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keine



George Nicolas Papanicolaou

1928 griech. Arzt Papanicolaou entwickelt eine
spezielle Färbung, um Krebszellen im Abstrich
vom Gebärmutterhals zu erkennen.

1960er Pap Screening wird in vielen Ländern
eingeführt



Prof. Harald zur Hausen 
Mitte der 70 Jahre Publikation der Hypothese: HPV – Viren und Gebärmutterhalskrebs 
stehen in einem Zusammenhang
Anfang der 80 Jahre Isolierung  von
HPV 16 und 18 aus dem Gewebe von
Gebärmutterhalskrebs.
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Figure 1. Evolutionary Relationship between Human Papillomaviruses.
Human Papillomaviruses comprise five evolutionary groups with different epithelial tropisms and disease associations. The Alpha papillomaviruses include the low-risk
mucosal types (many of which are within the orange shaded branch) that cause genital warts, and the high-risk mucosal types (contained within the branch highlighted with
pink  shading) that can cause cervical neoplasias and cancer. Although the cutaneous HPV types (most of which are contained within the grey (Alpha), green (Beta) and blue
(Gamma) shaded branches) are not generally associated with cancers, certain Beta types have been implicated in the development of non-melanoma skin cancers (NMSC)
in  immunosuppressed individuals and in epidermodysplasia verruciformis (EV) patients. Their possible role in cancer progression in the general population is currently
unresolved. The image shows the best known maximum likelihood phylogenetic tree for the E1E2L2L1 genes of 132 HPVs. The sequences were aligned at the amino acid level
with  MUSCLE, filtered with GBLOCKS, and the corresponding codon sequences concatenated. Phylogenetic inference was performed with RAxML including three partitions
per  gene, one per codon position, using the GTR + G4 model. Branch lengths are proportional to substitutions per site.

ago [12–14]), with many evolutionary mechanisms contributing to
their current diversity, including host/virus co-evolution, recombi-
nation, host-switching and the possible extinction of the PV lineage
in some hosts [15].

In humans, the PV types that cause visible papillomas are gener-
ally of most concern for the individual, especially when they occur
at oral or genital sites and are persistent. Approximately one-third
of individuals who present for treatment with genital warts will
still have their lesions 3 months later, with recurrence after treat-
ment being a significant problem [16]. The low-risk Alpha types
that cause these lesions (typically the Alpha 10 species [e.g., HPV6
and 11]; Fig. 1) are also implicated in the development of respira-
tory papillomatosis (RRP) [17]. Although rare, juvenile RRP (which
affects around 4 per 100,000 children [18–20])  is a serious con-
dition that can only be managed by repeated surgery, and can
progress to cancer in a small percentage (approximately 5%) of per-
sistently infected individuals where the infection spreads to the
lung [20,21].

The various types of epithelial disease that HPVs cause (i.e.,
chronic asymptomatic infection or transient visible papillomas)
appear linked to their different strategies of transmission and
propagation within the epithelium, and probably also to their

different interactions with the immune system [22]. During evolu-
tion, HPVs have adapted to specific epithelial niches, with different
types having different disease associations and disease prevalence
[13,14,23].  Amongst cutaneous HPVs, the diversity within the Alpha
(species 2, 3, 4 and 14; see Fig. 1), Beta and Gamma genera con-
trasts sharply to what is seen in the apparently less successful Mu
and Nu genera. The most well studied HPV types are, however,
the mucosal Alpha types that cause cervical cancer (see Fig. 2A)
[24], and for these the biology of disease is relatively well under-
stood [3].  This is certainly the case for HPV16 (Fig. 2B) infections
of the ectocervix and the cervical transformation zone where the
majority of HPV16-associated cervical cancers develop (Fig. 3). The
life-cycle organisation of HPV16 (and Alpha types in general) at
other important epithelial sites, such as the anus, the endocervix,
the penis [25,26] and the oropharynx [27] is, however, still poorly
understood [28].

2. High- and low-risk types and their association with
cancers

The Alpha PVs are divided into cutaneous and mucosal types,
and the mucosal types are further subdivided into high-risk and
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Figure 5. Regulation of Cell Cycle Entry and Proliferation in Infected and Uninfected Epithelium. The activities of the viral proteins underlie disease phenotype. This is
apparent when the role of the high- and low-risk E6 and E7 proteins are considered in the context of disease as indicated below.
Uninfected epithelium. In uninfected epithelium (left), cell cycle entry (red nuclei) and cell division in the basal/parabasal cell layers is controlled by growth factors that
stimulate the activity of G1 cyclins including CyclinD/Cdk. CyclinD/Cdk phosphorylates pRb and displaces it from E2F, which allows the transactivation of genes necessary
for  S-phase progression. As part of this regulated stimulation of cell cycle entry, p16ink4a forms a negative feedback loop that suppresses cyclinD/cdk activity, so preventing
the  over-expression of itself and other E2F-activated genes (MCM, Ki-67, PCNA). Because of this, p14arf levels remain low, which allows MDM  to carry out its normal role of
degrading p53. The molecular pathways and their regulation are shown to the right of the diagrammatic representation of the epithelium.
Low-risk HPV infection. In lesions caused by low-risk HPV types (centre), it is thought that basal cell proliferation is largely regulated by the presence of growth factors, as is
seen  in uninfected epithelium (left). The primary role of the HPV E6 and E7 proteins in these lesions is to drive cell cycle entry above the basal layer in order to facilitate HPV
genome amplification (red nuclei in mid  epithelial layers). This is thought to be dependent on the ability of E7 to bind the Rb family member p130, and to displace it and
the  associated E2F4 and five transcriptional repressors from target promoters required for S-phase gene expression (i.e., without the need for p130 phosphorylation). The
transcriptional activators E2F1,2 and 3 can then occupy these vacant sites and stimulate expression of the host genes necessary for DNA replication and cell cycle progression
(e.g.,  PCNA, MCM,  CyclinA, CyclinE). Cells expressing the HPV E4 protein are shown in dark green, with L1 expression being shown in yellow. Cells in cycle are shown with
red  nuclei. The molecular pathways involved are shown to the right of the diagrammatic representation of the epithelium.
High-risk HPV infection. In high-risk HPV infections (right), an additional function of the high-risk E7 protein leads to the displacement of E2F 4 and 5 from Rb as well as
p130  without the need for Rb phosphorylation. The absence of effective inhibition of cell cycle progression by p16ink4a can lead to its accumulation in the cell and to an
elevation in MCM,  Ki-67 and PCNA levels throughout the infected epithelial layers. The corresponding elevation in p14arf levels compromises the normal function of MDM
in  degrading p53, which subsequently leads to an increase in p53 abundance. P53-mediated cell cycle arrest is. however. countered in the proliferative cell layers by the
high-risk E6 proteins, which associate with E6AP and mediate the ubiquination and proteosomal degradation of p53. Recent studies have suggested that certain biomarkers
of  high-risk HPV infection (such as p16ink4a) may  be also be activated as a result of E7 mediated epigenetic programming [172] in addition to the mechanism described
here.  In the diagram shown, the locations of cells driven into cycle are marked by the red nuclei in the diagrammatic representation of the epithelium, with the yellow nuclei
revealing the appearance of L1. The molecular pathways involved are shown to the right.

amplification, and then by maintenance of the viral episome at low
copy number [83,93,94].  The copy number in the basal layer of
lesions is often proposed as 200 or so copies per cell, based on the
study of episomal cell lines derived from cervical lesions. In benign
oral papillomas in animals, the basal copy number has been quan-
tified using laser capture methods as 50 to 100 copies per cell [95],
but it is likely that there will be variation from lesion to lesion and
between different sites.

The viral replication proteins E1 and E2 are thought to be essen-
tial for this initial amplification phase, but may  be dispensable for
episomal maintenance-replication once the copy number has sta-
bilised [96–98].  The precise role of E1 and E2 in the epithelial basal
layer during natural infection needs further clarification however,
given the proposed role of E2 in genome partitioning (see below).
E2 also regulates viral transcription, and has multiple binding sites
in the viral LCR (long control region or upstream regulatory region
[URR]), and (during viral DNA replication) can recruit the viral E1
helicase to a specific E1 binding motif in the viral origin of repli-
cation. It has been speculated that the use of a viral DNA helicase
(i.e., E1), which is distinct from the cellular replication helicases

(MCM proteins), allows viral DNA replication to be disconnected
from cellular DNA replication during genome establishment and
amplification [3,99].  Although the role of viral and cellular heli-
cases in genome maintenance still needs some clarification, several
studies have proposed a role for E2 in the regulation of accurate
genome partitioning during basal cell division [94]. In bovine PV,
this involves the cellular Brd4 protein, but in HPVs, other E2 binding
proteins appear to be involved in the tethering of viral episomes to
the cellular chromatin during cell division [93,94,100–102].

The precise role of the HPV E6 and E7 proteins in infected basal
cells is also uncertain, particularly for the low-risk HPV types (such
as HPV6 or 11) that are not generally associated with neoplasia,
and which are thought to produce lesions following the infection
of a basal stem cell at the site of a wound or microwound. In these
HPV types, the role of the wound healing response in driving the
initial proliferation of the infected cell(s) may  well be critical [103],
with signalling from the local microenvironment influencing viral
gene expression [104] and/or protein functions. In the case of the
high-risk types that cause neoplasia, there is a clear role of the viral
E6 and E7 proteins in driving cell proliferation in the basal and
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Figure 4. Protein Function and Patterns of Gene Expression in High and Low-Risk HPV Disease.
A. Key differences in E6/E7 protein function between the high- and-low-risk HPVs (based on fuller data presented in [105]). It is important to note that the high- and low-risk
HPV  types also have significant differences in promoter positioning and promoter regulation, as well as in patterns of mRNA splicing. These differences affect expression from
the  E6 and E7 genes [3,22].  Current thinking suggests that different patterns of viral gene expression (as well as different protein functions) play a major role in determining
disease phenotype following infection.
B. Immunostaining of cervical lesions caused by high-risk (HPV16) and low-risk (HPV11) Alpha types reveals key differences in the life-cycle organisation of these viruses.
In  lesions caused by HPV16 (left), the stimulation of cell cycle entry (as visualized by staining for the cellular MCM  protein (red)) is apparent in the basal layer and above,
with  some cells also being driven through mitosis. The blue stain (DAPI) highlights the condensed chromatin in these cells. The HPV16 E4 protein (green) appears as the
red  MCM signal begins to decline in the upper layers of the lesion. In lesions caused by HPV11 (right), the stimulation of cell cycle entry in the basal layers is much less
obvious, and the red MCM  signal indicating cell cycle entry (but not cell division) is apparent only in the upper epithelial layers. The E4 protein becomes abundant in the
upper  epithelial layers in cells that are strongly MCM  positive and which are supporting viral genome amplification. The lower ability of low-risk HPV types to drive cell
proliferation correlates with a lower incidence in neoplasia.

the initial infection of a mitotically active cell [83]. Given the
diversity of HPV types and HPV-associated diseases, we should
perhaps be cautious when making such broad generalisations
regarding the route of infection, as multiple entry pathways have
been invoked depending on the virus type under study [80,84–87].

The particular susceptibility of the transformation zone to can-
cer progression may  also be linked to the increased accessibility and
proliferation of the basal cell layers at this metaplastic epithelial
site, particularly around the time of puberty and the onset of sex-
ual activity [88]. In this case, we can hypothesize that the primary
target cells for infection may  be cells close to the squamo-columnar
junction such as the epithelial reserve cells, which lie immediately
underneath the columnar epithelium of the endocervix [89,90],
and which eventually form the stratified epithelial layers of the
transformation zone as the cervix matures. For some time now,
the general hypothesis has been that lesion formation begins with

the infection of a basal stem cell (rather than a basal transiently
amplifying cell) and that the longevity of the stem cells is a key
factor in the formation of a persistent lesion [3,50,91,92]. For the
low-risk HPV types, which do not generally cause neoplasia and
which do not massively stimulate basal cell proliferation, this is
a plausible hypothesis, even though not yet formally proven. For
the high-risk types, which can stimulate basal cell proliferation, it
is less clear whether this is a necessity. The nature of the initially
infected cell and how it relates to disease outcome is thus still a
matter of speculation.

3.1. Genome maintenance and cell proliferation in the lower
epithelial layers

Irrespective of the nature of the infected basal cell, it is gener-
ally thought that infection is followed by an initial phase of genome

J. Doorbar et al.
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Ciaran B. J. Woodman, Stuart I. Collins & Lawrence S. Young
Nature Reviews Cancer volume 7, pages 11–22 (2007)



Grundlegende Eigenschaften eines 
Screeningtest
• Technische Aspekte

• Reproduzierbarkeit
• Durchgängige Identifikation
• Vertretbarer analytischer Aufwand = Routine Tauglichkeit

• Medizinische Aspekte
• Ausreichende Sensitivität und Spezifität bzw. NPV und PPV
• Nachweislicher medizinischer Benefit



10-yr CIR of ≥CIN3 in ATHENA* vs. Kaiser

*Verification bias adjusted estimates
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Sensitivität Range Spezifität Range

HPV 96,1% 85 – 100% 90,7% 76,5 – 95,5%

PAP 53,0% 18,6 – 76,7% 96,3% 84,2 - 99,5%

Meta – Analyse Screening Studien (Cuzick Int J Cancer 2006)

Sensitivität / Spezifität PAP vs. HPV



HPV Screening
• Ein Bild sagt mehr als tausend Worte

L. Hefler





The IARC Perspective on Cervical Cancer Screening Véronique Bouvard, Ph.D N Engl J Med 2021; 385:1908-1918
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Abbildung 9: Positives Ergebnis für HPV 18 (grüne Kurve)in der PCR. Der CT-Wert liegt bei 26,7.



Biomarker

• E6/E7 mRNA (PCR)

• L1 p16, Ki-67
• Singel Genotypisierung

• DNA Methylierung 

Prof. Reich



Normal cell cycle arrest (not dividing)

No mitosis

Retinoblastoma protein (pRB) binds to the transcription factor E2F.

The pRB-E2F protein complex blocks transcription of genes that promote cell cycle 
progression and proliferation.



Normal cell cycle dividing
Progression

Arrest

The release of E2F from pRB results in cell cycle progression, mitotic replication 
and activation of the p16 gene. This enables p16 protein production and 
facilitates the re-binding of pRB to E2F, leading to cell cycle arrest.

Feedback control mechanism maintaining cell cycle proliferation and arrest.



The onset of HPV-mediated cervical disease occurs when HR-HPV types infect the basal 
cells of the epithelium. The vast majority of HPV infections are transient and clear 
within 6-12 months.

HPV Infection



Progression

Arrest

Although transient HPV infection may result in increased cell proliferation, these 
infections do not disrupt the balance between pRB and E2F or the control of p16 
expression.

Transient HPV Infection



Some HR-HPV infections persist and produce levels of viral E6 and E7 
oncoproteins that can mediate oncogenic transformation by disrupting the 
cell cycle regulatory mechanism.

Transforming HPV Infection



Fully transformed cells are characterized by unregulated cell cycle 
progression, disrupted maturation and the ability to invade underlying 
cervical stroma, resulting in cervical cancer.

Transforming HPV Infection



In cells with transforming HPV infections, HPV viral oncoprotein E7 impairs the 
function of pRB, disrupting its ability to bind to E2F. This leads to deregulated cell 
proliferation, genetic instability and p16 over-expression. Detectible by 
immunohistochemistry and immunocytochemistry staining.

Transforming Infection: Oncogenesis



p16 Protein Expression

p16, negative cell cycle regulator

Anti-proliferative effect in physiologically normal cells

p16 restricted to the G0 Phase

In cervical dysplasia, p16 cannot facilitate cell cycle arrest; the HPV viral E7 oncoproteins inactivate 
the tumor suppressor pRb upstream from p16

p16 over-
expression in 
CIN

Cervical intraepithelial neoplasia

p16

Cell cycle arrest

Mitosis

G0

G1S

G2



Proliferation Marker Ki-67

Ki-67 protein can be detected within nuclei of normal proliferating cells

Expression restricted to the G1, S, G2 and M phase of the cell cycle

• Marker of cell proliferation

No expression in non-dividing cells

• Absent in G0 phase of the cell cycle

Proliferating, 
normal squamous
epithelium, 
expressing Ki-67 

Normal cervical squamous epithelium

Mitosis

G0

G1S

G2

Ki-67

Cell cycle progression



Negative

Expression of Ki-67 
(red) signals 
progression of cell 
division

Negative Disease

Expression of p16 
(brown) signals 
halting of cell 
division

Co-expression of 
p16 & Ki-67 
(brown & red) 
indicates 
abnormality

p16, Ki-67 and Co-expression 



Expression of p16 and Ki-67 is mutually 
exclusive of each other in cells with intact cell 
cycle control.

p16/Ki-67 dual-staining in the same cell 
indicates cell cycle deregulation.

Identification of double-immunoreactive cells 
in cervical cytology preparations can be an 
indicator for the presence of high-grade 
cervical dysplastic lesions.

p16

Ki-67

p16, Ki-67 and Co-expression





HPV alleine
(ab 30. Lebensjahr)

HPV

HPV
high risk positiv

HPV
negativ

HPV 16/18
positiv

p16/Ki-67

PAP/Zytologie unter 
kolposkopischer Sicht

Routine-
kontrolle

Kolposkopie 
negativ (PE/EEC)

P16/Ki-67

Die kolposkopische und zytologische Kontrolle soll in einem Zeitraum von bis zu 6 Monaten durch-
geführt werden (S3 Leitlinie Prävention Zervixkarzinom 2017).

PAP I/II>PAP II



Mamiko Onuki et al., Posttreatment human papillomavirus testing for residual or recurrent high-grade cervical intraepithelial neoplasia: a pooled analysis. J Gynecol Oncol. 2016 Jan;27 (1):5

Triage



Huei-Jean Huang et al., Role of human papillomavirus status after conization for high-grade cervical intraepithelial neoplasia. Int. J Cancer. 2021;148:668



The pooled posttreatment risk of cervical intraepithelial neoplasia (CIN) 2+ in all studies was 4.8% (95% CI = 3.4%- 6.8%), 
ranging from 0.4%-19.5% (𝜏2 = 0.57) in individual studies. Among individuals testing negative for human papillomavirus (HPV) 
posttreatment, the risk of CIN 2+ was 0.69% (95% CI= 0.3%-1.5%); among individuals testing positive for HPV posttreatment, 
the risk of CIN 2+ was 18.3% (95% Cl= 12.1 %-26.6%) in all studies. All risk estimates were substantially higher for liquid-based cytology.

Megan A. Clarke et al., A Systematic Review of Tests for Postcolposcopy and Posttreatment Surveillance. Journal of Lower Genital Tract Disease. 2020;Vol. 24, Nr. 2:148





Status post Konisation

HPV 
positiv

p16/Ki-67



Screening einer geimpften Population

?



PAP vs Zytologie

• In der Früherkennung ist das HPV – Screening einem Zytologischen 
Screening vorzuziehen
• Ein Duales Screening (HPV+PAP) bringt keine Vorteile
• In der Triage spielen neben HPV und Zytologie auch Biomarker wie p16 

Ki 67 eine Rolle
• In der Vorsorge ist die Impfung das wichtigste Instrument
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