%
agarose gel, the product size of HPV DNA was found to be 250 base pairs (bp).

For the detection and discrinaition of the HPV genotypes in the clinical samples the el1©®f
hybridization mixture containing Cy5 labeled PCR product of HPV genotypeK¥V16, HPV18etc)
was loaded into the sample loading port on the HPV genotyping 9G membrane strip. If gecessar
another 11@L of hybridization mixture containing Cy5 labeled PCR product was loaded on the HPV2
genotyping 9G membrane strips. The hybridization, washing and scanning procedure was followed as
mentioned earlier. Each experiment was done more than thmes. HPV amplicons can be
hybridized with typespecific oligonucleotide probes on HPV genotyping 9G membrane and can
visualized on the graph after analysis of resi8tsheéme 1Scheme 2

Schemel. HPV genotyping 9Gmembranehybridization,washing,scanning andresult
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Scheme2. Detection anddiscrimination of the HRHPV genotypes by HP\genotyping

9G membrane and HPV@enotyping 9Gmembrane.
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The HPV genotyping 9G membrane can detect fiveHHR/ genotypes. After hybridization of the
PCR products with probes immobilized on the HPV genotyping 9G memptheethree possible
results as shown in tli&cheme Zan be observedi) HPV present, specific type detected: the results of
scanning can demonstrate the fluorescence intensities forGhé&@, PCR, and a specific HRPV
type (eg., HPV16, HPV18, HPV45, HPV3l, and HPV33)i) HPV NOT present: the results of
scanning can demonstrate the fluorescence intensities only for the H@i) MRV present Type NOT
detected: the results of scammican demonstrate the fluorescence intensities for the HC, PC, and PCR.

Table 1. Comparison of the results of HPV genotyping by the Cervical Cytology with the
results of the sequencing analysis, HPV genotyping 9G membrane test (439 clinical samples).

Sequenci | HPV genotyping 9

Cervical

HPV HP V HPV + HP V
Norma36:74 (2 288 74 (20. 288
AS@S 47 39 (8 39 (83. 8
AS @& 9 7 (77 2 7 (77.°¢
LSIL 9 8 (88 1 8 (88.¢
HSIL 12 12 (1 17100 %

Note: ASC-USO atypical squamous dsl of undetermined significancédSC-US-Hd atypical sqamous

cells cannot exclude HSIL; LS8 low-gradesquamous intraepithelial lesion; HSILhigh-grade squamous
intraepithelial lesions.
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Table 2. Comparison of theesults of HPV genotyping by the sequencing analysis and
HPV genotyping 9G membrane test in the 439 clinical samples

Nor méi AS@WS ASd LSI'L HSI L
A B A B A B A B A B

HPV genotyping 9¢

HPV Typ:¢

HPV 16 11 11 7 7 3 3 2 2 17 7
HPV 18 4 4 2

HPV 45 2 2

HPV 31 2 2 2 2 1 1 1 1
HPV 33 2 2 1 1 1 1 1 1

HPV2 genotyping ¢
HPV 66 2 2 2
HPV 52 11 11
HPV 59
HPV 56 2 2
HPV 35
HPV 51
Line HPV 58
HPV 638
HPV 69
HPV 70
HPV 39 7 7 1 1 1 1
HPV 73
Line HPV 53
HPV 26
NOT MRV Types 20 20 4 4

Negati ve 28 28 8 8 2 2 1 1
Note: A0 Reslts of sequencing analysis;6BResults of HPV genoping 9G membrane test; ASTSO
atypical squamous dslof undetermined significanc&SC-US-Ho atypical sqamous cells cannot exclude
HSIL; LSIL® low-grade guamous intraepithelial lesion; HSiLhigh-grade squamous intraepithelial lesions.
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In the case ofthe (i) and (ii) results the use ofthe HPV2 genotyping 9G membrane test is not
necessary as the HPV genotyping 9G membrane test can either detect the @lidenegenotype or
presence of at least one HHPV genotype out of five HRIPV genotypes. However, ithe case of
result (i), the hybridization mixture containing same PCR product should be loaded on the HPV2
genotyping 9G membrane test for further déten of the HRHPV genotype out ofi4 HR-HPV
genotypes.

In the case ofthe HPV2 genotyping 9G membrane test, two possible results as shown in the
Scheme 2can be observedi) HPV present Type C (g, A, B, D, or E) detected: the results of
scanning can demonstrate the fluorescence intensities for the HC, PC, PCR and TiypElR3/
present Type NOT detected: the results of scanning can demonstrate the fluorescence intensities for th
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HC, PC, and PCRn the case ofesult(ii), the presence of the fluorescence intensity for PCR indicate
that the clinical sampldoescontain the HPV genotype except the 19 HRHPV genotypes which

can be detected by both types of membranes. Tdrerean such casg the presence of the HPV
genotype in the clinical sample is recorded as NOFHHR/ genotype in the final results as shown in
Table2. The results of the HPV 9G membrane tests and the HPV2 9G membrane tests are presented il
Figure 2andTables 1 and2.

Figure 2. HPV genotyping by the HPV genotyping 9G membraRespective graphs of
fluorescence intensities after the hybridization of the immobilized probes on HPV
genotyping 9G membrane with the Cy5 labeled PCR products of the HPV genotypes.

Interestingly, the excellent specificity of the probes immobilized on the HPV genotyping 9G
membranes ensureal SBR of more than 300F{gure 3 which is superior to the reported HPV
detection tools. The target hybridization provides 30Q100 times strongesignal intensity as



