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Abstract 
Carcinoma of the uterine cervix is the most frequent malignancy in women, with an incidence of approximately 456.000 cases per year, 
leading to 200.000 deaths per year. Twenty-six archived formalin-fixed paraffin-embedded samples of squamous cell carcinoma, selected 
from 30 Papanicolaou-positive smears, have been analyzed using standard HE stain and the IHC indirect tristadial ABC peroxidase 
method for four antibodies: p53, p63, Ki-67, HPV. Statistical analysis has been done using the Student t-test, one-group two tails, “paired 
two samples for mean” variant. Two thirds of the cases were medium and poor differentiated carcinomas. The expression pattern of the 
proliferation and prognostic factors was biologically correlated with the histopathological type and HPV-infection. Two statistically 
significant correlations were found between p63 and Ki-67 and between p63 and p53 (p<0.001). The significant increase of the expression 
of the analyzed immunomarkers was observed in most of the cases with late stage of cervical neoplasm. P63, followed by Ki-67, showed 
better correlation with cancer progression than p53. This observation could be used in clinical practice with the purpose of identifying those 
patients requiring more aggressive treatment. 
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 Introduction 

Carcinoma of the uterine cervix is the most frequent 
malignancy in women worldwide, with an incidence of 
approximately 456.000 cases per year (15% of newly 
discovered cancers in women), leading to 200.000 
deaths per year [1]. In this context, more than 99% of 
cervical cancers are positive for high-risk human 
papilloma viruses (HPVs). E6 and E7 genes encode 
oncoproteins responsible for virus replication, and also 
for immortalization and transformation of human 
keratinocytes [2, 3]. The interaction of human papilloma 
viruses’ oncoproteins E6 and E7 with cell cycle proteins 
leads to disturbances of the cell cycle mechanism and 
subsequent alteration in the expression of some proteins, 
such as p53, p63 and Ki-67. The affinity of these viral 
proteins for the tumor suppressing gene products differs 
in relation with the oncogenic potential of HPV: the 
affinity increases for high-risk viruses and decreases for 
low risk viruses [1]. We have tried to compare the 
alterations in the expression of these aforementioned 
proteins in squamous cell carcinoma of the cervix with 
different patterns. 

 Material and Methods 

Tissue samples 

We have retrieved from our database, in an  
interval between 2006–2008, 26-archived formalin-fixed 

paraffin-embedded samples of squamous cell carcinoma 
selected from thirty Papanicolaou-positive smears.  
The mean age of the women from the studied batch  
was 35 years (SE ± 2.5). Sections were cut at 5-µm  
and stained using the standard H&E stain. 

Immunohistochemistry (IHC) 
The indirect tristadial ABC peroxidase immuno-

histochemical method was used for a panel of four 
antibodies (p53, p63, Ki-67, HPV); details are shown in 
Table 1.  

Table 1 – Antibodies used in the study batch 
Antigen Clone Specificity Producer Dilution

P63 4A4 Nuclear protein  
of p63 gene Biogenex 1:20 

P53 DO7 Nuclear protein  
of p53 gene Neomarkers 1:50 

Ki-67 MIB1 Proliferation index DAKO 1:50 

HPV-16 Cam Vir-1 Human papilloma 
virus capsid Biogenex 1:50 

The immunohistochemistry (IHC) was performed  
on 3-µm thick sections from 10% formalin-fixed 
paraffin-embedded tissues, according to the indirect 
tristadial avidin–biotin–peroxidase complex method  
of Hsu SM et al. [4], modified by Bussolati G and 
Gugliotta P [5]. 

Briefly, the procedure was: deparaffinization in 
xylene and alcohol series, rehydration, washing in 
phosphate saline buffer (PBS), incubation with normal 
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serum, for 20 min., incubation with primary antibody 
overnight, standard labeled streptavidine-antibody biotin 
(LSAB) kit (DAKO), washing in carbonate buffer  
and developpment in 3,3’-DAB hydrochloride/H2O2; 
microwave antigen retrieval in M-citrate buffer pH 6.0 
was performed for certain antibodies.  

All specimens were counterstained with Meyer’s 
Hematoxylin, examined and photographed on a Nikon 
Eclipse E600 microscope. To ensure the reliability of 
the experimental study, internal quality control of 
immunohistochemical techniques was performed as a 
part of an implemented and certified quality assurance 
system (ISO 15189:2007). 

Statistics 

For correlation between IHC parameters used in  
the study batch, statistical analysis has been done using 
the Student t-test, “paired two samples for mean” 
variant, one-group two tails, from the Analysis Tool  
Pak of Microsoft-Excel 2003, running under Windows 

XP Professional. A value of p<0.05 was considered 
significant. 

 Results 

The classic histopathology investigation has shown 
six cases (23.07%) of carcinoma in situ, three cases 
(11.53%) of well differentiated (G1) squamous cell 
carcinoma, with keratotic pearls (Figure 1), eight cases 
(30.76%) of medium differentiated (G2) carcinoma and 
nine cases (34.61%) of poor differentiated (G3) 
carcinoma, mostly with non-keratinized large cells 
(Figure 2).  

Some cases with invasive carcinoma had adjacent 
areas with carcinoma in situ, developed on glandular 
metaplasia.  

Immunohistochemically, HPV16 stain was focally 
positive in 22% of cases, in the cytoplasm and nuclei of 
tumor cells. HPV16 was also positive in the areas with 
dysplasia and carcinoma in situ (Figures 3 and 4). 

 

Figure 1 – Keratotic pearls in a keratinizing squamous 
cell carcinoma of the cervix (HE stain, ob. ×10). 

Figure 2 – Large cell non-keratinizing squamous 
carcinoma of the cervix (HE stain, ob. ×10). 

 

Figure 3 – HPV16 focally positive in dysplastic areas 
(IHC, ob. ×10). 

Figure 4 – HPV16-positive in the nuclei of tumor cells 
from a carcinoma in situ of the cervix (IHC, ×10). 

 
Ki-67 was positive in 20 of 26 cases (76.92%), 

ranging from 10% to 50% (m=0.24, SE=0.04) in the 
tumor cells nuclei (Figure 5). 

P53 was expressed in 14 of 26 cases (53.86%), 
ranging from 5% to 30% (m=0.05, SE=0.01) – Figure 6, 
and in the basal cells nuclei of normal epithelium 

(positive intern control). P63 was expressed in 25 of  
26 cases (96.15%), ranging from 25 to 80% (m=0.5, 
SE=0.03), with variable intensity, in different histo-
pathological types (Figures 7 and 8). 

The expression pattern of the proliferation and 
prognostic factors (Ki-67, p53 and p63) was 
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biologically correlated with the histopathological type 
and HPV-infection. 

Reasonable statistically significant correlations were 

found between p63 and Ki-67 (r=0.33, p<0.001) – 
Figure 9, and between p63 and p53 (r=-0.5, p<0.001) – 
Figure 10. 

 

Figure 5 – Ki-67 staining 25–30% of the tumor cells 
nuclei in a non-keratinizing squamous cell carcinoma 
(ob. ×20). 

Figure 6 – p53-positive in the basal cells nuclei of 
normal epithelium and in a tumor nest (25–30%) of a 
non-keratinizing squamous cell carcinoma of the 
cervix (ob. ×10). 

 

Figure 7 – p63-positive in the tumor cells nuclei  
(75–80%) in a non-keratinizing squamous cell carcino-
ma (ob. ×4). 

Figure 8 – p63-positive in the tumor cells nuclei  
(75–80%) in an in situ squamous cell carcinoma deve-
loped on a glandular metaplasia (ob. ×4). 
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Figure 9 – Correlation between p63 and Ki-67 in squa-
mous cell carcinoma of the cervix. 

Figure 10 – Correlation between p63 and p53 in squa-
mous cell carcinoma of the cervix. 

 
 Discussion 

Ki-67 is a proliferation marker, which correlates 
with the histological grade of cervical neoplasia. 
Recently, it was found that in patients with high-risk 
HPV the viral load (detected by hybrid capture II 

method) is positively correlated with the expression of 
Ki-67 and CIN grade [6]. 

There were also some correlations of high-risk  
HPV load to cervical intraepithelial neoplasia grades, 
expression of Ki-67 and P16ink4a: the high-risk HPV 
load had positive correlation to the progression of 
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cervical lesion and increased malignancy of cells [6]. 
Biological behavior of preneoplastic lesions could 

be predictable by multiple parameter logistic regression 
models with Ki-67 labeling index, chromosome index 
for chromosome 1 and aneusomy for chromosome 1 in 
cervical smears [7]. 

Higher MIB-1 levels were seen in tumors with a 
lower grade and higher stage at diagnosis, being 
associated with poorer outcome. Moreover, MIB-1 
levels seem to be higher in tumors due to infection with 
HPV16 and 18 compared with HPV-45 [8]. 

A tissue microarray study using a panel of cervical 
biomarkers, such as p16, involucrin, Ki-67, and HPV L1 
proteins may improve the final reporting of various 
HPV-induced (pre)neoplastic epithelial lesions [9]. 

The p53 family proteins, p63 and p73 are similar to 
p53 in some aspects such as structural homology, trans-
activation of p53-downstream genes, and induction of 
apoptosis, but they also differ from p53, because in 
particular, they are not inhibited by viral oncoproteins 
such as HPV-E6. Therefore, it was suggested that the 
p53 family proteins could be therapeutic agents for 
HPV-associated uterine cervical cancers and ESM6 
mediated expression of the p53 family proteins would 
be a safe and strong tumor targeting strategy [10]. 

In tumor cells, HPV-16 (E6) was predominantly 
located in nuclei of wild-type p53 cells, and it was able 
to induce phosphorylation of p53 at multiple sites [11]. 

Regarding p53, its expression did not correlate with 
tumor recurrence in a study done on 30 patients. 
According to this study, immunohistochemistry for p53 
protein appears to provide no prognostic information in 
the patients with early stage cervical cancer treated by 
surgery [12]. However, it still remains a prognostic 
factor for the aggressive behavior of the tumor, when it 
exceeds more than 30% positivity in tumor cells nuclei. 

Supporting this data, another study done on 53 
patients with follow-up in Serbia, has shown a low 
incidence of p53 mutations and prevalence of Arg/Arg 
genotype polymorphic variant of codon 72 of p53 gene 
in early stages of cervical carcinoma [13]. 

Using proteomic analysis, TACC3 (transforming 
acidic coiled coil) was thought to be the critical 
molecule in mediating the anticancer mechanisms in 
p53-inactivated cells of HPV-18-positive cervical 
carcinomas, by inducing G2/M arrest and apoptosis, 
preliminary data suggesting that the overexpression of 
TACC3 may be associated with the mechanisms of 
chemoresistance, tumor progression, cell proliferation 
and metastasis [14]. 

P63 is the precursor of p53 and stains the basal cells, 
being a useful marker of squamous neoplasms within 
the cervix.  

Based on RT–PCR and western blot analysis in 
cervical cancer cell lines, beta isoform of p63 (possibly 
DeltaN) may be considered as an important marker in 
uterine cervical squamous cell carcinogenesis [15]. 

Also, it was shown that DEK proto-oncogene over-
expression disrupts the normal differentiation program 
of cervical cells independent of p53 or cell death, these 
phenotypes being accompanied by elevated p63-
expression in the absence of p53 destabilization [16]. 

P63 is of value in distinguishing small cell 
neuroendocrine carcinoma (p63-negative) from small 
cell squamous carcinoma (p63-positive) and in 
confirming that a poorly differentiated carcinoma is 
squamous in type [17]. 

Also, it is useful for distinction between glandular 
and squamous lesions in cervico-vaginal specimens [18] 
and it seems to be a suitable marker, together with 
CK17, for identification of cervical stem cell, which is 
thought to be the HPV target cell [19]. 

Related to this marker, it was recently discovered, 
using high-density micro arrays for human cDNA 
sequences, that a new E6/P63 pathway, together with a 
strong E7/E2F mitotic pathway, modulates the 
transcriptome in cervical cancer cells [20]. 

 Conclusions 

A significant increase of the expression of the 
analyzed immunomarkers was observed in most of the 
cases with late stage of cervical neoplasm. P63, 
followed by Ki-67, showed better correlation with 
cancer progression than p53. This observation could be 
useful in clinical practice in order to identify those 
patients requiring more aggressive treatment. 

References 
[1] CRUM C. P., The female genital tract. In: KUMAR V.,  

FAUSTO N., ABBAS A. (eds), Robbins & Cotran Pathologic 
Basis of Disease, 7th edition, Elsevier–W. B. Saunders 
Press, 2005, 1098–1099. 

[2] PHELPS W. C., YEE C. L., MÜNGER K., HOWLEY P. M.,  
The human papillomavirus type 16 E7 gene encodes 
transactivation and transformation functions similar to those 
of adenovirus E1A, Cell, 1988, 53(4):539–547. 

[3] SPITKOVSKY D., AENGENEYNDT F., BRASPENNING J.,  
VON KNEBEL DOEBERITZ M., p-53-independent growth 
regulation of cervical cancer cells by the papillomavirus  
E6 oncogene, Oncogene, 1996, 13(5):1027–1035. 

[4] HSU S. M, RAINE L., FANGER H., Use of avidin–biotin–
peroxidase complex (ABC) in immunoperoxidase techniques: 
a comparison between ABC and unlabeled antibody (PAP) 
procedures, J Histochem Cytochem, 1981, 29(4):577–580. 

[5] BUSSOLATI G., GUGLIOTTA P., Nonspecific staining of  
mast cells by avidin–biotin–peroxidase complexes (ABC),  
J Histochem Cytochem, 1983, 31(12):1419–1421. 

[6] YI W., WANG J. L., LI X. H., WEI L. H., Correlations of high-
risk human papilloma viral load to cervical intraepithelial 
neoplasia grades, expression of Ki-67 and P6ink4a and 
follow-up, Ai Zheng, 2008, 27(5):520–524. 

[7] VAN HAMONT D., BULTEN J., SHIRANGO H., MELCHERS W. J., 
MASSUGER L. F., DE WILDE P. C., Biological behavior of  
CIN lesions is predictable by multiple parameter logistic 
regression models, Carcinogenesis, 2008, 29(4):840–845. 

[8] MULLER S., FLORES-STAINO C., SKYLDBERG B.,  
HELLSTRÖM A. C., JOHANSSON B, HAGMAR B., WALLIN K. L., 
ANDERSSON S., Expression of p16INK4a and MIB-1 in 
relation to histopathology and HPV types in cervical adeno-
carcinoma, Int J Oncol, 2008, 32(2):333–340. 

[9] ARAFA M., BONIVER J., DELVENNE P., Detection of HPV-
induced cervical (pre) neoplastic lesions: a tissue microarray 
(TMA) study, Appl Immunohistochem Mol Morphol, 2008, 
16(5):422–432. 

[10] LEE J. J., KIM S., YEOM Y. I., HEO D. S., Enhanced specificity 
of the p53 family proteins-based adenoviral gene therapy  
in uterine cervical cancer cells with E2F1-responsive 
promoters, Cancer Biol Ther, 2006, 5(11):1502–1510. 

[11] ZHANG G., SUN L., LI Z., SI L., SONG T., HUANG C., ZHANG W., 
HPV-16E6 can induce multiple site phosphorylation of p53, 
Oncol Rep, 2009, 21(2):371–377. 



P53, p63 and Ki-67 assessment in HPV-induced cervical neoplasia 

 

361
[12] KHUNAMORNPONG S., SIRIAUNKGUL S., MANUSIRIVITHAYA S., 

SETTAKORN J., SRISOMBOON J., PONJAROEN J.,  
THORNER P. S., Prognostic value of p53 expression in  
early stage cervical carcinoma treated by surgery,  
Asian Pac J Cancer Prev, 2008, 9(1):48–52. 

[13] MALISIC E., JANKOVIC R., MAJKIC M., DOBRICIC J.,  
RADULOVIC S., p53 gene alterations and human 
papillomavirus type 16 infection in early stages of cervical 
carcinoma in Serbia, J BUON, 2008, 13(4):525–532. 

[14] YIM E. K., TONG S. Y., HO E. M., BAE J. H., UM S. J.,  
PARK J. S., Anticancer effects on TACC3 by treatment of 
paclitaxel in HPV-18 positive cervical carcinoma cells, 
Oncol Rep, 2009, 21(2):549–557. 

[15] LIN Z., NAN Y., ZHANG X., ZHAO Y., KIM C., KIM I., Reverse 
transcription-polymerase chain reaction and western 
blotting analysis for detection of p63 isoforms in  
uterine cervical cancers, Int J Gynecol Cancer, 2006, 
16(4):1643–1647. 

[16] WISE-DRAPER T. M., MORREALE R. J., MORRIS T. A., MINTZ-
COLE R. A., HOSKINS E. E., BALSITIS S. J., HUSSEINZADEH N., 
WITTE D. P., WIKENHEISER-BROKAMP K. A., LAMBERT P. F., 
WELLS S. I., DEK proto-oncogene expression interferes with 
the normal epithelial differentiation program, Am J Pathol, 
2009, 174(1):71–81. 

[17] MCCLUGGAGE W. G., Immunohistochemistry as a diagnostic 
aid in cervical pathology, Pathology, 2007, 39(1):97–111. 

[18] GARCIA M. T., ACAR B. C., JORDA M., GOMEZ-FERNANDEZ C., 
GANJEI-AZAR P., Use of p63 for distinction of glandular 
versus squamous lesions in cervicovaginal specimens, 
Cancer, 2007, 111(1):54–57. 

[19] MARTENS J. E., ARENDS J., VAN DER LINDEN P. J.,  
DE BOER B. A., HELMERHORST T. J., Cytokeratin 17 and p63 
are markers of the HPV target cell, the cervical stem cell, 
Anticancer Res, 2004, 24(2B):771–775. 

[20] TEISSIER S., BEN KHALIFA Y., MORI M., PAUTIER P., 
DESAINTES C., THIERRY F., A new E6/P63 pathway,  
together with a strong E7/E2F mitotic pathway, modulates 
the transcriptome in cervical cancer cells, J Virol, 2007, 
81(17):9368–9376. 
 
 
 
 
 
 
 

 
 
 
 
 
 
Corresponding author 
Mihai Ceauşu, Pathologist, MD, PhD, “Victor Babeş” National Institute for Research and Development in 
Pathology and Biomedical Sciences, 99–101 Independenţei Avenue, Sector 5, 050096 Bucharest, Romania; 
Phone/Fax +4021–319 27 34, e-mail: ceausu_mihai@yahoo.com 
 
 
 
 
 
 
Received: January 21st, 2009 

Accepted: July 15th, 2009 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


