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1. Introduction

Cancer is a disease in which uncontrolled cell division begins, cell integrity and
transmission collapse. Cervical cancer is the second most common cancer among women
worldwide. The oncogenic human papillomavirus (HPV) types are the most significant risk
factors in its aetiology. HPV causes deformation of genomic integrity, control of cell cycle,
cell adhesion and apoptosis by suppressing tumor suppressor genes and interacting with
cellular proteins via various proteins on carcinogenesis process. While doing all these
functions, HPV undoubtedly interacts with the members of cytoskeleton which enable
cellular motility and integrity. This causes deformation of intercellular junction and tissue
integrity. Formation of “koilos” which is created by HPV in cells and has an important place
in the diagnosis of virus in gynecologic and non-gynecologic samples can be thought as the
result of interaction of HPV-cytoskeleton. In this chapter the relation between HPV proteins
and members of cytoskeleton will be studied through tumor suppressor genes. First of all
HPV genomic structure and HPV proteins will be mentioned generally, then cytoskeleton
and its members will be explained together with HPV proteins which they are in interaction
with.

2. HPV genomic structure and function

Human papillomaviruses (HPVs) are small, nonenveloped, icosahedral, double-stranded
circular DNA viruses belong to the Papovaviridae family. HPVs specifically infect keratinized
stratified epithelia. The circular DNA approximetely 8,000 bp in size, contained within a
spherical protein capsid, composed of 72 capsomers. The viral capsid has developed to
complete several roles that are crucial to establish viral infection. The HPV genome is
enclosed by an icosahedral capsid (T=7) of 55 nm in diameter composed by two structural
proteins, the major protein L1 and the minor capsid protein L2 (Horvath et al., 2010; Howley
1996; Longworth & Laimins, 2004; Prétet et al., 2007). To date, over 100 different viral types
have been recognized and new types are regularly added to this list. These viruses can be
classified into mucosal and cutaneous subtypes. Within each of these HPV groups,
individual viruses are designated high risk or low risk according to their oncologic
potential: high risk viruses such as HPV16,18 are frequently found in carcinomas. Low-risk
types are responsible for benign lesions or condylomas (Blachon & Demeret, 2003, Howley
1996; Longworth & Laimins, 2004; Mu nger et al,, 2004, Prétet et al., 2007).
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HPV types belong to four of those genera, i.e., Alphapapillomavirus, Gammapapillomavirus,
Mupapillomavirus and Nupapillomavirus have been associated with cutaneous warts,
especially foot and hand warts (Koning et al., 2011). Genitally transmitted HPV types are
contained within genus Alfapapillomavirus and viruses from this group, such as HPV 6 and
11, are major sexually transmitted pathogens (Brentijens et al., 2002; de Villiers et al., 2004,
Myers et al., 1994 as cited in Doorbar, 2005). These viruses are associated with benign
papillomas. Contrary, the high-risk viruses from supergroup A, such as HPV16 and 18,
cause mucosal lesions that can progress in some individuals to high-grade neoplasia and
cancer (Bosch et al., 2002; Walboomers et al., 1999 as cited in Doorbar, 2005). The second
major group of human papillomaviruses (also known as Beta papillomaviruses) are
contained within supergroup B such as HPV5. This virus causes inapparent or latent
infections in the general population (de Villiers et al., 2004; Myers et al., 1994; Ramoz et al.,
2002, as cited in Doorbar 2005). The third major group of human papillomaviruses (also
known as Gammapapillomaviruses) are gamma papillomaviruses such as HPV4. This virus
cause cutaneous warts in the general population that can superficially resemble those
caused by supergroup A papillomaviruses such as HPV2. The remaining group of HPVs are
contained within supergroup E (also classified as Mu and Nu-papillomaviruses (de Villiers
et al., 2004, Myers et al., 1994 as cited in Doorbar, 2005). Only three human members from
this group are known, and all cause cutaneous papillomas in the general population. HPV1
is the most well studied member of this group, and like HPV2 in supergroup A, causes
verrucas and palmar warts (Doorbar, 2005).

The HPV genome includes several open reading frames (late and early gene regions and the
non-coding long control region (LCR) that encode proteins involved in viral DNA
replication (E1 and E2), viral gene expression regulation (E2), virus assembly (E4) and the
immortalisation and transformation of infected epithelial cells (E5, E6 and E7; high-risk HPV
only). These proteins play a role in genome organization, regulation of gene expression, and
cellular transport. HPV proteins and their functions were documented in Table 1. The open
reading frames L1 and L2 encode the two capsid proteins (Howley 1996; Prétet et al., 2007).
These proteins are expressed in the upper layers of infected tissue (Ozbun & Meyers, 1998,
as cited in Doorbar, 2005). HPVs L1 and L2 capsid proteins form the structure of the virion
and facilitate viral DNA packaging and maturation.

The papillomavirus E1 and E2 proteins play significant roles in viral genome replication.
(Munger et al., 2004). The E1 protein also exhibits DNA helicase/ ATPase activity (Hughes &
Romanos 1993, Longworth & Laimins, 2004). E1 proteins bind to specific DNA elements in
the viral origin of replication and assemble into hexameric helicases with the assist of a
second viral protein, E2 (Wilson et al., 2002). The viral E2 protein is also crucial for the viral
origin of replication (Dao et al., 2006). E2 plays a role in regulating viral transcription from
the early promoter and viral genome segregation during cell division (Haugen et al., 1987 as
cited in Longworth & Laimins, 2004, Munger et al., 2004).

E6 and E7 oncoproteins, encoded by the oncogenic HPV types, are responsible for malignant
transformation. These proteins disrupt normal cell growth and proliferation by binding to
tumor suppressors proteins such as p53 and retinoblastoma (pRb) (Burd, 2003, Gammoh et
al., 2006). High risk HPV E6 protein interacts with many significant cellular protein. To
examplify these cellular protein, EF-hand calcium-binding protein E6-BP (reticulocalbin 2),
the interferon regulatory factor IRF-3, and the focal adhesion protein paxillin (Munger et al.,
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HPV

proteins

Molecular
weights

Funchions

L1

55 kDa

MMajor viral capsid protein.
Self-assermnbly in capsormners and capsids, and interarting with L2,
Interacting with cell reseptor.

L2

70 kDa

Minor wiral capsid protein,
Interacting with DIJA.
Farilitating wirion assemnbly.
Interacting with cell receptor.

El

Wiral genorme replication.
DA helicase and ATPase actwity,
Binding to specific DINA elements in the viral origin of replication and

agzsermbling into hexarmeric helicases with the assist of a second viral protein, E2.

E2

42 kDa

Site-specific D& binding protein,

Wiral genorne replication .

Wiral genomme expression regulation,

Wiral genotne segrecation during cell division.

Interacting with and recruits E1 to the origin.

Playing arole in regulating viral transcripton from the early promoter,

E4

Farilitaing wirus assernbly and release.

Interacting with the keratin cytoskeleton and interme diate filaments.
Induring G2 arrest.

E1°E4

10 kDa

Binding and collapsing the cytokeratin networl:.,
preventing the progression of cells into mitosis by arresting thern in the G2

phaze of the cell cyrle.
Binding to rmitochondria.

Induring the detarkerent of mitochondria from microtubules,
Indurtion of apoptosis.

E3

85 residues

Cellular transformation, and inditati on of neoplasia.

Eeing able to acdivate epidermnal growth factor receptor (EGFE) and other
protein kinases.

Inhikiing apoptosis.

Interacting with gap janetdon proteins.

E&

150 aa

Immmortalization and transformation of infected epithelial cells .

Disrupting norral cell growth and proliferation by binding to protein p53,
Azgoriating with EF-hand calcivwrn-binding protein, E6-EP (reticulocalbin 27, the
interferon regulatory factor IRF-3, and the focal adhesion protein pa-illin,
calciutn- binding protein ERC 55 hDLG (the marnmmalian homologue of the
Dropsophila discs large tormour suppressor protein, hderib and MUFF control
cell polarity,

Leading to the disruption of the actin cyvtoskeleton and cell matri= interart ons,
Induring tel ornerase.

Preventing cell differentiation.

ET

100 aa

Irmrnortalization and transformmati on of infected epithelial cells.

Disrupting norrnal cell growth and proliferat on by binding to protein pRb.
Leading to the delocalization of dynein from mitotc spindles via an associabon
with IMuclear MMitotc Apparatus Protein 1 (BMubda),

Destabilising centrosomes and canses ritote defects.
Artiwating cell cyele positive regulators.

Table 1. HPV proteins and their functions.
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2004). E6 also binds the p53 as part of a trimeric complex with the cellular ubiquitin ligase,
E6AP, leading to the rapid turnover of p53 (Scheffner et al., 1990; Werness et al., 1990 as
cited in Longworth & Laimins, 2004).

HPV E7 proteins are low-molecular-weight proteins of approximately 100 amino acids. This
oncoprotein encoded by small DNA tumor viruses, they associate with and adjust the
functions of cellular protein complexes. The HPV E7 proteins interact with the
retinoblastoma (Rb) family of tumor suppressors protein and the related “pocket proteins”
p107 and p130. The proteins control the activities of the E2F family of transcription factors
that regulate multiple cell cycle transitions as well as other cellular activities (Munger et al.,
2004). E7 also binds to other proteins such as p130, p21, p27, cyclin A, cyclin E, the cyclin
dependent kinase inhibitor (CKI), TBP,P300/CBP, MPP2,IGFBP-3, Mi2, NuMA (nuclear
mitotic apparatus protein 1), p600. and a cellular protein kinase activity (Dyson et al., 1989
as cited in Longworth & Laimins, 2004; Jones and Munger, 1996; Pim and Banks, 2010).

HPV-16 may not only inactivate the tumor suppressor proteins p53 and pRB with its E6 and
E7 oncoproteins, respectively, but could also alter other cellular functions through E7
interaction with the cytoskeleton or associated proteins (Rey et al.,2000). Causing both
benign and malignant lesions, HPV must first infect the divisible basal cell to induce
papilloma formation (Burd, 2003; Flores et al., 2000, Howley 1996; Stanley, 2001). Viral
replication occurs concomitantly with epithelial cell differentiation. Entering the basal cell,
HPV replicates simultaneously with epithelial cell differentiation and reaches the
keratinized cell (Andersson et al., 2005; Burd, 2003; Flores et al., 2000; Hoory et al., 2008;
Howley 1996; Stanley, 2001).

The E4 protein is the most abundantly expressed HPV protein. HPV E17°E4 accumulates in
differentiating cells of the upper epithelial layers. It is synthesized from a spliced mRNA,
E17E4, which encodes five amino acids from the E1 ORF spliced to the protein encoded by
the E4 ORF (Chow et al., 1987, Doorbar et al., 1990, Nasseri et al., 1987 as cited in Raj et al.,
2004). The first activity described for the 10-kDa HPV type 16 (HPV16) E1"E4 protein was
its ability to bind and collapse the cytokeratin network (Doorbar et al., 1991 as cited in Raj et
al., 2004). Although all of the role of HPV16 E1"E4 is unclear, previous work has revealed
that HPV16 E17E4 can interact with keratins and cause the reorganization of the keratin
intermediate-filament network (Doorbar et al., 1991 as cited in Wang et al., 2004). The HPV
16 E1"E4 protein binds to keratins directly and interacts strongly with keratin 18, a member
of the type I intermediate-filament family. By contrast, HPV16 E1"E4 bound only weakly to
keratin 8, a type Il intermediate-filament protein, and showed no detectable affinity for the
type III protein, vimentin (Wang et al., 2004).

The product of the E5 oncogene in HPVs contributes to cellular transformation. HPV16 E5 is
a highly hydrophobic protein. It found mainly at the Golgi apparatus and internal
membranes (Conrad et al., 1993 as cited in Alonso and Reed, 2002). Little is known about the
biological activities of the HPV16 E5 protein or the source of its oncogenicity. It has been
shown that E5 is able to regulate epidermal growth factor receptor (EGFR) activation in the
presence or absence of ligand, and that expression of the protein in human keratinocytes
results in altered gap junction-mediated cell-cell communication (Alonso and Reed, 2002).
HPV ES5 is also known to interact with growth factor receptors and gap junction proteins
and is believed to play a role during the initiation of neoplasia (Yang et al., 2003).
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Most benign and low-grade cervical lesions contain HPV DNA in an extrachromosomal
state (Durst et al., 1985 as cited in Martineza 2007). However, in most cases of cervical
carcinomas the HPV DNA is usually found integrated into the host chromosomes,
frequently disrupting the E1 and E2 genes (zur hausen, 2000, 2002; Durst et al., 1985;
Meissner et al., 1989 as cited in Martinez 2007). This process result in increased expression of
the viral E6 and E7 oncogenes (Yee et al., 1985 as cited in Martinez 2007).

A common feature of Human papillomavirus infection is the appearance of koilocytosis in
the differentiated layers of squamous epithelium. Koilocytosis is the most common
cytopathic effect and is considered by pathologists to be the major histopathological aspect
for determination of HPV infection. Koilocytosis is composed of the presence of abnormal
koilocytes. The greatest change caused by HPV in the epithelial cell cytoplasm is called
koilos. Koilos means “hollow” in Greek. These koilocytes are squamous epithelial cells that
may contain an acentric hyperchromatic nucleus and large clear perinuclear halos that
usually occupy a greater volume than that of the cytoplasm (Fornatora et al., 1996;
Krawczyk et al., 2008; Miyahara et al., 2011, Safi Oz et al., 2009, Safi Oz, 2010). The multiple
nuclei of koilocytes are in fact multilobation of a single nucleus, and this phenomenon is
associated with upregulation of gene products related to the G2 chectpoint. On restoration
of 3D confocal images, the multinucleated feature of koilocytes was revealed to be
multilobation of a single nucleus, as opposed to true multinucleation (Cho, 2005, 2006).

HPV causes various changes through its structural proteins in the cytoplasms and nuclei of
the cells and tissues it infects (Krawczyk et al., 2008, Safi Oz et al., 2009, Safi Oz, 2010,
Fornatora et al. 1996 as cited in Miyahara et al., 2011). The formation of koilos is influenced
by the structural proteins of the virus, cell skeletal filaments, and tumour suppressor genes.
Modifications of the cytoskeleton as a result of viral protein expression have been associated
with oncogenic transformation by papillomaviruses. HPV proteins are interacted with cell
skeletal filaments. Some of these proteins are E6 (HPV16,18), E7 (HPV16,18,38), E5 (high and
low risk HPV types), E1"E4 (HPV16), E4 proteins (Lee & Dominguez, 2010; McIntosh et al.,
2010; Nguyen 2008; Rey et al., 2000, Safi Oz, 2010; Stanley, 2001; Uribe & Jay., 2009; Yue et
al., 2011).

3. HPV proteins in relation with cytoskeletal filaments and interaction
mechanisms

Malignant transformation occurs with the alteration of cytoskeleton (Ben-Ze’ev 1997 as cited
in Akgul et al., 2009). All these chances occur in different stages of cell cycle. Disruption of
cytoskeleton not only means disruption of cytoskeletal organization but also disruption of
many cellular functions. In this section, first of all cytoskeleton, its members and functions
will be mentioned briefly. Then HPV proteins which are known and thought to have
relation with cytoskeleton due to studies carried out until today will be explained. HPV
proteins and cellular molecules interacted with cytoskeletal filament disruption were
documented in Table 2)

The cytoskeleton is a network of fibers throughout the cell's cytoplasm that helps the cell
maintain its shape and gives support to the cell. In addition to providing support for the
cell, the cytoskeleton is also involved in cellular motility and in moving vesicles within a
cell, as well as assisting in the formation of food vacuoles in the cell. A variety of cellular
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organelles are held in place by the cytoskeleton. The cytoskeleton is made up of three
different types of protein filaments: microtubules, actin filaments (microfilament) and
intermediate filaments. Each type of filament has different mechanical possestions and
dynamics, but certain fundamental principles are common to them all (Alberts et al.,2002;
http:/ /biology.about.com/od/cellanatomy/a/aa013108a.htm).

Actin filaments determine the shape of the cell’s surface and are necessary for whole cell
locomadation. The actin cytoskeleton is a critical part of the cellular activities such as cell
shape, cell division, motility, contraction, focal adhesion, phagocytosis, protein sorting and
signal transduction (Lee & Dominguez 2010; Uribe & Jay 2009). Actin filament’s usefullness
to the cell depends on a large number of accessory proteins that link the filaments to other
cell component. These proteins are essential for the control assembly of the cytoskeletal
filaments in particular locations (Alberts et al., 2002). Cell movement is an important
phenomenon in embryonic morphogenesis, immune surveillance, angiogenesis and tissue
repair and regeneration (Hussey et al., 2006; Itoh and Yumura, 2007; McMahon and Gallop,
2005; Puppo et al., 2008; Yamaguchi and Condeelis, 2007 as cited in Lee & Dominguez,
2010). Two transition types (monomeric or G actin and filamentous or F actin) of actin
filaments are in cells (Uribe & Jay 2009). Schematic representation of monomeric and
filamentous actin were seen in Figure. 1.

The actin filament is asymmetric; actin monomers join the barbed (or +) fast growing end of
the filament in the ATP-bound state and depart the filament preferentially from the pointed
(or -) end primarily in the ADP state, giving rise to a process known as actin filament
threadmilling. The transition between two types of actin is tighty regulated in cells by a
large number of Actin-Binding Proteins (ABPs) (Lee & Dominguez, 2010; Uribe & Jay 2009).
ABPs carry out a wide range of functions, including actin filament nucleation, elongation,
severing, capping, and crosslinking and actin monomer sequestration (Lee & Dominguez
2010). The reorganization of the actin cytoskeleton is regulated in time and space by
multiple factor, most notably Rho family GTPases that act as GTP-dependent molecular
switches (Raftopoulou and Hall, 2004 as cited in Lee & Dominguez 2010). Among the small
GTPases of the Rho family, Cdc42, Rac, and Rho are recognized as the most important
regulators of actin assembly, controlling respectively the formation of filopodia,
lamellipodia, and stress fibers (Etienne- Manneville and Hall, 2002 as cited in Lee &
Dominguez 2010). Signals transmitted through these GTPases lead to localized actin
cytoskeleton assembly/disassembly at the plasma membrane, with the actin filaments
acting to push the cellular membrane (Hall, 1994 as cited in Lee & Dominguez 2010).

By interacting with paxillin, E6 protein facilites transformation by disrupting the normal
links between paxillin and the actin cytoskeleton by displacing paxillin-LD motif-binding
proteins, disrupts the actin filament formation and the regulation of cytoskeleton (Cooper et
al., 2007; Safi Oz et al., 2009, Rapp & Chen, 1998, Turner, CE., 2000). In the light of this
information, the disruption of actin filament formation and thus, cytoskeleton disruption are
believed to affect the formation of koilos around the nucleus (Safi Oz et al., 2009, Rapp &
Chen, 1998, Cooper et al., 2007). With HPV disrupting actin filament formation, it is thought
that cell shape and division, motility, contraction, focal adhesion and phagocytosis may be
influenced.
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Fig. 1. Schematic representation of monomeric and filamentous actin

The bovine papillomavirus (BPV) E6 oncoprotein also interacts with paxillin and disrupt the
actin cytoskeleton. HPV16 E6 binding to paxillin may contribute to the carcinogenic
potential of the human papillomavirus (HPV). The association of HPV16 E6 with paxillin
was affected by depolymerization of the actin fiber network. Disruption of the actin
cytoskeleton is a characteristic of many transformed cells. (Tong & Howley, 1997).

HPVES6 interacted with numerous proteins involved in adhesion, cell architecture and
polarity. hDLG (the mammalian homologue of the Dropsophila discs large tomour
suppressor protein), hScrib and MUPP control cell polarity and cellular scaffolds, and their
interaction with E6 would lead to deregulation of cytoskeletal organization and cell-cell
interactions (Campo, 2005). E6 also interact with the calcium binding protein ERC 55 and the
paxillin, interactions that could lead to the disruption of the actin cytoskeleton and cell
matrix interactions. Paxillin is a protein associated with focal adhesion kinase (FAK), a
kinase that plays a regulatory role in cell migration, and vinculin and involved in the
regulation of the cytoskeleton. Paxillin takes role in the regulation of actin cytoskeleton by
interacting with other adhesion proteins in the cell such as actopaxin and vinculin. When
Human Papillomavirus E6 protein is associated with paxillin, interaction of paxillin with
other adhesion proteins therefore formation of actin cytoskeleton is disrupted. (Table 2)
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(disrupt paxillin and vinculin,
actopaxin interaction)

ERC55 (calcium binding

protein)
HPV 16 E6 hDLG (the mammalian Dis'ruPtion of
homologue of the actin filament

Dropsophila discs large

. Actin filament
tomour suppressor protein)

hScrib
MUPP
Tight junction complex
HPV 16 E7 Disruption of
Unknown .
HPV 38 E7 actin filament

Microtubule network

. Di . ;
(attaches to microtubule 1sruption o

. microtubule
network via the motor motors and HPV
HPV 16 E7 protein complex dynein) associated
NuMA ( Nuclear Mitotic . .
tumorigenesis.

Apparatus Protein 1) /dynein | Microtubule

Mitotic errors
network

Microtubule network

. Disruption of
(attaches to microtubule 1stup

HPV 16 L2 . microtubule

network via the motor
. . motors

protein complex dynein)

HPV E4 Cytokeratin . Total collapse of
Cvtokerati {nternediate the cytokeratin

A yiQReralin filament Z
HPV E17E4 DEAD-BAX protein matrix

Table 2. HPV proteins and cellular molecules interacted with cytoskeletal filament disruption

HPVES, specifically targets p53 for inactivation in order to promote cell growth and
transformation and tumor supressors such as MAGI-1 and SAP97/hDlg for degradation.
HPVES6 also targets numerous cellular proteins involved in a variety of cellular processes
such as calcium signaling, cell adhesion, transcriptional control, DNA synthesis, apoptosis,
cell cycle control, DNA repair, and small G-protein signaling. (Das et al., 2000, Degenhardt
& Silverstein, 2001, Filippova et al, 2002, Gao et al., 1999, Gao et al., 2000, Iftner et al., 2002,
Kuhne & Banks, 1998 Tong and Howley, 1997 as cited in Zhang et al., 2007). Cellular targets
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for the E6 proteins from high-low risk HPV types are Bak, myc, E6AP, E6BP/ERC55, P300
/CBP, PDZ proteins, hTERT, Tyk2, hAda3 (Pim and Banks, 2010). HPV E6 interacts with
tight junction complex (Zhang et al., 2007). Tight junction acts as an impermeable barrier
that divides epithelial cells into functionally distinct apical and basolateral membrane
domains (Yeaman et al., 1999 as cited in Zhang., 2007). Tight junctions consist of several
transmembrane proteins (occludin, claudins, and junctional adhesion molecule). All these
proteins are associated with at least one of the Zonula occludens proteins (ZOPs). ZOPs
bind to the junctional transmembrane proteins linking them to the actin cytoskeleton. So,
ZOPs establish a link between the junction site and the cytoskeleton by interacting directly
with actin filaments (Fanning et al., 1998, Itoh et al., 1997, Wittchen et al., 1999 as cited in
Traweger et al., 2003). ZOPs currently comprising ZO-1, ZO-2, and ZO-3, belong to the
family of membrane-associated guanylate kinase homologue (MAGUK) proteins. MAGUK
proteins are involved in the organization of epithelial and endothelial intercellular junctions
(Traweger et al., 2003 as cited in Bauer et al., 2010). HPV E6 polypeptide binds to MAGUK
Proteins (Zhang et al., 2007). The ZO-2 protein is targeted by HPVE6. ZO-2, a 160-kDa
phosphoprotein and was found to co-precipitate with ZO-1 in epithelial cells (Gumbiner et
al., 1991, Jesaitis and Goodenough, 1994 as cited in Traweger et al., 2003).

ZOPs not only associate with each other but also with components of adherens junctions
and gap junctions in cells lacking (Gumbiner et al., 1991, Howarth and Stevenson, 1995 as
cited in Traweger et al., 2003). Adherens junction is responsible for cell-cell adhesion
(Gumbiner, 1996 as cited in Zhang., 2007). The disruption of adherens junction decreases the
phosphorylation of E-cadherin by protein kinase CK2, and this process of downregulation is
treated as a common event in carcinogenesis (Serres et al., 2000 as cited in Zhang., 2007).
Tight junction disruption and apobasical activity directly contribute to carcinogenesis by
deregulating normal proliferation and differentiation programs in epithelial cells (Matter &
Balda et al., 2003 as cited in Zhang., 2007). It is also thought that the damage caused by HPV
on E6 proteins and tight junctions on carcinogenesis process is important.

HPV-16 may not only inactivate the tumor suppressor proteins p53 and pRB with its E6 and
E7 oncoproteins, respectively, but could also alter other cellular functions through E7
interaction with the cytoskeleton or associated proteins. The E7 oncoprotein of Human
Papillomavirus type 16 interacts with F-Actin in vitro and in vivo. F-actin is part of cellular
structures such as microfilaments and the cell cortex and interacts with several structural
and regulatory components. F-actin modifications resulting from viral protein expression
will not only affect cytoskeletal organization but can also disrupt several cellular functions
(Rey et al, 2000).

Yue et al. showed that HPV38 E7 induces actin stress fiber disruption, and this phenomenon
correlates with its ability to down-regulate Rho activity. In addition, HPV38 E7 is able to
induce actin fiber disruption by directly binding to the eukaryotic elongation factor 1A
(eEF1A) and abolishing its effects on actin fiber formation. Their data support the conclusion
that HPV38 E7 promotes keratinocyte proliferation in part by negatively regulating actin
cytoskeleton fiber formation and by binding to eEF1A and inhibiting its effects on actin
cytoskeleton remodeling (Yue et al., 2011).

The second type of cytoskeletal filament is the microtubule. Microtubules determine the
positions of membrane-enclosed organelles and direct intracellular transport. Microtubules
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are formed from protein subunits of tubulin (alpha-tubulin and beta-tubulin) (Alberts et al.,
2002). Construction of microtubules was seen in Figure 2.

protofilament

cross section of

tricrotubules

Fig. 2. Construction of microtubules from a and 3 tubulins

Romani et al. showed that the effect of HPV transformation on cellular cytoarchitecture.
Cells from laryngeal papillomas and normal epithelium were cultured in vitro. Cytoskeletal
components of both types of cells were visualized by immunofluorescence, to determine
whether there were any differences in the structure or distribution of the cytoskeleton. The
intermediate filaments and actin filaments are altered in the papilloma cells but there isn’t
significant change in microtubules (Romani et al., 1987). (Table 2) Most of the studies carried
out up-to-now are about HPV proteins and motor proteins. HPV16 E7 expresion leads to an
increased population of mitotic cells with dynein, a minus end-directed microtubule motor
protein, delocalized from the mitotic spindle. Dynein is composed of several subunits. The
dynein motor complex aids in the positioning of the Golgi complex and mitochondria, along
with other organelles, and transports cargo from the endoplasmic reticulum, endosomes,
and lysosomes. It is possible that the disruption of microtubule motors by high-risk HPV
may contribute to HPV associated tumorigenesis (Nguyen et al., 2008). The other type of
motor protein is kinesin. Kinesin uses the energy of ATP hydrolysis to move along a
microtubule. These proteins have legs and feet that change conformations by binding and
hydrolyzing ATP to walk along the microtubules.

Also HPV16 L2 protein attaches to microtubule network via the motor protein complex
dynein (Florin et al., 2006; Schneider et al., 2011). The viral capsid play a critical role in the
establishment of the viral infection. The L2 protein is an internally located multifunctinal
protein with roles in genome encapsidation (Schelhaas et al., 2008, Holmgren et al., 2005 as
cited in Horvath et al., 2010). Papillomaviruses enter cells via endocytosis. After endocytic
cell entry and egress from endosomes, HPV16L2 goes along with the viral DNA to the
nucleus. HPV16 L2 protein may be involved in the intracytoplasmic transport of the viral
genome (Florin et al., 2006; Schneider et al., 2011).
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The high-risk HPV16 E7 expression leads to the delocalization of dynein from mitotic
spindles via an association with Nuclear Mitotic Apparatus Protein 1 (NuMA). The
disruption of the NuMA /dynein network may result in mitotic errors (Nguyen, 2008, 2009).
It is hypothesized that these event may important role in chromosome alignment and viral
persistance (Nguyen & Munger., 2009).

The third type of cytoskeletal filament is the intermediate filament. Intermediate filaments
(IFs) provide mechanical strenght and resistance to share stres (Alberts et al.,, 2002).
Intermediate filament-associated diseases clearly represent a significant group of human
pathologies, and these pathologies that have given us the best clues to the function of this
type of cytoskeleton component (Penky & Lane, 2007). Intermediate filaments are composed
of smaller subunits that are themselves elongated and fibrous, but actin filaments and
microtubules are made of compact and globular subunits (Alberts et al., 2002).

IFs is a highly elongated, rod-like dimer based on an a-helical coiled-coil structure.
Assembly of cytoplasmic IF proteins, such as vimentin, begins with a lateral association of
dimers into tetramers and gradually into the so-called unit-length filaments (ULFs)
(Strelkov et al., 2003). The molecular organisation of the intermediate filaments is specific for
the cell type, the developmental stage and the type of differentiation (McIntosh et al., 2010).
Major types of intermediate filament proteins in vertebrate cell are nuclear, vimentin-like,
epithelial and axonal IF. Nuclear IF are composed of lamin A, B and C. The nuclear lamins
are filamentous proteins, providing the nucleus with a putative skeleton for chromatin
attachment (Alberts et al., 2002, Carmo-Fonseca &David-Ferreira , 1990).

Different families of intermediate filaments are keratins, neurofilaments, vimentin-like
filaments. Neurofilaments are found in concentrations along the axons of vertebrate
neurons. Neurofilament proteins are NF-L, NF-M, NF-H. The vimentin-like filaments are
found in muscle, glial cells, many cells of mesenchymal origin and some neurons (Alberts et
al., 2002). The most diverse intermediate filament family is that of the keratins. Keratins are
major structural proteins in epithelial cells and form the cytoplasmic network of
intermediate filaments (Fuchs et al.,, 1998 as cited in Wang et al., 2004). Every keratin
filament is made up of type I (acidic) and type II (neutral/basic) keratin chains (Alberts et
al., 2002). The keratin IF network of epidermal keratinocytes provides a protective barrier
against mechanical insult, it is also a major player in absorbing stress in these cells
(McIntosh et al., 2010). They contain at least 20 members, called keratin 1 (K1) to K20, which
are divided into two types according to the sequence and isoelectric point (pI). K9 to K20 are
type I (acidic) keratins. The type II keratins, K1 to K8, are neutral or basic. Type I and type II
keratins form noncovalent heteropolymers at a 1:1 ratio (Moll et al., 1998 as cited in Wang et
al., 2004). Recently, several new functions of keratins have emerged. K8 and K18 prevent
Fas- and possibly tumor necrosis factor-induced apoptosis (Caulin et al., 1998, Gilbert et al.,
2001, Inada et al., 2001, Ku et al., 2003 as cited in Wang et al., 2004). Keratin intermediate
filaments are highly dynamic structures and are reorganized during cellular events such as
mitosis and apoptosis (Wang et al., 2004). Diversity of keratins is clinically useful in the
diagnosis of epithelial carcinomas, as the particular set of keratins expressed gives an
indication of the epithelial tissue in which the cancer originated and thus can help to guide
to choise of treatment (Alberts et al., 2002). HPVE4 interacts with the keratin cytoskeleton
and intermediate filaments (Campo, 2005). Recent studies have introduced a new protein
named E1"E4 of HPV16 that could disrupt the epithelial cytoskeleton. This protein is
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encoded by spliced mRNAs that fuse the two early genes, E1 and E4, which encodes five
amino acids from the E1 ORF spliced to the protein encoded by the E4 ORF, and is the most
abundantly expressed viral protein in HPV-infected epithelia (Doorbar et al., 1991 as cited in
Ohta & Nishiyama, 2011). It has been reported that this protein degrades the cytoskeleton by
interacting with epithelial cell proteins (Davy et al., 2002, Nakahara et al.,2002 ). (Table 2)
Doorbar et al showed that expression of the HPV-16 E1"E4 protein in human keratinocytes
(the natural host cell for HPV infection) results in the total collapse of the cytokeratin matrix.
Tubulin and actin networks are unaffected by E1-E4, as are the nuclear lamins (Doorbar et
al., 1991). The human HPV16 E1"E4 protein is associate with and reorganise the keratin IF
network in cells in culture. HPV16 E1"E4 was found to effect a dramatic cessation of keratin
IF network dynamics by associating with both soluble and insoluble keratin. These
observations shed new light on the mechanism of keratin IF network reorganisation
mediated by HPV16 E17"E4 (Mclntosh et al., 2010). E1"E4 also translocates to mitokondria
via an N-terminal leucine-rich region and induces the detachment of mitocondria from
microtubules. The detached mitochondria then aggregate adjacent to the nucleus (Ohta &
Nishiyama, 2011).

HPV16 E1"E4 protein is the most abundantly expressed viral protein in HPV infected
epithelia. HPV E17E4 possesses the ability to bind to the cytokeratin network by interacting
directly with cytokeratins and to DEAD-box proteins. Keratin association leads to the
eventual reorganization of the cytokeratin network in vivo as well as in vitro (Wang et al.,
2004 as cited in Raj et al., 2004). Interestingly, the collapse of the network appears to initiate
from the plasma membrane. Once collapsed, the cytokeratin appears as a cluster beside the
nucleus.

HPV16 E1"E4 is also able to prevent the progression of cells into mitosis by arresting them
in the G2 phase of the cell cycle.

HPV16 E17E4 protein binds to mitochondria after binding to and collapsing the cytokeratin
network and induces the detachment of mitochondria from microtubules, causing the
organelles to form a single large cluster adjacent to the nucleus. This is followed by a severe
reduction in the mitochondrial membrane potential and an induction of apoptosis (Raj et al.,
2004).

In addition to the proteins mentioned above, it is expressed that HPV E5 protein contributes
to the formation of koilocytes together with E6. The HPV E5 proteins are small (83 amino
acids) hydrophobic proteins whose biological functions remain unresolved. These proteins
are localized to endosomal membranes and the Golgi but on occasion are found in the
cellular membranes (Longworth & Laimins, 2004). This protein associates with Golgi
apparatus, endoplasmic reticulum and cellular membrane and inhibits endocytic activity by
linking actin cytoskeleton. Although the role of HPV E5 in the cell-cycle is not known
completely, it was shown with studies carried out on rodents that it shows low oncogenic
activity in addition to major oncoproteins E6 and E7 (Kabsch & Alonso, 2002; Suprynowicz
et al., 2008; Yang et al., 2003 as cited in Safi Oz., 2010). E6 protein in low and high risk HPV
types aims at p53 and PDZ protein which organizes membrane transport in polarized
epithelial cell membrane and may be damaging cell cytoskeleton (Safi Oz 2009, Krawczyk et
al., 2008). HPV E5 - cell cytoskeleton association is an issue which requires more detailed
biochemical and cellular studies.
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4. Conclusion

Here, I summarize recent progress in my understanding of the interaction between Human
papillomavirus proteins and their ability to disrupt cytoskeletal filaments. Disruption of cell
cytoskeleton causes the occurrence of some important diseases such as cancer. Disruption of
cell cytoskeleton both causes the disruption of cellular motility and cellular integrity and
failure of important biological events such as cell division, contraction and phagocytosis.
Association of various viruses with cell cytoskeleton is a study issue which has been gaining
importance in recent years. HPV is included in this group of virus. In the studies of cell
cytoskeleton - HPV, HPV16 and 18 which are among the risky group in the sense of cancer
formation, become prominent. E6 protein of HPV16 and 18, E5 protein of HPV 16 and E7
protein of HPV38 associate with the members of actin cell cytoskeleton and damages cell
cytoskeleton. Moreover, HPV E6 associates through MAGUK (membrane-associated
guanylate kinase homologue) proteins with tight junctions which form impermeable barrier
between apical and basal membrane domains. Although studies show that actin and
intermediate filaments in papilloma cells alter but there are no significant alterations in
microtubules; more detailed studies are required on this subject. In association of HPV -
microtubule, some studies have been shown in which HPV16 minor capsid protein L2 and
E7 link with microtubule network via motor protein dynein. Moreover it was stated that
HPV16 E7 causes dynein delocalization via Nuclear mitotic apparatus (NuMa). I am of the
opinion that there are few studies upon HPV and kinesine from motor proteins;
enlightenment of this subject will direct the association of HPV-microtubule.
Comprehensive understanding of HPV-cytoskeleton interaction will offer new insights into
the HPV life cycle as well as karcinogenesis. This virus- cytoskeleton interaction will also
provide a paradigm for investigating other DNA tumor viruses that share a similar
mechanism for interacting with cytokeratin filaments.

5. Acknowledgement

I am very grateful to my husband, Burak Oz, for his drawings and encouragement.

6. References

Akgul B., Zigrino, P., Frith, D., Hanrahan & S., Storey A. (2009). Proteomic analysis reveals
the actin cytoskeleton as cellular target for the human papillomavirus type 8.
Virology Vol .386 pp. 1-5 ISSN: 0042-6822

Alberts B, Johnson A, Lewis ], Raff M, Roberts K, Walter P. (2002). The cytoskeleton, In:
Molecular Biology of the Cell (4th Edition), p: 907-982 Garland Science
Taylor&Francis group, ISBN 0-8153-3218-1, United States of America

Alonso A & Reed J. (2002). Modelling of the human papillomavirus type 16 E5 protein.
Bichimica et Biophysica Acta Vol. 1601 pp. 9-18 ISSN - 0006-3002

Andersson, S., Safari, H., Mints, M., Lewensohn- Fuchs, 1., Gyllensten, U & Johansson, B.
(2005). Type distribution, viral load and integration status of high-risk human
papillomaviruses in pre-stages of cervical cancer (CIN) British Journal of Cancer Vol.
92, pp.2195 - 2200 ISSN (printed): 0007-0920. ISSN (electronic): 1532-1827

Bailey, R. The cytoskeleton, In: About.com Biology, 2011,
http: / /biology.about.com/od/cellanatomy/a/aa013108a.htm

www.intechopen.com



Human Papillomavirus and Related Diseases
304 — From Bench to Bedside — Research Aspects

Bauer, H., Zweimueller-Mayer, J, Steinbacher, P., Lametschwandtner, A & Bauer, HC.
(2010). The Dual Role of Zonula Occludens (ZO) Proteins. Journal of Biomedicine and
Biotechnology Volume 2010, Article ID 402593, 11 pages ISSN (printed): 1110-7243,
ISSN (electronic): 1110-7251

Ben-Ze'ev, A. (1997). Cytoskeletal and adhesion proteins as tumor suppressors. Curr. Opin.
Cell Biol. Vol.9 No.1, pp. 99-108, (Online); ISSN:0955-0674

Blachon, S & Demeret, C. (2003). The regulatory E2 proteins of human genital
papillomaviruses are pro-apoptotic. Biochimie Vol. 85, pp. 813-819 ISSN: 0300-9084

Bosch, FX., Lorincz, A., Munoz, N., Meijer, C] & Shah KV. (2002). The causal relation
between human papillomavirus and cervical cancer. | Clin Pathol Vol.55 pp. 244-65.
ISSN (printed): 0021-9746. ISSN (electronic): 1472-4146.

Brentjens, MH., Yeung-Yue, KA., Lee, PC &Tyring, SK. (2002). Human papillomavirus: a
review. Dermatol Clin Vol.20 pp. 315-31. ISSN: 0738-081X (Print) 1879-1131
(Electronic

Burd E. (2003). Human Papillomavirus and Cervical Cancer. Clin Microbiol Rev Jan pp. 1-17
ISSN: 0983-8512

Campo, S. (2005). The essential transforming proteins of HPV: E5, E6 and E7. News letter on
Human Papillomavirus. HPV Today 2005: 8-10 website: www.hpvtoday.com

Carmo-Fonseca M & David-Ferreira JF. (1990). Interactions of intermediate filaments with
cell structures. Electron Microscopy Reviews Vol. 3, Issue 1, pp. 115-141, ISSN: 0892-
0354

Caulin, C,, C. F. Ware, T. M. Magin, & R. G. Oshima. (2000). Keratindependent, epithelial
resistance to tumor necrosis factor-induced apoptosis. J. Cell Biol. Vol. 149 pp.17-22,
ISSN (printed): 0021-9525. ISSN (electronic): 1540-8140

Cho, NH., Kang, S., Hong, S., Jeong, GB., Choi, IW., Choi, H] & Choi HK. (2005).
Multinucleation of koilocytes is in fact multilobation and is related to aberration of
the G2 checkpoint. | Clin Pathol Vol. 58 pp. 576-582 ISSN (printed): 0021-9746. ISSN
(electronic)

Cho, NH., Kang, S., Hong, S., Jeong, GB., Choi, IW., Choi, H] & Choi HK. (2006).
Multinucleation of koilocytes is actually multilobation. Int ] Gynecol Cancer. (Mar-
Apr) Vol. 16 No. 2 pp.686-9 ISSN (printed): 1048-891X

Chow, LT., Reilly SS, T. R. Broker TR, & L. B. Taichman LB. (1987). Identification and
mapping of human papillomavirus type 1 RNA transcripts recovered from plantar
warts and infected epithelial cell cultures. J. Virol. Vol. 61 pp. 1913-1918. Online
ISSN: 1098-5514; Print ISSN: 0022-538X .

Conrad M, Bubb V], Schlegel R. (1993). The human papillomavirus type 6 and 16 E5 proteins
are membrane- associated proteins which associate with the 16 kilodalton pore-
forming protein, J. Virol. Vol.67 pp. 6170- 6178. Online ISSN: 1098-5514; Print ISSN:
0022-538X ...

Cooper, B., Brimer, N & Vande Pol SB. (2007). Human Papillomavirus E6 Regulates the
Cytoskeleton Dynamics of Keratinocytes through Targeted Degradation of p53.
Journal of Virology (Nov) Vol. 81, No. 22 pp. 12675-12679, Online ISSN: 1098-5514;
Print ISSN: 0022-538X

Dao, LD., Duffy, A., Van Tine, BA., Wu, SY., Chiang, CM., Broker, TR & Chow LT. (2006).
Dynamic Localization of the Human Papillomavirus Type 11 Origin Binding
Protein E2 through Mitosis While in Association with the Spindle Apparatus.
Journal of Virology Vol.80, No.10 (May) pp. 4792-4800 Online ISSN: 1098-5514; Print
ISSN: 0022-538X

www.intechopen.com



The Interaction between Human Papillomavirus Proteins and Cytoskeletal Filaments 305

Das, K., Bohl, ] & Vande Pol, SB. (2000). Identification of a second transforming function in
bovine papillomavirus type 1 E6 and the role of E6 interactions with paxillin, E6BP,
and E6AP. ]. Virol. Vol. 74 pp. 812-816, ISSN: 0022-538X

Davy CE, Jackson JD, Wang Q et al. Identification of a G2 arrest domain in the E1"E4 of
Human Papillomavirus type 16. 2002. | Virol Vol.76, pp.9806-9818, Online ISSN:
1098-5514; Print ISSN: 0022-538X

de Villiers, EM., Fauquet, C., Broker, TR., Bernard, HU & zur Hausen, H. (2004).
Classification of papillomaviruses. Virology Vol. 324:17-27. ISSN: 0042-6822

Degenhardt, YY & Silverstein, SJ. (2001). Gps2, a protein partner for human papillomavirus
E6 proteins. J. Virol. Vol. 5 pp.151-160, ISSN: 0022-538X

Doorbar J. (2005). The papillomavirus life cycle. Journal of Clinical Virology vol. 32S pp. S7-
S15 ISSN: 1386-6532

Doorbar, J., Ely, S., Sterling, J., McLean, C & Crawford L. (1991). Specific interaction between
HPV-16 E1-E4 and cytokeratins results in collapse of the epithelial cell intermediate
filament network. Nature. (Aug) Vol. 29 No. 352 (6338) pp. 824-7. ISSN : 0028-0836

Doorbar, JA. Parton, K., Hartley, K., Banks, L., Crook, ., Stanley, & Crawford.L. (1990).
Detection of novel splicing patterns in an HPV16-containing keratinocyte cell
line. Virology Vol. 178 pp. 254-262. ISSN: 0042-6822

Durst, M., Kleinheinz, A., Hotz, M. & Gissmann, L. (1985. The physical state of human
papillomavirus type 16 DNA in benign and malignant genital tumors. | Gen Virol
Vol. 66 pp.1515-22 Print ISSN: 0022-1317; Online ISSN: 1465-2099

Dyson, N., Howley, PM., Munger, K & Harlow E. (1989). The human papilloma virus-16 E7
oncoprotein is able to bind to the retinoblastoma gene product. Science Vol. 243,
pp.: 934-937. ISSN 0036-8075 (print), 1095-9203 (online)

Etienne-Manneville, S & Hall, A. (2002). Rho GTPases in cell biology. Nature Vol. 420 pp.
629-635, ISSN : 0028-0836

Fanning, A.S., Jameson, B]J., Jesaitis, LA., & Anderson, JM. (1998). The tight junction protein
Z0O-1 establishes a link between the transmembrane protein occludin and the actin
cytoskeleton. |. Biol. Chem. Vol. 273, pp.29745-29753, Print ISSN 0021-9258; Online
ISSN 1083-351X

Filippova, M., Song, H., Connolly, JL., Dermody, TS & Duerksen- Hughes, P]. (2002). The
human papillomavirus 16 E6 protein binds to tumor necrosis factor (TNF) R1 and
protects cells from TNF-induced apoptosis. |. Biol. Chem. Vol. 277 pp.21730-21739,
Print ISSN 0021-9258; Online ISSN 1083-351X

Flores, E., Allen-Hoffmann, L., Lee, D & Lambert P. (2000). The Human Papillomavirus type
16 E7 oncogene is required for the productive stage of the viral life cycle. | Virol
Vol. 74 pp. 6622-6631 Online ISSN: 1098-5514; Print ISSN: 0022-538X

Florin, L., Becker, KA., Lambert, C., Nowak, T., Sapp, C., Strand, D., Streeck, RE & Sapp, M.
(2006). Identification of a Dynein interacting domain in the papillomavirus minor
capsid protein | Virol. (Jul) Vol.80, No.13, pp.6691-6 16775357, Online ISSN: 1098-
5514; Print ISSN: 0022-538X

Fornatora, M., Jones, AC., Kerpel, S & Freedman P. (1996). Human papillomavirus-
associated oral epithelial dysplasia (koilocytic dysplasia): an entity of unknown
biologic potential. Oral Surg Oral Med Oral Pathol Oral Radiol Endod Vol. 82 pp. 47-
56 ISSN (printed): 1079-2104. ISSN (electronic): 1528-395X

Fuchs, E., & K. Weber. (1994). Intermediate filaments: structure, dynamics, function, and
disease. Annu. Rev. Biochem. Vol. 63 pp. 345-382, ISSN: 0066-4154

www.intechopen.com



Human Papillomavirus and Related Diseases
306 — From Bench to Bedside — Research Aspects

Gammoh, N., Grm, HS., Massimi, P & Banks, L. (2006). Regulation of Human
papillomavirus type 16 E7 activity through direct protein interaction with the E2
transcriptional activator. | Virol pp. 1787-1797 Online ISSN: 1098-5514; Print ISSN:
0022-538X

Gao, Q., Kumar, A., Srinivasan, S., Singh, L., Mukai, H., Ono, Y., Wazer, DE, & Band V.
(2000). PKN binds and phosphorylates human papillomavirus E6 oncoprotein. J.
Biol. Chem. Vol. 275 pp. 14824-14830, Print ISSN 0021-9258; Online ISSN 1083-351X

Gao, Q., Srinivasan, S., Boyer, SN., Wazer, DE & Band, V. (1999). The E6 oncoproteins of
high-risk papillomaviruses bind to a novel putative GAP protein, E6TP1, and target
it for degradation. Mol. Cell. Biol. Vol.19 pp.733-744, Online ISSN: 1098-5549; Print
ISSN: 0270-7306

Gilbert, S., A. Loranger, N. Daigle, & N. Marceau. (2001). Simple epithelium keratins 8 and
18 provide resistance to Fas-mediated apoptosis. The protection occurs through a
receptor-targeting modulation. J. Cell Biol. Vol. 154 pp.763- 773, ISSN (printed):
0021-9525. ISSN (electronic): 1540-8140

Gumbiner, B., Lowenkopf T & Apatira D. (1991). Identification of a 160- kDa polypeptide
that binds to the tight junction protein ZO-1. Proc. Natl. Acad. Sci. USA Vol. 88
pp-3460-3464, ISSN:0027-8424 (Print) ; 1091-6490 (Electronic) ; 0027-8424 (Linking).

Gumbiner, BM. (1996). Cell adhesion: the molecular basis of tissue architecture and
morphogenesis. Cell Vol.84 pp.345-357, ISSN: 0092-8674

Hall, A. (1994). Small GTP-binding proteins and the regulation of the actin cytoskeleton.
Annu. Rev. Cell Biol. Vol.10 pp. 31-54, ISSN: 0743-4634

Haugen, CTPTH., Turk, JP., Tabatabai, F., Schmid III, PG., Durst, M., Gissmann, L., Roman
A & Turek LP. (1987). Transcriptional regulation of the human papillomavirus-16
E6-E7 promoter by a keratinocyte- dependent enhancer, and by viral E2 trans-
activator and repressor gene products: implications for cervical carcinogenesis.
EMBO J. Vol.6 pp.3745-3753 ISSN 0261-4189

Holmgren, SC., Patterson, NA., Ozbun, MA & Lambert PF. (2005). The minor capsid protein
L2 contributes to two steps in the human papillomavirus type 31 life cycle. | Virol,
Vol.79 pp.3938-3948, Online ISSN: 1098-5514; Print ISSN: 0022-538X

Hoory, T., Monie, A., Grawitt, P & Wu TC. (2008). Molecular epidemiology of human
papillomavirus. | Formos Med Assoc Vol. 107 pp. 198-217 ISSN: 0929-6646

Horvath, CAJ., Gaélle, AV., Boulet, GAV., Renoux, VM., Philippe, O., Delvenne, PPO., John-
Paul, ] & Bogers, JPJ. (2010). Mechanisms of cell entry by human papillomaviruses:
an overview. Virology Journal Vol.7:No.11, pp.1-7 ISSN: 1743-422X

Howarth AG & Stevenson BR. (1995). Molecular environment of ZO-1 in epithelial and non-
epithelial cells. Cell Motil. Cytoskeleton. Vol.31, No.4, pp.323-332, ISSN (printed):
0886-1544. ISSN (electronic): 1097-0169

Howley PM: Papillomavirinae: The viruses and Their Replication. In: Fields BN, Knipe DM,
Howley PM (Eds): Fundamental Virology. 3th ed. Philadelphia, JB Lippincott
Company, 1996,947-978

Hughes, F] & Romanos, MA. (1993). E1 protein of human papillomavirus is a DNA
helicase/ ATPase. Nucleic Acids Research Vol.21, No.25 pp. 5817-5823 Online ISSN
1362-4962 Print ISSN 0305-1048

Iftner, T., Elbel, M., Schopp, B., Hiller, T., Loizou, JI., Caldecott, KW & Stubenrauch, F.
(2002). Interference of papillomavirus E6 protein with singlestrand break repair by
interaction with XRCC1. EMBO ]. Vol. 21 pp.4741-4748, ISSN 0261-4189

www.intechopen.com



The Interaction between Human Papillomavirus Proteins and Cytoskeletal Filaments 307

Inada, H., I. Izawa, M. Nishizawa, E. Fujita, T. Kiyono, T. Takahashi, T. Momoi, & M.
Inagaki. (2001). Keratin attenuates tumor necrosis factorinduced cytotoxicity
through association with TRADD. ]. Cell Biol. 155:415- 426, ISSN (printed): 0021-
9525. ISSN (electronic): 1540-8140

Itoh, M., Nagafuchi, A., Moroi, S., & Tsukita, S. (1997). Involvement of ZO-1 in cadherin-
based adhesion through its binding to-catenin and actin filaments. |. Cell Biol.
Vol.138 pp. 181-192, ISSN (printed): 0021-9525. ISSN (electronic): 1540-8140

Jesaitis, LA & Goodenough DA. (1994). Molecular characterization and tissue distribution of
Z0-2, a tight junction protein homologous to ZO-1 and the Drosophila discs-large
tumor suppressor protein J. Cell Biol Vol.124 pp.949-961, ISSN (printed): 0021-9525.
ISSN (electronic): 1540-8140

Jones, DL & Munger, K. (1996). Interactions of the human papillomavirus E7 protein with
cell cycle regulators. Seminars in Cancer Biology Vol.7: 327-337 ISSN: 1044-579X

Kabsch K, Alonso A. (2002). The Human Papillomavirus Type 16 E5 Protein Impairs TRAIL
and FasLMediated Apoptosis in HaCaT cells by different mechanisms. ] Virol
Vol.76 pp.12162-12172, Online ISSN: 1098-5514; Print ISSN: 0022-538X ...

Koning MNC, Khoe LV, Eekhof JAH, Kampa M, Gussekloo J, Ter Schegget ], Bouwes
Bavinck JNB & Quint WGV. (2011). Lesional HPV types of cutaneous warts can be
reliably identified by surface swabs. | Clin Virol. ISSN: 1386-6532

Krawczyk, E., Suprynowicz, FA & Liu, X et al. (2008). Koilocytosis, A cooperative interaction
between the Human Papillomavirus E5 and E6 oncoproteins. Am | Pathol Vol. 173
pp- 682-688 ISSN: 0002-9440 (Print) 1525-2191 (Electronic)

Ku, N. O., R. M. Soetikno, & M. B. Omary. (2003). Keratin mutation in transgenic mice
predisposes to Fas but not TNF-induced apoptosis and massive liver injury.
Hepatology Vol. 37 pp.1006-1014, Online ISSN: 1527-3350

Ku'hne, C & L. Banks L. (1998). E3-ubiquitin ligase/E6-AP links multicopy maintenance
protein 7 to the ubiquitination pathway by a novel motif, the L2G box. J. Biol. Chem.
Vol. 273 pp.34302-34309, Print ISSN 0021-9258; Online ISSN 1083-351X

Lee, SH & Dominguez, R. (2010). Regulation of actin cytoskeleton dynamics in cells. Mol
Cells. (Apr) Vol.29 No. 4 pp. 311-25 ISSN 1097-2765 (printable version).

Longworth, MS. & Laimins, LA. (2004). Pathogenesis of Human Papillomaviruses in
Differentiating Epithelia. Microbiology and Molecular Biology Reviews. Vol. 68, No. 2,
(June) pp. 362-372 Online ISSN: 1098-5557; Print ISSN: 1092-2172

Martineza, 1., Wangb, J., Hobsona, KF., Robert, L., Ferrisb, RL., Saleem, A & Khana SA.
(2007). Identification of differentially expressed genes in HPV-positive and HPV-
negative oropharyngeal squamous cell carcinomas. European Journal of Cancer Vol.
43 pp. 415 -432 ISSN: 0959-8049

Matter, K & Balda MS. (2003). Signalling to and from tight junctions. Nat. Rev. Mol. Cell Biol.
Vol. 4 pp.225-236, ISSN (printed): 1471-0072. ISSN (electronic): 1471-0080.

Mclntosh, PB, Laskey P, Sullivan K, Davy C, Wang Q, Jackson D], Griffin HM, & John
Doorbar. J. (2010). E1"E4-mediated keratin phosphorylation and ubiquitylation: a
mechanism for keratin depletion in HPV16-infected epithelium. | Cell Sci. (August)
Vol. 15; No. 123(16) pp. 2810-2822 Online ISSN: 1477-9137; Print ISSN: 0021-9533

Meissner, JD. (1999). Nucleotide sequences and further characterization of human
papillomavirus DNA present in the CaSki, SiHa and HeLa cervical carcinoma cell
lines. | Gen Virol Vol. 80 pp.1725-33 Print ISSN: 0022-1317; Online ISSN: 1465-2099

Miyahara, GI., Simonato, LE., Mattar, NJ., Camilo, Jr DJ & Biasoli ER. (2011). Correlation
between koilocytes and human papillomavirus detection by PCR in oral and

www.intechopen.com



Human Papillomavirus and Related Diseases
308 — From Bench to Bedside — Research Aspects

oropharynx squamous cell carcinoma biopsies. Mem Inst Oswaldo Cruz, Rio de
Janeiro, (March) Vol. 106 No. 2 pp. 166-169 Print version ISSN 0074-0276

Moll, R., W. W. Franke, D. L. Schiller, B. Geiger, & R. Krepler. (1982). The catalog of human
cytokeratins: patterns of expression in normal epithelia, tumors and cultured cells.
Cell Vol. 31 pp.11-24, ISSN: 0092-8674

Mu nger, K., Baldwin, A., Edwards, KM., Hayakawa, H., Nguyen, CL., Owens, M., Grace, &
M, Won Huh, K. (2004). Mechanisms of Human Papillomavirus-Induced
Oncogenesis. Journal of Virology (Nov) pp. 11451-11460 Online ISSN: 1098-5514;
Print ISSN: 0022-538X

Myers, G., Bernard, H-U., Delius, H., Favre, M., Icenogel, J., Van Ranst, M., Wheeler C,
editors. Human papillomaviruses a compilation and analysis of nucleic acid and
amino acid sequences. 1st ed. Los Alamos, USA: Theoretical Biology and
biophysics group T-10, Los Alamos National Laboratory; 1994.

Nakahara T, Nishimura A, Tanaka M, Ueno T, Ishimoto A, Sakai H. Modulation of the cell
division cycle by Human Papillomavirus type 18 E4. (2002). ] Virol . Vol. 76,
pp-10914-10920, Online ISSN: 1098-5514; Print ISSN: 0022-538X

Nasseri, M., Hirochika, R., Broker TR, & Chow LT. (1987). A human papillomavirus type 11
transcript encoding an EIAE4 protein. Virology Vol. 159 pp.433-439. ISSN: 0042-
6822

Nguyen CL & Munger K. (2009). Human Papillomavirus E7 Protein Deregulates
Association with Nuclear Mitotic Apparatus. Journal Of Virology (Feb) pp. 1700-
1707, Online ISSN: 1098-5514; Print ISSN: 0022-538X

Nguyen, CL., McLaughlin-Drubin, ME & Munger K. (2008). Delocalization of the
microtubule motor dynein from mitotic by the Human Papillomavirus E7
oncoprotein is not induction of multipolar mitoses. Cancer Res Vol. 68 No.21 pp.
8715-8722 Online ISSN: 1538-7445; Print ISSN: 0008-5472

Ohta A & Nishiyama Y. (2011). Mitochondria and viruses. Mitochondrion Vol.11 pp.1-12,
ISSN: 1567-7249

Ozbun, MA &Meyers, C. (1998). Temporal usage of multiple promoters during the life cycle
of human papillomavirus type 31b. | Virol Vol. 72 pp.2715-22 Online ISSN: 1098-
5514; Print ISSN: 0022-538X

Penky, M & Lane EB. (2007). Intermediate filaments and stress. Experimental Cell Research
Vol. 313;2244-2254, ISSN: 0014-4827

Pim, D & Banks, L. (2010). Interaction of viral oncoproteins with cellular target molecules:
infection with high-risk vs low-risk human papillomaviruses APMIS Vol. 118 pp.
471-493 Online ISSN: 1600-0463

Prétet, JL., Charlot, JF & Mougin, C. (2007). Virological and carcinogenic aspects of HPV.
Bull Acad Natl Med. Vol.191, No.3 (Mar) pp. 611-23 ISSN: 0001-4079 (Print)

Raftopoulou, M & Hall, A. (2004). Cell migration: Rho GTPases lead the way. Dev. Biol. Vol.
265, pp. 23-32, ISSN: 1054-5476

Raj, K., Berguerand, S., Southern, S., Doorbar, J., & Beard P. (2004). E1"E4 Protein of Human
Papillomavirus Type 16 Associates with Mitochondria. Journal of Virology, (July)
Vol. 78, pp. 7199-7207 Online ISSN: 1098-5514; Print ISSN: 0022-538X

Ramoz, N., Rueda, LA., Bouadjar, B., Montoya, LS., Orth, G &Favre M. (2002). Mutations in
two adjacent novel genes are associated with epidermodysplasia verruciformis. Nat
Genet Vol.32 pp.579-81. ISSN : 1061-4036

Rapp L & Chen J. (1998). The papillomavirus E6 proteins. Biochim Biophys Acta (Aug) Vol. 19
pp. F1-19, ISSN 0006-3002

www.intechopen.com



The Interaction between Human Papillomavirus Proteins and Cytoskeletal Filaments 309

Rey, O., Lee, S., Marcel, A., Baluda, MA., Swee, ]., Ackerson, B., Chiu, R & Park NH. (2000).
The E7 Oncoprotein of Human Papillomavirus Type 16 Interacts with F-Actin in
Vitro and in Vivo. Virology Vol. 268 pp. 372- 381 ISSN: 0042-6822

Romani VG, Abramson AL & Steinberg BM. (1987). Laryngeal papilloma cells in culture
have an altered cytoskeleton. Acta Otolaryngol. (Mar-Apr) Vol. 103 No. (3-4) pp.
345-52, ISSN (printed): 0001-6489. ISSN (electronic): 1651-2251

Safi Oz Z. (2010). Approach to koilocytosis mechanism by HPV proteins. Marmara Medical
Journal Vol. 23 No. 1 pp;60-66 Online ISSN: 1309 - 9469. Print ISSN: 1019 - 1941

Safi, Z., Demirezen, S., Mocan Kuzey, G., Beksac, MS & Ustacelebi S. (2009). Cytologic and
Clinical Evaluation of Human Papillomavirus in Women Underwent Routine
Gynecologic Examination. Gynecol Obstet Reprod Med. Vol.15 No.2 pp.94-99 (ISSN
1300-4751),

Scheffner, M., Werness, BA., Huibregtse, JM., Levine, A] & Howley PM. (1990). The E6
oncoprotein encoded by human papillomavirus types 16 and 18 promotes the
degradation of p53. Cell Vol. 63 pp.1129-1136. ISSN: 0092-8674

Schelhaas, M., Ewers, H., Rajamdki, ML., Day, PM., Schiller, JT & Helenius A. (2008).
Human papillomavirus type 16 entry: retrograde cell surface transport along actin-
rich protrusions. PLoS Pathog (Sep) Vol.5 No.4,e1000148, ISSN 1553-7366

Schneider, MA., Spoden, GA., Florin, L & Lambert, C. (2011). Identification of the Dynein
Light Chains required for Human Papillomavirus Infection. Cell Microbiol. (Aug)
Vol.13 No.1,pp.32-46, ISSN (printed): 1462-5814. ISSN (electronic): 1462-5822.

Serres, M., Filhol O, Lickert H, Grangeasse C, Chambaz EM, Stappert ], Vincent, C & Schmitt
D. (2000) The disruption of adherens junctions is associated with a decrease of E-
cadherin phosphorylation by protein kinase CK2. Exp. Cell Res. Vol.257 pp.255-264,
ISSN: 1001-0602

Stanley M. (2001). Human Papillomavirus and cervical carcinogenesis. Best Pract Res Clin
Obstet Gynecol Vol. 15 pp. 663-676 ISSN: 1521-6934

Strelkov SV, Herrmann H & Aebi U. (2003). Molecular architecture of intermediate
filaments. BioEssay Vol.3 pp. 243-251, ISSN: 1809-8460

Suprynowicz FA, Disbrow GL, Krawczyk E, Simic V, Lantzky K & Schlegel R. (2008). HPV
16 E5 oncoprotein upregulates lipid raft components caveolin-1 and ganglioside
GML1 at the plasma membrane of cervical cells. Oncogene Vol. 27 pp. 1071-1078,
ISSN: 0950-9232

Tong, X & Howley, PM. (1997). The bovine papillomavirus E6 oncoprotein interacts with
paxillin and disrupts the actin cytoskeleton. Proc Natl Acad Sci U S A. (Apr) Vol. 29
No.94 (9) pp. 4412-7, ISSN:0027-8424 (Print); 1091-6490 (Electronic); 0027-8424 (Linking)

Tong, X & Howley, PM. (1997). The bovine papillomavirus E6 oncoprotein interacts with
paxillin and disrupts the actin cytoskeleton. Proc. Natl. Acad. Sci. USA Vol. 94 pp.
4412-4417, ISSN:0027-8424 (Print) ; 1091-6490 (Electronic) ; 0027-8424 (Linking)

Traweger, A., Fuchs, R., Krizbai, IA., Weiger, TM., Bauer, HC & Bauer, H. (2003). The Tight
Junction Protein ZO-2 Localizes to the Nucleus and Interacts with the
Heterogeneous Nuclear Ribonucleoprotein Scaffold Attachment Factor-B. The
Journal of Biological Chemistry Vol. 278, No. 4, (Issue of January 24), pp. 2692-2700,
Print ISSN 0021-9258; Online ISSN 1083-351X

Turner CE. Paxillin interactions. (2000). Cell Science at a glance. J Cell Sci Vol.113, pp.4139-
4140 www.biologists.com/jcs, Online ISSN: 1477-9137; Print ISSN: 0021-9533.

Uribe R & Jay D. (2009). A review of actin binding proteins: new perspectives. Mol Biol Rep.
Vol. 36 pp.121-125 ISSN (printed): 0301-4851. ISSN (electronic): 1573-4978

www.intechopen.com



Human Papillomavirus and Related Diseases
310 — From Bench to Bedside — Research Aspects

Walboomers, J., Jacobs, M., Manos, MM., Bosch, F., Kummer, ] & Shah K, et al. (1999).
Human papillomavirus is a necessary cause of invasive cervical cancer worldwide.
J Pathol Vol. 189 pp.12-9. ISSN: 0022-3417 Online ISSN: 1096-9896

Wang, Q., Griffin, H., Southern, S., Jackson, D., Martin, A., McIntosh, P., Clare Davy, C.,
Phillip J. Masterson PJ., Philip A. Walker PA., Laskey, P., Omary MB., & Doorbarl
J. (2004). Functional Analysis of the Human Papillomavirus Type 16 E1"E4 Protein
Provides a Mechanism for In Vivo and In Vitro Keratin Filament Reorganization.
Journal of Virology (Jan) Vol.78 No.2 pp.821-833 Online ISSN: 1098-5514; Print ISSN:
0022-538X

Wang, Q., Griffin, S., Southern, S., Jackson, D., Martin, A., McIntosh, P., Davy, C,,
Masterson, P., Walker, P., Laskey, P., Omary, M., & Doorbar J. (2004). Functional
analysis of the human papillomavirus type 16 E1"E4 protein provides a mechanism
for in vivo and in vitro keratin filament reorganization. J. Virol. Vol.78 pp. 821-833.
Online ISSN: 1098-5514; Print ISSN: 0022-538X ...

Werness, BA., Levine, A] & Howley PM. (1990). Association of human papillomavirus types
16 and 18 E6 proteins with p53. Science Vol. 248 pp.76-79

Wilson, VG., West, M., Woytek, K & Rangasamy D. (2002). Papillomavirus E1 proteins: Form,
Function, and Features. Virus Genes Vol.24, No. 3, pp. 275-290 ISSN: 0920-8569

Wittchen, ES., Haskins, ] & Stevenson, BR. (1999). Protein interactions at the tight junction.
Actin has multiple binding partners, and ZO-1 forms independent complexes with
Z0-2 and ZO-3. ]. Biol. Chem. (Dec 3) Vol. 274 No. 49 pp. 35179-35185, Print ISSN
0021-9258; Online ISSN 1083-351X

Yang, DH., Wildeman, AG & Sharom FJ. (2003). Overexpression, purification, and structural
analysis of the hydrophobic E5 protein from human papillomavirus type 16. Protein
Expression and Purification Vol. 30 pp. 1-10 ISSN (printed): 1046-5928. ISSN
(electronic): 1096-0279

Yeaman, C., Grindstaff, KK & Nelson, WJ]. (1999). New perspectives on mechanisms
involved in generating epithelial cell polarity. Physiol. Rev. Vol. 79 pp.73-98, ISSN:
0031-9333

Yee, C., Krishnan, HI., Baker, CC., Schlegel, R & Howley PM. (1985). Presence and
expression of human papillomavirus sequences in human cervical carcinoma cell
lines. Am ] Pathol Vol.119 pp.361-6 ISSN: 0002-9440 (Print) 1525-2191 (Electronic)

Yue, J., Shukla, R., Accardi, R., Zanella-Cleon, 1., Siouda, M., Cros, MP., Krutovskikh, V.,
Hussain, I., Niu, Y., Hu, S., Becchi, M., Jurdic, P., Tommasino, M & Sylla, BS. (2011).
Cutaneous HPV 38 E7 Regulates Actin Cytoskeleton Structure for Increasing Cell
Proliferation through CK2 and the Eukaryotic Elongation Factor 1A. | Virol. (Jun
22) [Epub ahead of print) ISSN: 0022-538X

Zhang, Y, Dasgupta, J., Ma, RZ., Banks, L., Thomas, M & Chen, XS. (2007). Structures of a
Human Papillomavirus (HPV) E6 Polypeptide Bound to MAGUK Proteins:
Mechanisms of Targeting Tumor Suppressors by a High-Risk HPV Oncoprotein.
Journal of Virology (Apr) Vol. 81, No. 7 pp. 3618-3626, Online ISSN: 1098-5514; Print
ISSN: 0022-538X

zur Hausen H. (2000). Papillomaviruses causing cancer: Evasion from host-cell control in
early events in carcinogenesis. | Natl Cancer Inst Vol. 92 pp.690-8 ISSN: 0027-8874,
online ISSN : 1460-2105

zur Hausen H. (2002). Papillomaviruses and cancer: from basic studies to clinical
application. Nature Rev Cancer Vol.2 pp. 342-50 (ISSN: 1474-175X, 1474-1768).

www.intechopen.com



Human Papillomavirus and Related Diseases - From Bench to

HUMAN PAPILLOMAVIRUS
AND RELATED DISEASES —
FROM BENCH TC BEDSIDE

RESEARCH ASPECTS

Bedside - Research aspects
Edited by Dr. Davy Vanden Broeck

Edved by Odvy Vandem Brosck

ISBN 978-953-307-855-7

Hard cover, 406 pages

Publisher InTech

Published online 25, January, 2012

_ Published in print edition January, 2012

Cervical cancer is the second most prevalent cancer among women worldwide, and infection with Human
Papilloma Virus (HPV) has been identified as the causal agent for this condition. The natural history of cervical
cancer is characterized by slow disease progression, rendering the condition, in essence, preventable and
even treatable when diagnosed in early stages. Pap smear and the recently introduced prophylactic vaccines
are the most prominent prevention options, but despite the availability of these primary and secondary
screening tools, the global burden of disease is unfortunately still very high. This book will focus on
epidemiological and fundamental research aspects in the area of HPV, and it will update those working in this
fast-progressing field with the latest information.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Zehra Safi Oz (2012). The Interaction between Human Papillomavirus Proteins and Cytoskeletal Filaments,
Human Papillomavirus and Related Diseases - From Bench to Bedside - Research aspects, Dr. Davy Vanden
Broeck (Ed.), ISBN: 978-953-307-855-7, InTech, Available from: http://www.intechopen.com/books/human-
papillomavirus-and-related-diseases-from-bench-to-bedside-research-aspects/the-interact-on-between-
human-papillomavirus-proteins-and-cytoskeletal-filaments

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE BHIERFARK6SS HiBEFR R ARIRE I AE40582TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2012 The Author(s). Licensee IntechOpen. This is an open access article
distributed under the terms of the Creative Commons Atiribution 3.0
License, which permits unrestricted use, distribution, and reproduction in
any medium, provided the original work is properly cited.




