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ABSTRACT
The most common sexually transmitted virus is Human papillomavirus (HPV), which comes in more than 280 types. The basal cells of epi-
thelial tissues are responsible for taking up the HPV virus in cases of infection and malignancy caused by the virus. HPV, especially through 
the E6 and E7 proteins of high-risk HPV types, can cause benign infections or malignancies by inactivating tumor suppressor genes, dis-
rupting cell cycle control, activating telomerase, preventing cell adhesion, polarity and differentiation, suppressing the immune system, and 
preventing apoptosis by inactivating tumor suppressor genes (especially p53, pRb).
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ÖZ
İnsan Papilloma Virüs (HPV), cinsel yolla bulaşan en yaygın viral enfeksiyon etkenidir ve 280’den fazla tipi bulunmaktadır.  HPV’nin 
neden olduğu enfeksiyon ve malignitede virüsün epitel dokunun bazal hücrelerince alınması gerekmektedir. HPV özelllikle de yüksek riskli 
HPV tiplerinin E6 ve E7 proteinleri aracılığıyla, tümör baskılayıcı genlerin (özellikle p53, pRb) inaktivasyonu, hücre döngüsü kontrolünün 
bozulması, telomerazın aktivasyonu, hücre adezyonu, polarite ve epitel hücre farklılaşmasının bozulması, immün sistemin baskılanması ve 
apoptozun engellenmesi ile benign enfeksiyonlara ya da maligniteye neden olabilir.
Bu derlemede, Human papillomavirüsün epitel hücre üzerindeki etkileri virüsün özel proteinleri aracılığıyla gerçekleşen morfolojik 
değişiklikler ve nükleus-sitoplazma oranı açısından değerlendirilmiştir. Morfolojik değişiklikler, koilositozis, sitoplazmik vakuolizasyon, 
nükleer genişleme, nükleer membran düzensizlikleri, hiperkromazi, anormal kromatin dağılımı, mikronükleasyon, binükleasyon, karyoreksis, 
karyoliz karyopiknozis ve nükleer tomurcuklanma başlıkları altında ele alınmıştır. Gen regülasyonunda önemli rol oynayan nükleer mimarideki 
değişiklikler özelllikle öne çıkmaktadır. Sonuç olarak, HPV’nin hücrenin nükleer ve sitoplazmik tekstüründeki değişikliklerinin bilinmesinin, 
servikal karsinogenez patofizyolojisini açıklamak için uygun ve maliyet-etkin bir yaklaşımın önerilmesine, HPV kanserleri için spesifik 
biyobelirteçlerin geliştirilmesine ve HPV’nin karsinogenezdeki etkilerini anlamada yeni bakış açılarının geliştirilmesine katkıda bulunacağı 
düşünülmektedir
Anahtar Sözcükler: İnsan papilloma virus, İPV, serviks kanseri, sitoloji, skuamöz epithel hücre, PAP simir 

GRAFIKSEL ÖZET

In this review, the effects of Human papillomavirus on epithelial cells were evaluated in terms of morphological changes and the nucle-
us-cytoplasm ratio mediated by specific proteins of the virus. Morphological changes are discussed under the headings of koilocytosis, 
cytoplasmic vacuolization, nuclear enlargement, nuclear membrane irregularities, hyperchromasia, abnormal chromatin distribution, micro-
nucleation, binucleation, karyorrhexis, karyolysis karyopyknosis and nuclear budding. Nuclear architecture changes, which play a crucial role 
in gene regulation, are particularly prominent.
Finally, it is believed that knowledge of the changes that HPV causes in cell nuclear and cytoplasmic texture will facilitate the development 
of a cost-effective and appropriate approach to explaining cervical cancer pathophysiology, the development of specific biomarkers, and the 
development of new perspectives in understanding HPV's impact on cancer.
Keywords: Human Papilloma virus, HPV, cervical cancer, cytology, Squamous epithelial cell, PAP smear
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INTRODUCTION 

Human papilloma virus (HPV) consists of circular, covalent-
ly closed double-stranded DNA and a non-enveloped ico-
sahedral capsid. To date, over 280 HPV genotypes have 
been identified based on differences in the HPV DNA se-
quence. Viral particles consist of eight open reading frames. 
The HPV genome is divided into three sections: the early 
(E) gene region (E1, E2, E4, E5, E6 and E7), the late gene 
region (L1, L2) and the long control region (LCR). LCR reg-
ulates the origin of replication (1). This virus infects basal 
cells and its active cycle is associated with cellular differen-
tiation. Through its structural proteins, HPV causes various 
alterations. These cellular effects are presented under the 
headings of morphology and morphometry below (2-11).

EFFECTS OF HPV ON MORPHOLOGY 

In HPV infection, koilocytosis is the most prominent cellular 
change in differentiated squamous epithelial strata. This is 
formed as a result of the interaction of cytoskeletal elements 
especially actin and microtubules and viral proteins such as 
E6 (HPV16, 18), E7 (HPV16, 18, 38), E5 (high and low-risk 
HPV types), E1^E4 (HPV16), E4 (HPV 16) (3). Cytoplasmic 
vacuolization is a morphological change observed in the ep-
ithelial cell cytoplasm due to various pathogens, including 
HPV (12). 

Many significant degenerative nuclear alterations such as 
membrane irregularities, nuclear enlargement, hyperchro-
masia, abnormal chromatin distribution, micronucleation 
(MN) binucleation (BN), karyorrhexis (KR), karyolysis (KL), 
karyopyknosis (KP) and nuclear budding (NB) induced by 
HPV are detectable by light microscopy in Papanicolaou 
Smear (Figure 1). HPV leads to disarrangement of the 
nuclear lamina. This is responsible for maintaining nucle-
us morphology and is also an attachment point for chro-
mosomes. Disruption of the lamina causes chromatin or-
ganization, gene expression and chromosomal instability 
irregularities. It can also cause nuclear membrane irregu-
larities (4,13). Micronuclei (MN) indicate chromosomal in-
stability (14-17). It is often a broken chromosome fragment 
(16). Previous studies have shown that micronuclei were 
significantly higher in the HPV 16/18 group. (10, 18, 19). 
However, it is still unclear how HPV affects micronucleus 
formation.  HPV proteins support malignant cell prolifera-
tion by disrupting p53 of E6 and pRb of E7. Evaluation of 
MN is valuable for monitoring HPV-induced chromosomal 
instability. In carcinogenesis, HPV affects many signifi-
cant mechanisms such as cell cycle, apoptosis, and tumor 
growth suppression (10). As a result of this interaction, kary-
orhexis, karyolysis, and karyopyknosis occur in cells. Kary-
orhexis is a nuclear membrane fragmentation. Chromatin 
breaks into small basophilic granules and spreads into the 

cytoplasm in this process. Karyolysis is a cell nucleus disso-
lution. Karyopyknosis involves shrinkage or condensation 
of the cell due to increased nucleus compactness. Although 
these changes are specific to infection, it remains unknown 
at what level these degenerative changes occur in that in-
fection (20). Exfoliated epithelial cells undergo binucleation 
as a reactive cellular change (21). Although the mechanism 
of binucleation formation in HPV infections has not been 
explained in detail yet, it is thought that HPV structural pro-
teins interact with cytoskeletal elements and affect cytokine-
sis, so cytoplasm division does not occur following nuclear 
division. Nuclear budding (NB) is commonly seen in cancer 
and is associated with chromosomal instability. NBs are 
connected to the nucleus by stalks of nucleoplasmic mate-
rial depending on the stage of the budding process (13, 22). 
In addition to these changes, HPV causes nuclear enlarge-
ment and chromatin texture changes. Nuclear enlargement 
is one of the characteristic alterations in malignant cells. In 
these cells, nuclear enlargement is thought to produce ab-
normal nuclear shapes to maintain the ratio of nucleus to 
cytoplasm. Normal cells tend to maintain the ratio of the 
nucleus volume to cell volume. Along with the HPV-induced 
change in gene expression, the change in chromatin orga-
nization may also lead to nuclear architecture change (10, 
23, 24). Alterations in nuclear architecture and chromatin 
organization during carcinogenesis and tumor progression 
can also lead to nuclear shape changes in the nucleus (24). 
Epigenetic modulations in chromatin and the nuclear mem-
brane are related to gene expression and carcinogenesis 
(23, 25).

In the literature, Guillaud et al. indicate that a correlation 
between HPV and chromatin condensation and measuring 
E2 and E6/E7 expression will effectively reveal this rela-
tionship (26). In addition, Gautam and Moody indicated that 
DNA damage response (DDR) facilitates HPV replication 
(27). Understanding how DDR alters viral chromatin mod-
ifications in HPV infection is a crucial question to clarify in 
the future.

EFFECTS OF HPV ON MORPHOMETRY

Computerized image analysis is one of the methods used to 
eliminate diagnostic variability in cytological and histopatho-
logical samples, with high sensitivity and reproducibility. 
Digital morphometry allows observers to create a database 
of various parameters to characterize cells as normal, pre-
neoplastic, or neoplastic (28,29). Digital morphometry also 
has reproducibility, save digital records, and reuse them 
when necessary. Morphometry also characterizes cells of 
size, area, and shape (10, 23, 30). This method can provide 
two-dimensional measurements of parameters such as cel-
lular area (CA) and nuclear area (NA), perimeter, and diam-
eter, and can additionally be used to evaluate the staining 
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Figure 1. General appearance of cervical epithelial cells in HPV infection (Papanicoaou X 40). A) Exfoliated cervicovaginal 
epithelial cells with koilocytosis (KC) and nuclear enlargement (NE). B) Binucleated epithelial cell (BN) and nuclear budding (NB). 
C) Micronucleated (MN) cells and nuclear budding (NB). D) Vacuolization in cervical epithelial cell (VC). E) Karyolytic (KL) and 
karyopynotic (KP) cells and cellular division (CD). F) Karyorhectic epithelial cell (KR)
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intensity of the cell and nucleus. Furthermore, it can detect 
subtle changes in cell shape, size, and/or texture, which 
can’t be seen with light microscopy or even electron micros-
copy (28-31).

HPV causes various changes in the cell nucleus and cytop-
lasm, and these changes can be observed microscopically 

in cytological smears (Figure 1). These changes are detai-
led under the title “Effects of HPV on morphology”. Cellular 
changes in HPV are also reflected in the morphometry of 
the cells (Figure 2). Evaluation of NA, CA and NA/CA pro-
vides non-classical HPV cytological data. These non-clas-
sical criteria can be evaluated by morphometric methods. 
Morphometry can provide information not detected by tradi-
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instability in this infection. Since the texture of the nucleus 
shows the degree of chromatin condensation and integra-
tion of HPV, a detailed examination of the texture in the 
presence of different HPV types is thought to be a valuable 
and effective tool in cervical cell evaluation and is potential-
ly useful for the development of specific drug targeting and 
biomarkers specific to HPV-induced cancer. Morphometry 
is thought to provide information that cannot be detected by 
traditional cytological methods. It is also thought to explain 
the incompatibilities between molecular methods and morp-
hological approaches. I believe that morphometric evaluati-
ons need to be performed on different HPV types.
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