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The PV capsid consists of two structural proteins:
 The major capsid protein (L1), represents approximately 80% of
the total viral protein.

 A minor protein (L2).
the viral DNA is associated with cellular histones (H2a, H2b, H3 and

H4) to form a chromatin-like structure.

Virus-like particles (VLPs) can be produced from different
PVs by expressing L1 alone or the combination of L1 and L2
using mammalian or nonmammalian expression systems.



HPV morphology and
genome



More than 50 HPV types are known to infect the human
genital mucosa (Alphapapillomavirus).

HPV is the most common viral sexually transmitted infection
(28% single intercourse), with estimates that up to 80 % of
sexually active people are infected at some time in their life.

About 5% of human cancers are caused by oncogenic HPVs.

Human Papillomavirus Infections of the
Mucosal Tract



The most common genital lesion caused by HPV infection is
the genital wart. HPV-6 and -11

HPV has been associated with more than 99.9 % of cervical
cancers. HPV 16 and 18

In addition to cervical cancer, HPV is associated with a number
of anogenital and oropharyngeal malignancies:
 penile 53%, anus 90%, vulvar 27%, vaginal % and oropharynx
70%
 HPV 16 and 18 account for an even larger proportion of the
non-cervical HPV-associated cancers



Cervical cancer is the fourth most common malignancy
among women worldwide, with 604 000 cases and about 342
000 women died from the disease, in 2020.

Cervical cancer is the most commonly diagnosed cancer in 23
countries and is the leading cause of cancer death in 36
countries.

The vast majority (> 85%) of these countries are in sub-
Saharan Africa, Melanesia, South America, and South-Eastern
Asia.

Cervical cancer



Integration of HPV DNA is strongly associated with malignant
progression.

Integration is type dependent and 76% of HPV-16 and all HPV-
18–positive cases had integrated viral genomes.

Normally high-grade dysplasias and cancers do not produce
infectious virus.

Cervical cancer









A-Worldwide incidence of cervical
cancer per 100 000 females
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B-Worldwide mortality rate of
cervical cancer per 100 000 females
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Diagnosis



Approaches for cervical
cancer screening:

HPV-based assays
 Hybridization-based (DB, ISH)
 Signal amplified hybridization (HC2, Microarray)
 NAATs (PCR/Real-time PCR, In-situ PCR, NASBA…)
 Sequencing (NGS)

Cytologic tests
 Conventional Pap smear
 Liquid-based cytology (LBC)
 Dual staining to identify p16 and ki-76

Visual inspection (VIA or VILI)
Naked eye
Magnification by colposcope/camera
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Liquid based cytology

Cytologic screening with Pap smears
coupled with colposcopic follow-up has
led to a about 70% reduction in
cervical cancer mortality in developed
countries.

However, Pap-based screening has
proven difficult to implement in most
in developing countries because
requiring well-trained cytologists,
quality control can be challenging, and
a single Pap test has relatively low
sensitivity
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HPV molecular tests

HPV-based assays advantages:
 Greater sensitivity than cytology
 Higher negative predictive value
 longer intervals between screens

Disadvantage:
Low specificity for cervical precancer, particularly in
younger women 17



FDA approved modalities for the
detection of HPV

Hybrid Capture 2 by Qiagen (2001)

Cervista HPV HR test by Hologic (2009)

Cobas 4800 HPV test by Roche (2011)

Aptima HPV assay by Gen Probe (purchased by
Hologic in 2012)

BD Onclarity HPV assay by Becton Dickinson (2018).
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• Cobas HPV Test (Roche)

• Oncquest HPV Test (BD Diagnostics)

• Hybrid Capture 2 (HC2) HPV DNA Test

(QIAGEN)

• APTIMA HPV Assay (Hologic)

• Cervista HPV HR Test (Quest Diagnostics)

• PreTect HPV-Proofer (Genomica)

• Versant HPV 2.0 (Siemens Healthineers)

• Xpert HPV Assay (Cepheid)

• HPV DNA Genotyping Test (Abbott)

• HPV Genotyping Assay (Digene)

• HPV DNA Test (Linear Array)

• HPV Genotyping Kit (YHLO Biotech)

FDA, EMA, Australia
Japan approved HPV kits

• BD Onclarity HPV Assay (BD Diagnostics)

• CareHPV Test (QIAGEN)

• OncoE6 Cervical Test (Arbor Vita Corporation)

• RealTimeHigh-Risk HPV (Abbott Molecular)

• Hybrid Capture 3 (HC3) HPV DNA Test (QIAGEN)

• OncoTect HPV Test (BD Diagnostics)

• HPV Genotyping Kit (YHLO Biotech)

• HPV Type 16/18 Genotyping Test (Abbott)

• HPV DNA Detection Kit (YHLO Biotech)

• HPV Genotyping Assay (BGI)

• HPV 16/18 Genotyping Kit (BGI)

• HPV DNA Detection Kit (Yikon Genomics)

• OncoE6 Cervical Test (Arbor Vita Corporation)
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The targets of the global
strategy are, by 2030:

• To vaccinate 90% of
eligible girls
• To screen 70% of eligible
women at least twice in their
lifetimes
• To effectively treat 90% of
those with a positive
screening test or a
cervical lesion
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WHO recommends using HPV DNA detection (PCR) as
the primary screening test rather than VIA or cytology
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ASCCP Risk-based
Guideline
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Risk of CIN3+ by HPV
genotyping and Cytology
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HPV diagnosis/genotyping
challenges
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Incompatibility Between different laboratory
results

Clinical examination of wart, but negative HR
result

Cutaneous wart diagnosis

Negative HPV test in CIN3/In situ
cancer/Invasive cancers

Challenges in molecular
diagnosis and genotyping
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Three main reasons for the HPV-test-negative
cervical cancer:

False HPV-negative case

Real HPV-negative cervical cancer

Incorrect classification of a non-cervical cancer

HPV Negative Cervical cancers
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Thanks for your attention30



E7 oncogenic protein

 Binding to pRB, p107 and p130 TS proteins.



E6 oncogenic protein

 ubiquitin-dependent
degradation of p53.

 Activate telomerase

 up-regulate expression
of APOBEC3B cytosine
deaminase.

 high-risk E6 contain a
X-(S/T)-X-(V/I/L) motif
at the extreme C-
terminus


