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EKCIIPECUJATA HA Ki-67 BO MFHBABUBHUOT ®POHT KAKO JOIMOJHUTEIEH 3HAYAEH
HE3ABUCEH IIPOTHOCTUYKU ®AKTOP 3A IIOJABATA HA PELIUAVUBU BO PAHUTE
CTAAUYMU HA KAPIIMHOMOT HA TPJIOTO HA MATKATA
Bbamecka Henn, [Tpopanosa U, Ky6enka-Ca6ut K, 3orpadckn r
JIaGopaTopuja 3a XMCTONATOJIOTH]ja ¥ KJINHAYKA HUTOJIOrHja, Y HUBEP3UTETCKA KJIMHAKA 32 pajuoTepanyja u
oHKoJoruja, Meguuuncku ¢akynret, Ckomnje, P. Makenonuja

HN3Banox

LlenTa Ha oBaa cTyiMja € Ia ce yTBPAY NOBP3aHOCTa HA MPOMEHUTE BO KJIETOYHATA Npoiudepanyja,
pacTtor, nudepeHnujanyjaTa 1 NIpOTENHAUTE KOU ja peryimpaar amonTo3aTa BO paHUTE CTAAUYMH Ha
[EPBUKAIHUTE KAapIUHOMH CO XyMaH mamuioma BupycHata (XIIB) mH(pekiuja, XUCTOMATONOMKUTE U
KIMHUYKUTE MTapaMeTPH U J1a Ce MPOIIEHU HUBHOTO MPOTHOCTHYKO 3HAUCH:E.

Exkcnpecnjara va Ki-67, p53, mdm-2, bel-2, c-erbB-2/neu, EGFR npoTenHuTe, KaKo 1 eCTPOTreHCKUTE 1
IIPOTECTEPOHCKUTE PELENTOPH € €BalydpaHa UMYHOXHCTOXEMUCKHM BO OIE€pPaTHBHHUTE MaTepHjaiu of 83
TAIMEHTH CO IIEpBUKaJICH KapumHOM. Pe3yaTaTure ce olleHyBaHA CEMUKBAHTUTATHBHO BO IOBPIITHIOT, CPETHAOT
CIIOj M ’HBA3UBHUOT (DPOHT HA CEKOja HeoI1a3Ma KaKo MPOICHT Ha UMYHOOOOCH! KIICTKHY 1/AJIN KaKO MHTEH3UTET
Ha UMYHOOOOjyBame 3a cekoj nporeuH. Ilpucycrsoro Ha XIIB e ofpenyBaHO cO KOHBEHIMOHAJHA in situ
xubpuausanmja (MCX) m MCX co kKarajam3upaHa CHTHAJTHA aMIUTU(UKaIja co yrnoTpeba Ha MeMIaHu
OWOTHHM3MpPaAHU MPoOH 3a WeHTH(HKanuja Ha Tunosute 6/11, 16/18 m 31/33 wm 31/33/51.

Bo yHuBapujaHTHaTa aHaJIM3a KakKoO 3HAa4yajHU IPOTHOCTHYKYU MHAUKATOPH 32 I10jaBaTa HAa PELUIUB
Mery 18 ucninryBanu Bapujabuin, ce uaeHTH(yBaHu: 3apakameTo Ha eaBuIHnTe JuMpun jaznu (P=0.0008),
TyMopckuoT fujamerap (P=0.035), nimaGounHaTa Ha crpoMassa nHBasuja (P=0.029), xucromomkuor tui (P=0.0009),
CTENEHOT Ha xucToJommka gudepernmjanuja (P=0.056), mpucycrsoro (P=0.056) u Tunor va XI1B [THK (P=0.043),
Kako u ekcnpecnjaTta Ha bel-2 (P=0.035), mdm-2 (P=0.051), EGFR (P<0.0001) n Ki-67 (P=0.031) BO "HBa3WBHUOT
¢poHT Ha Heomnna3zmara. He3aBucHu 3Ha4ajHU IPOTHOCTUYKY (PAKTOPH 32 NPEeXUBYBamETO 6€3 60JecT BO
MyJITUBapHWjaHTHATA aHAJIM3a C€ XUCTONOIIKNOT Tuil, pucyctBoTo Ha XI1B [IHK m excripecujara na Ki-67.

Crnopep Toa, HHBa3UBHUOT (DPOHT MPETCTAByBa Haj3HAYAEH e Ha HEeOIlJIa3MUTE 3a IPOrHo3a Ha
Oosecra, a eBaiyauujaTa Ha Ki-67 Moxe f1a ce ynoTpeOu 3aeiHO CO OfpeyBalbeTo Ha npucycTBoto Ha XI1B u
MOP(}OJIOILIKUTE NapaMETPU BO CeJleKIijaTa Ha COOABETHU TEPANEBTCKU MPUCTAIY Kaj MALUESHTUTE BO paHU
CTaJyMU Ha LIEPBUKATHUOT KaPLUHOM.

Kayunu 36opoeu: yepeurxanen Kapyunom, Xyman Gauuioma 8upyc, OUONOWKU MaApKepu,
UMYHOXUCIOXeMUja, BpOoZHOo3a.
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Abstract

The aims of this study were to correlate alterations of cell proliferation, growth, differentiation and apoptosis
regulatory proteins in early stage cervical carcinomas with human papillomavirus (HPV) infection, histopathological
and clinical parameters, and to estimate their prognostic significance.

Expression of Ki-67, p53, mdm-2, bcl-2, c-erbB-2, EGFR protein, as well as estrogen and progesterone receptors
was evaluated by immunohistochemistry in operative specimens of 83 patients with cervical carcinoma. The results
were assessed semiquantitatively in the surface area, centre and invasive front of each tumor as a percentage of
immunostained cells and/or intensity of immunostaining for each protein. The presence of HPV was assessed by
conventional in situ hybridization (ISH) technique and catalyzed reporter deposition signal amplification ISH using
mixed biotinylated probes to identify types 6/11, 16/18 and 31/33 or 31/33/51.

Among the 18 variables, pelvic lymph node involvement (P=0.0008), tumor diameter (P=0.035), depth of
stromal invasion (P=0.029), histotype (P=0.0009), grade (P=0.056), HPV DNA presence (P=0.056), HPV type (P=0.043),
as well as bel-2 (P=0.035), mdm-2 (P=0.051), EGFR (P<0.0001), and Ki-67 (P=0.031) expression in the tumor’s invasive
front were identified as important predictive indicators of recurrence in the univariate analysis. Independent significant
prognostic factors for disease-free survival in multivariate analysis were the histotype, HPV DNA presence and Ki-67
expression.
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The invasive front of carcinomas proved to be the most important area for tumor prognosis. In addition to the
detection of HPV presence and morphological parameters, Ki-67 evaluation could also be used in selecting appropriate
therapeutical approaches in patients with early stage cervical cancer.

Key words: cervical cancer, human papillomavirus, biological markers, immunohistochemistry, prognosis.

Introduction

The clinical behavior of the carcinoma of the
uterine cervix varies and covers a wide spectrum from
cases that are relatively indolent to those having a rapidly
progressive course. Accurate staging is of utmost
importance in determining the prognosis of cervical
carcinoma, and primary surgical treatment in patients with
early stage carcinoma allows for an accurate determination
of the real extent of the disease. Traditionally, clinical and
histopathological parameters such as regional lymph node
metastases, tumor size, depth of stromal invasion, vessel
invasion, and parametrial involvement are used to
prognosticate and modify management options both in
patients with early stage and locally advanced cervical
carcinoma [1-8]. However, many factors are still
controversial in their prognostic significance including
patient’s age, surgical margin involvement, inflammatory
stromal reaction, histological type and grade of
differentiation. This indicates the need for a more precise
quantitative method for determining the prognosis in
patients with cervical carcinoma in order to be able to
individualize treatment as much as possible.

Recently many subcellular or molecular
indicators, such as DNA ploidy status and cellular
proliferating index, hormonal status and oncogene
amplification or expression, have been investigated as
alternatives to histological characteristics in several
different tumor types, including cervical carcinoma.
Namely, significant progress has resulted from detection
and recognition of the human papillomavirus (HPV) role
in cervical cancer pathogenesis and recognition of
different pathways in cervical carcinogenesis. In recent
years it has become clear that carcinogenesis cannot only
be explained by the increased stimulation of cell growth,
but can also be caused by loss of growth suppression,
changes in programmed cell death and alterations in
immune surveillance. Therefore, an analysis of markers of
cell proliferation and death may provide important intrinsic
information regarding the biologic behavior of these
tumors. Nevertheless, so far the attempts to determine
the prognostic significance of biological markers and their
relation to HPV infection in cervical cancer have yielded
controversial results.

The purpose of this retrospective study was to
correlate alterations of cell proliferation, growth,
differentiation and apoptosis regulatory proteins in early
stage cervical carcinomas with HPV infection and
clinicopathological parameters, and to estimate their
prognostic significance. Based on the recent reports [9]
that the invasive edge of carcinomas often displays
different molecular and morphological characteristics than
more superficial parts of the same tumor, we also assessed
the aberrant expression and coexpression of these
biological markers in the superficial, central parts and
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invasive front of the tumor in order to determine whether
there is a difference in prognostic information.

Materials and methods

Clinical and Histopathological Features

This retrospective study included 83 patients
with early stage cervical carcinoma who underwent
surgery and postoperative irradiation therapy between
November 1988 and June 1997. All patients were treated
with radical hysterectomy and bilateral pelvic
lymphadenectomy at the University Clinic for Obstetrics
and Gynecology or the Special Hospital for Gynecology
and Obstetrics in Skopje, and they all received
postoperative radiotherapy at the University Clinic for
Radiotherapy and Oncology.

The patients were previously included in a larger
study (n=484) exploring the prognostic influence of 23
clinicopathological factors and the HPV status on overall
and disease-free survival in primarily surgically treated
patients with cervical carcinoma [10]. For the purpose of
this study only the patients with cervical carcinoma
confined to uterine cervix and with defined HPV status
were included. Therefore, the selection was made from a
group of 111 patients with cervical carcinoma confined to
uterine cervix in which the HPV status had been previously
determined by conventional colorimetric in situ
hybridization (ISH). A total of 87 patients was selected: 77
patients whose HPV status was reevaluated using a novel,
more sensitive catalyzed amplification reporter deposition
(CARD) ISH method and 10 patients with HPV positive
carcinomas. Four of the patients were excluded: one due
to different treatment modality implemented (preoperative
irradiation), two due to follow-up period less than 18
months and one due to verrucous subtype of squamous
carcinoma. The case series was finally made of 83 patients.

The operative specimens were routinely
processed and all patients were staged according to
postoperative pTNM classification guidelines [11]. Fifty-
eight patients were in IB1, 5 in IB2 and 20 in IIIB
postoperative stage. In our case series, 73 (88%) patients
had a tumor limited to the uterine cervix less than 4 cm in
diameter (pT1bl), while 10 (12%) patients had larger
neoplasms belonging to pT1b2 category. Pelvic lymph
node involvement was found in 20 (24%) patients.

In addition to tumor status and pelvic lymph node
status, further prognostic parameters included in the
study were the morphometric and morphohistological
characteristics including maximum diameter, depth of
stromal invasion and thickness of uninvolved cervical
stroma, histological type, grade of differentiation, lymph-
vascular space invasion and inflammatory infiltrate in the
invasive front of the tumor.
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Clinical information, including patient age, FIGO
stage, date of operation, postoperative treatment and
follow-up data were retrieved by reviewing each patient’s
complete medical records at the University Clinic for
Radiotherapy and Oncology. Additional information about
the length of disease-free and overall survival and clinical
status of some patients were obtained from the Cancer
Registry of the Republic of Macedonia and contact with
the patients or their families.

During the follow-up period (range, 65-181, mean,
121 months) recurrences were observed in 9 patients.
Median follow-up for patients without relapse was 128
(range 18-181) months and for patients still alive (n=72) at
the closing date of the study (January 2004) was 130
(range 65-181). The median observation time for the women
(6) who died of cervical cancer was 37 (range 4-93) months.
Five other patients died of intercurrent disease.

Immunohistochemistry

For immunohistochemistry, paraffin blocks
containing a representative part of the superficial, middle
layer as well as the invasive front of the tumor were
selected, and 5p thick sections were deparaffinized,
rehydrated, and stained using the avidin-biotin peroxidase
complex technique (Vectastain universal elite ABC kit,
Vector Laboratories, Inc. Burlingame, CA, USA).
EnVision™+ System kit (Dako, Glostrup, Denmark) was
used for the detection of epidermal growth factor receptor
(EGFR). The reaction product was detected with 3,3’-
diaminobenzidine chromogen. Details about the primary
antibodies used, their sources and working dilutions are
listed in Table 1. Antigen retrieval was usually performed
by boiling in 10 mM citrate buffer, pH 6.0, for 30 minutes in
a microwave oven, while pretreatment with 0.0125%
proteinase K was used for EGFR. Positive controls
consisted of simultaneously immunostained sections of
a carcinoma that was previously shown to be
immunoreactive for antibodies used by this technique.
Negative controls were performed by omitting the primary
antibody.

The results were assessed semiquantitatively in
the superficial and middle layers and the invasive front of
each tumor as the percentage of the immunostained cells
and/or intensity of immunostaining for each protein. All
immunostained slides were independently reviewed by
two observers in a blinded fashion without knowledge of

Table 1. Antibodies used in the study

the clinical data or outcome for an individual patient. In
case of discrepancy, the slides were reviewed together
and consensus was reached in all cases. For Ki-67, p53,
mdm-2, estrogen (ER) and progesterone receptor (PR)
analysis nuclear staining, irrespective of intensity of
staining, was defined as positive. Brown staining of the
cytoplasm and/or nucleus indicated positivity for mdm-2,
while perinuclear and cytoplasmic staining indicated
positivity for bcl-2 antibody. Brown staining of the plasma
membrane indicated positivity for EGFR and c-erbB-2/neu
antibodies. The number of cells with nuclear or
cytoplasmic staining was determined by counting the
number of positive cells and the total number of cells (8-
10 high-power fields, x400). An average of 500-1,000 cells
in the selected area of the superficial and middle layers
and the invasive front of each carcinoma was counted.

The staining results for Ki-67, p53, bcl-2 and
mdm-2 were scored semiquantitatively as the percentage
of the immunostained cells. The percent of positivity was
determined and the cases were separated in three
categories: with less than 10%, 11-20% and more than
20% positive cells for Ki-67, and with less than 5%, 6-10%
and more than 10% positive cells for p53, bel-2 and mdm-
2 proteins. Because a threshold of more than 20% of Ki-67
positive cells gave the best separation between subgroups
of low and high risk of relapse it was used as a cut-off
value between Ki-67 negative and Ki-67 positive
carcinomas in the statistical analysis (Figures 1&2).
Similarly, a cut-off value of more than 10% was considered
to score a case positive for p53 and bcl-2 expression, while
mdm-2 expression was considered significant if
immunoreactivity was evident in more than 5% of tumor
cells.

The positivity for ER and PR was determined
according to score system proposed by McCarty et al.
[12]. The McCarty’s score was calculated by multiplication
of the intensity of immunostaining (0, no staining; 1, weak;
2, moderate; 3, strong nuclear staining) and the percentage
of the immunostained cells (0, no positive cells; 1, less
than 10%; 2, 10-50%; 3, 51-80% and 4, more than 80%)
for each carcinoma. Therefore, the McCarty’s score ranges
from O to 12, with a cut-off value of more than 5 for steroid
receptor positive cervical carcinomas. The intensity of
the predominant EGFR and c-erbB-2 oncoprotein
immunoreactivity was evaluated semiquantitatively as
negative (-), faintly (+), moderately (++), intensively (+++)
and very intensively positive (++++). Only the percentage

Antibody Source Clone Pretreatment Dilution
Ki-67 Dako MIB-1 microwave 1:50

p53 Dako DO-7 microwave 1:50
bel-2 Dako 124 microwave 1:80
mdm-2 Dako SMP14 microwave 1:50
EGFR Dako Hil proteinase K 1:150
c-erbB-2/neu Dako polyclonal microwave 1:250
R Dako 1D5 microwave 1:50

PR Dako PR636 microwave 1:50

Legend: EGFR, epidermal growth factor receptor; ER, estrogen receptor; PR, progesterone receptor
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Fig. 1. Squamous cell carcinoma of the uterine cervix (la,
H&E, x100), HPV type 31/33 positive (1b, CARD in situ

hybridization, x200), Ki-67 negative (lc, invasive front:
2%, x200)
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Fig. 2. Mixed carcinoma of the uterine cervix (2a, H&E,
x100), HPV DNA negative (2b, CARD in situ hybridization,

type 31/33, x200), and Ki-67 positive (2c, invasive front:
32%,x200)
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of tumor cells with a very intensive positive signal was
considered for determining the positivity and carcinomas
were grouped in three groups with 0-50%, 51-75% and
more than 75% positive cells. The EGFR and c-erbB-2
oncoprotein expression was considered significant if very
intensive membrane staining was evident in more than
75% of carcinoma cells.

HPV DNA Detection and Typing

Both conventional and CARD ISH methods were
used for the detection and typing of the HPV DNA in the
specimens. For the conventional ISH, a detection kit and
mixed biotinylated HPV DNA probes for the HPV types 6/
11, 16/18 and 31/33/51 were used from Enzo Diagnostics
(PathoGene® Human Papillomavirus in situ Typing Assay
for Tissue Sections, Enzo Diagnostics, Farmingdale, NY,
USA). For the CARD ISH, biotinylated mixed probes for
HPV types 6/11, 16/18 and 31/33, as well as the detection
kit (GenPoint™ catalyzed signal amplification system for
in situ hybridization) were obtained from Dako (Glostrup,
Denmark). In addition, in four cases Enzo Diagnostics
mixed probes for HPV type 16/18 and 31/33/51 were also
used. The technique of tissue preparation and staining
procedure for both conventional and CARD ISH, as well
as the interpretation of ISH staining has been described
previously in detail [13].

Statistical Analysis

The different protein expression patterns were
correlated to each other, to the HPV status and to the
clinicopathological variables. Correlations were evaluated
with the chi-square, Fisher’s exact or Student’s t-test.
Interobserver agreement in the evaluation of the
immunohistochemical results was calculated using the
kappa statistics. Disease-free and overall survival curves
were calculated from the date of operation to relapse or
death, respectively or to the date of last follow-up. The 5
patients who died of intercurrent disease were considered
as censored observations. Surviving patients were
considered at the time of their last clinical control. For the
univariate analysis, the percentage of disease-free survival
for each group was calculated using the Kaplan-Meier

method and comparisons between groups were performed
applying log-rank test. Cox’s proportional hazard
regression model with stepwise selection of variables was
used to identify prognostic factors influencing disease-
free survival. All prognostic variables that showed
statistical significance by univariate analysis (at the 5%
or at least 6% level) were thereafter included in the
multivariate analysis to define variables of independent
significance. Statistical analysis was performed using the
BMDP software program. A P value of 0.05 or less was
considered statistically significant and 95% confidence
intervals (CI) were presented as well.

Results

Frequency and Type of HPV

HPV DNA was identified in 62.7% of the 83
carcinomas studied. Types 16/18 were detected in 39 cases;
types 31/33/51 or 31/33 were detected in 9 cases and mixed
HPV infection was present in 4 cases. In 31 cervical
carcinomas, no HPV could be detected by conventional
and CARD ISH with the three mixed biotinylated HPV
DNA probes used (Table 2, Figures 1&2).

Protein Expression

The distribution of cells positive for cell
proliferation, growth, differentiation and apoptosis
regulatory proteins varied considerably among the tumors.
Ki-67 positive were 60 (72.3%) cases in the superficial
layer, 54 (65.1%) cases in the middle layer and 55 (66.3%)
cases in the invasive front (Figures 1&2). Positive nuclear
P53 staining in more than 10% of the cells was present in
40 (48.2%) cases in the superficial layer, 45 (54.2%) cases
in the middle layer and 45 (54.2%) case in the tumor’s
invasive front. Bcl-2 positive were 47 (56.6%) cases in the
superficial layer, 39 (47%) cases in the middle layer and 42
(50.6%) cases in the invasive front, while mdm-2 positive
were 69 (83.1%) cases in the superficial layer, 71 (85.5%)
cases in the middle layer and 68 (81.9%) cases in the
tumor’s invasive front. Strong expression of ER and PR
(McCarty score over 5) was detected in 3 (36%), 3 (36%)
and 4 (4.8%) cases and in 6 (7.2%), 5 (6%) and 5 (6%)
cases in the superficial, middle layers or invasive front of
the tumor, respectively. Strong positive EGFR staining in

Table 3. Correlation between any two proteins expression in the invasive front of carcinomas (chi-square and

Fisher’s exact test)

Protein Ki-67 bel-2 p53 mdm-2 R PR EGFR c-erbB-2
Ki-67 - NS NS 0.00034 NS NS NS NS

bcl-2 - NS NS NS NS NS NS

p53 - NS NS NS NS NS
mdm-2 - NS NS NS 0.016
IR - NS NS NS

PR - NS NS
EGFR - NS
c-erbB-2 -

Legend: EGFR, epidermal growth factor receptor; ER, estrogen receptor; NS, not significant; PR, progesterone receptor.
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Table 4. Five, ten and fifteen year disease-free survival estimates by clinicopathological characteristics, HPV status

and expression of biological markers in the invasive front in 83 cervical cancer patients

Variables No. Relapses Disease-Free Survival Rate (%) Log P
No. (%) 5y CI 95% 10y CI 95% 15y CI 95% rank value
Age (y)
<39 43 3 93.4 1.4-2.5 93.4 0.1-1.6 93.4 0.9-5.3 1.3010 0.254
>39 40 6 (15) 92.9 3.6-8.6 89.5 1.9-3.5 77.3 2.3-5
Nodal status (pN)
pNO 63 3(4.8) 97.7 0.7-1.3 97.7 1.5-5 90.6 3-33 11.205  0.0008
pNI 20 6 (30) 74.3 4.2-10.2 68.7 2.4-4.9 /
Tumor diameter
<4 cm 73 6 (8.2) 94.9 2.4-11.3 93.7 1.6-5.1 88.9 3.3-4.8 4.4624 0.0346
>4 cm 10 3 (30) 79.8 2.2-9.2 79.8 4.3-8.6 68.7 1.3-4.3
Depth of invasion
<20 mm 73 6 (8.2) 94.7 3.6-4.6 94.7 0.5-6.3 88.3 1.4-11.9  4.7679 0.0289
>20 mm 10 3 (30) 79.4 1-4.2 69.3 0.9-3.4 /
Thickness of US
0-5 mm 37 6 (16.2) 89.3 4-8 85.6 2.1-24 71.3 2.2-3.3 1.9935 0.3691
6-10 mm 32 2 (6.25) 92.3 1.7-11.3 92.3 2.1-3.5 92.3 /
>10 mm 14 1(7.1) 97.2 2.3-4.5 97.2 2.4-8.7 97.2 /
Histological type
squamous 72 5(6.9) 94.6 3.5-10.1 94.6 2.4-10 92.3 4.3-124 16.268 0.0003
adenocarcinoma 6 1 (16.7) 83.7 1.5-3.9 / /
mixed 5 3 (60) 79.7 2.6-3.3 59.4 1.9-2.2 /
Grade (G)
well (G1) 3 0 100 100 / 2.9800 0.2253
moderate (G2) 31 6 (19.4) 86.7 1.1-3.1 86.7 0.01-8.1 / 0.056*
poor (G3) 49 3(6.1) 96.9 3-10.1 94.6 3.3-74 76.1 0.7-11.5 3.6471
LV invasion
absent 22 3 (13.6) 96.3 1.46-3.6 94.7 1.5-3.9 83.7 2.1-6.5 0.1298 0.7186
present 61 6 (9.8) 86.3 2.8-4.3 86.3 5.2-94 /
LC infiltration
scarce 9 1 (11.1) 87.6 2.3-5.7 87.6 1.7-4.9 / 0.3478 0.8403
moderate 50 6 (12) 91.2 3.03-7.6 91.2 1.3-3.5 79.8 4.1-9.9
abundant 24 2 (8.3) 94.3 4.6-9.8 90.7 2.8-9.2 /
HPYV presence
negative 31 5 (16.1) 86.7 1.9-2.8 82.3 3.9-5.2 82.3 2.71-3.3 3.6479  0.0561
positive 52 4 (7.7) 96.6 3.1-5.1 96.6 2.1-2.9 88.7 0.3-1.7
HPYV type
16/18 39 3(7.7) 98.7 1.1-9.5 98.7 4.5-14 / 6.2834  0.0432
31/33/51 - 31/33 9 0 100 100 /
mixed types™ 4 1 (25) 73.6 0.7-2.4 73.6 3.3-5.1 /
Ki-67 (%)
<20 28 0 100 100 100 4.6782 0.031
>20 55 9 (16.3) 87.1 0.3-4.3 86.5 6.4-7.9 78.6 3.4-9.9
p53 (%)
<10 38 2 (5.3) 97.5 2.2-3.2 97.2 2.5-9.5 83.1 4.03-1.5 2.5715 0.108
>10 45 7 (15.6) 87.6 4.4-7.7 84.7 4.7-5 /
bel-2 (%)
<10 41 7 (17.1) 86.7 5.8-6.5 84.7 6-7.4 79.6 4.6-6.5  3.9633 0.047
>10 42 2 (4.8) 97.8 14-1.3 97.8 1.4-5.8 91.1 2.6-11.6
mdm-2 (%)
<5 15 0 100 100 / 3.8039 0.0511
>5 68 9 (13.2) 91.2 3.8-5.5 89.5 1.6-5.1 84.2 5.5-6.7
ER (McCarty score)
<5 79 9 (11.4) 92.6 3.7-4.2 91.4 3.9-5.2 84.7 4.9-7.2 2.3457  0.1256
>5 4 0 100 100 /
PR (McCarty score)
<5 78 9 (11.5) 92.6 3.8-4.1 91.4 2.4-4.1 84.7 4.4-73  2.4923 0.1144
>5 5 0 100 100 /
EGFR (%)
<75 78 8 (10.3) 91.9 3.8-7.6 91.2 4.4-6.4 853 6.7-7.6 1.266 0.2605
>75 5 1 (20) 100 75.2 2.6-8.9 /
c-erbB-2 (%)
<75 63 6 (9.5) 93.6 6.1-9.2 91.8 6.9-104 / 1.8086  0.1787
>75 20 3 (15) 89.9 13.3-20.1 89.9 13.3-20.1 77.0 26-31.9

Legend: CI, confidence interval; EGFR, epidermal growth factor receptor; ER, estrogen receptor; Grade (G), grade of differentiation;
G1, well differentiated; G2, moderately differentiated; G3, poorly differentiated; HPV, human papillomavirus; mixed types”, HPV type
16/18 and 31/33/51 or 31/33 positive; LC, Lymphocytic infiltration; LV, Lymph-vascular invasion; No., number of patients; P,
probability; PR, progesterone receptor; US, uninvolved stroma; y, years; *referring to differences between moderately (G2) and poorly

(G3) differentiated carcinomas.
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more than 75% of the cells was present in 9 (10.8%) cases
in the superficial layer, 6 (7.2%) cases in the middle layer
and 5 (6%) cases in the invasive front, while positive c-
erbB-2 staining was seen in 31 (37.4%) cases in the
superficial layer, 22 (26.5%) cases in the middle layer and
20 (24.1%) cases in the tumor’s invasive front.

The analysis of the interobserver differences in
the evaluation of immunohistochemical expression of the
proteins revealed a high level of agreement (92.8-100%,
kappa>0.8) in determining the intensity and percentage
of immunostained cells for pS3, ER, PR, EGFR and c-erbB-
2 in all three tumor compartments. In addition, there was a
moderate or good agreement (72.3-84.3%, kappa=0.41-0.8)
in the assessment of all other proteins except for mdm-2
expression in the invasive front (75.9%, kappa=30.5).

Interestingly, although the frequencies and the
median or average values for each protein expression did
not differ significantly between the three tumor
compartments investigated (data not shown), we often
found a heterogeneous staining pattern, with a variable
fraction of positive tumor cells located in the superficial
and middle layers or the invasive front of a tumor. The
additional investigation of the associations between
protein expression and HPV status and other
clinicopathological characteristics as well as their
influence on disease-free survival proved that the invasive
front of carcinomas is the most important area for the
evaluation of the prognostic significance of the expression
of cell proliferation, growth, differentiation and apoptosis
regulatory proteins. Correlations between the different
staining patterns in all three tumor compartments showed
that immunohistochemical expression of the proteins was
seldom interrelated (chi-square or Fisher’s exact test, Table
3).

Associations of Protein Expression Results with the
HPYV Status and Clinicopathological Parameters

The various protein expression patterns were
correlated with the patients’ age, pelvic lymph node status,
morphometrical, morphohistological characteristics and
HPYV status. No significant correlation was observed
between protein staining results and HPV status (Table 2)
except for the trend of an association between c-erbB-2
oncoprotein and the HPV type present. Preferential
expression of c-erbB-2 was detected in HPV type 31/33/
51 or 31/33 versus type 16/18 positive carcinomas (44 %
vs. 15%, P=0.053). Nevertheless, HPV DNA negativity
correlated strongly with pelvic lymph node involvement
(P=0.0034) and scarce lymphocytic infiltration in the
invasive front of the tumor (P=0.0007). No association

was found between the HPV type detected and any other
clinicopathological variable investigated (data not shown).

Correlations between the expression of the
different proteins, HPV status and clinicopathological
parameters in the invasive front of the neoplasms are
summarized in Table 2.

Survival Analysis

Of 83 patients, 6 (7.2%) women died of cervical
cancer. The expected 5-, 10- and 15-year overall survival
rate was 94.4%, 92.7% and 92.7%, respectively. Nine of
the 83 (10.8%) patients had a recurrence. The actuarial
disease-free survival rates for 83 cervical cancer patients
at 5, 10, and 15 years were 92.7%, 90.8% and 86.6%,
respectively.

The results of the univariate analyses are
summarized in Table 4. Lymph node metastases, large tumor
diameter, deeper stromal invasion, non-squamous
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Fig. 3. Disease-free survival of the 83 cervical carcinoma
patients distributed by histological type

carcinoma histological type (Figure 3), HPV type, as well
as Ki-67 overexpression (Figure 5) and bcl-2 negativity in
the tumor’s invasive front were highly significant
predictors for a shorter duration of disease-free survival
in the univariate analysis (P<0.05). In addition, moderate
grade of histological differentiation, HPV DNA negativity
(Figure 4) and positive mdm-2 staining in the tumor’s
invasive front were marginally significant predictors for a
shorter duration of disease-free survival in the univariate
analysis (P<0.06), while all other parameters investigated
had no impact on the disease-free survival rate.

Finally, eight variables were selected to be
included in the multivariate analysis for disease-free
survival: tumor size and depth of stromal invasion as

Table 5. Significant independent prognostic factors for the disease-free survival selected by Cox regression analysis
and their relative risk (chi-square test = 14.399, P = 0.0024)

Variables Coefficient (a) Standard error P value RR CI 95%
Histological type 0.5446987 0.2186494 0.013 2.06 1.07-2.8
HPV presence 0.724837 0.2441279 0.003 1.72 1.4-3.2
Ki-67 expression 0.5127363 0.2536433 0.043 1.67 1.02-2.7

Legend: CI, confidence interval; HPV, human papillomavirus; P, probability; RR, risk ratio or relative risk.
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Fig. 4. Disease-free survival of the 83 patients distributed
by HPV DNA presence

continuous variables and lymph node status, histological
type, grade, HPV DNA presence, Ki-67, bcl-2 and mdm-2
expression in the invasive front as categorized variables.
Among these variables, however, the histological type,
HPV DNA presence and Ki-67 expression were identified
as independent significant prognostic factors for disease-
free survival in the multivariate analysis performed by
using the Cox’s regression model (Table 5).

Discussion

We have studied the prognostic significance of
the expression of various cell proliferation, growth,
differentiation and apoptosis regulatory proteins in early
stage cervical carcinoma in relation to HPV infection and
clinicopathological parameters. Bcl-2 negativity, as well
as mdm-2 positivity in the tumor’s invasive front was
correlated with shorter disease-free survival in the
univariate, but not in the multivariate
analysis.Nevertheless, Ki-67 overexpression in the
invasive front was identified as a significant unfavourable
prognostic factor influencing recurrence both in univariate
and multivariate analysis.P53, EGFR, c-erB-2 protein
expression and steroid hormone receptor status had no
prognostic significance.

The p53 suppressor gene is located on the short
arm of the chromosome at position 17p13.1 and encodes a
nuclear protein with a molecular weight of 53 kilo Daltons
(kD). The p53 tumor suppressor is a multifunctional protein
that plays a central role in the regulation of the normal cell
cycle, controlling the switch from late G1 to S phase [14].
This gene is also closely associated with DNA repair and
apoptosis. Inactivation of p53 by mutation is a common
event in the development of different types of cancer. In
addition to very infrequent pS3 mutations [15], inactivation
of p53 in cervical carcinomas can also be the result of
other mechanisms, including increased expression of mdm-
2 which binds p53 and blocks transactivation and binding
of wild-type p53 by various viral oncoproteins (HPV E6).
On the basis of these findings, it is to be expected that
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Fig. 5. Disease-free survival of the 83 cervical carcinoma
patients distributed by Ki-67 expression in the tumor’s
invasive front

tumors containing HPV DNA will contain low amounts of
p53 protein.

In our case series, 45 tumors (54%, 32 HPV
positive) were p53 positive. Studies of p53 expression by
immunohistochemical method yielded widely varying
results, reporting rates from 0 to 100% for cervical
carcinomas [14-23]. Some variability is undoubtedly the
result of the use of different antibodies, fixatives, and
immunohistochemical methods, whereas some reflect the
use of different threshold for p53 positivity. As with
previously reported similar studies, we did not find any
correlation between p53 expression and HPV positivity,
almost no correlation with the clinicopathological
characteristics investigated except for the depth of stromal
invasion or with disease-free survival [14-18]. In contrast,
Chen et al. [19] claimed that p53 overexpression has
prognostic value for patients with stage IB squamous cell
carcinoma. Similar findings were reported by three smaller
studies for patients with stage I-IV cervical carcinoma
[20-22]. Nevertheless, several other larger studies
including stage I-IV carcinoma [14-16,23] reported that
such results were highly dependent on the stage and
independent predictive value of p53 overexpression was
not confirmed in multivariate analysis. Thus, at present,
no clear relationship exists between p53 expression in
cervical carcinomas and patients survival.

The murine double minute 2 (mdm-2) gene,
located on chromosome 12q13-14, encodes a 90 kD zinc
finger protein, composed of 491 amino acids, which can
bind to wild type and mutant p53 [14]. The mdm-2 gene
forms an autoregulatory feedback loop with p53. Namely,
the mdm-2 oncogene product has been shown to bind to
wild type and mutant p53 and to inactivate its physiological
role as a transcription factor and cell cycle regulator.
Therefore, it might be expected that tumors with HPV
infection would not accumulate p53 protein, nor the p53
induced protein mdm-2. Despite the presence of HPV, we
have detected mdm-2 in 68 (82%, 40 HPV positive) of
cervical carcinomas. In our case series mdm-2 expression
correlated to Ki-67 and c-erbB-2 expression and

39



Basheska N. Ki-67 expression in the invasive front as an additional independent significant prognostic factor

significantly influenced disease-free survival, although
its independent value was not confirmed. This is in
contrast to the reported results from three previous studies
in which different mdm-2 antibodies were used [14,24,25].

The bcl-2 oncogene is located on chromosome
18 and encodes a 25 kD protein located at the mitochondrial
outer membrane, in the nuclear envelope, plasma
membrane, endoplasmic reticulum, and in chromosomes.
In our case series, 51% (42/83, 26 HPV positive) cervical
carcinomas were bcl-2 positive. The rate of bcl-2
expression in early stage cervical carcinomas in the
literature ranges from 20% to 63% [18,23,26-29]. In
concordance with some prior observations in our case
series bcl-2 overexpression was related to tumor grade
[29,30], as well as the thickness of uninvolved stroma and
longer disease-free survival. Nevertheless, the prognostic
value of bcl-2 in cervical carcinomas is controversial, with
reports describing bcl-2 as a prognostic factor for
improved survival, [18,21,27], decreased survival in
patients in more advanced stages treated by radiotherapy
[31,32], or having no prognostic relevance [23,28-30,33].
These could be partly explained by differences in cut-off
values used, but also by population heterogeneity and
various treatment modalities. The putative role of the bcl-
2 protein is to extend cell survival by protecting the cell
against programmed cell death without affecting cell
proliferation in response to a number of stimuli, including
radiotherapy and chemotherapy. When overexpressed,
bcl-2 produces dramatic extension of cell survival.
Therefore, it was proposed that the tumor with
overexpression of bcl-2 would resist radiotherapy
resulting in worse prognosis [32,34]. In contrast,
overexpression of bcl-2 is associated with less aggressive
malignant behavior in some carcinomas treated by surgery
[20]. These opposing actions of bcl-2 in patients treated
by radiation/chemotherapy versus surgery may render the
difficulty to explain the association of bcl-2 expression
and the patients‘ outcome in those who received
multimodalities of treatment. Thus, most of the studies
except two [18,30] that reported on the association of bcl-
2 and prognosis in surgically treated cervical cancer
patients included patients who also received adjuvant
radiotherapy and/or chemotherapy. Some of these studies
failed to detect the association between bcl-2 and
prognosis, while other studies reported the association
between bcl-2 and longer survival in univariate [21] or
both univariate and multivariate analysis [18,27]. This is
partially in concordance with our results because the
independent prognostic influence of bcl-2 expression was
not confirmed in the multivariate analysis. Nevertheless,
some of these studies did not include some important
prognostic factors such as tumor diameter, grade, depth
of stromal invasion and lymph-vascular space involvement
[18.27].

The gene for the human EGFR is located on
chromosome 7 and encodes a transmembrane cell surface
170 kD glycoprotein that binds epidermal growth factor,
transforming growth factor-alfa, amphiregulin, and
heparin-binding epidermal growth factor. Binding of the
ligand to the extracellular domain initiates biological
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responses ultimately resulting in DNA replication and cell
division. Due to the different techniques or different
antibodies and diverse cut-off levels used, EGFR
overexpression ranging widely as 6-100% has been
reported in cervical carcinomas [25,35-40]. In our case
series, only 6% (5/83) of the carcinomas stained positively
for EGFR. Studies investigating the role of EGFR
expression present conflicting results; some studies
reported that overexpression of the EGFR in cervical
carcinomas correlates with a poor prognosis [25,35-37],
while others, in accordance with our results, found no
relation of EGFR overexpression with prognosis [38-40].

The c-erbB-2/neu gene on chromosome 17q21
encodes a 185-190 kD transmembrane class I tyrosine
kinase receptor protein structurally related to the EGFR.
This gene can be activated by point mutation or
amplification. Although it has been suggested that higher
levels of c-erbB-2 expression are seen at later stages of
cervical carcinoma [41], a wide range (19-77%) of positive
rate of c-erbB-2 immunostaining has been reported
[25,36,39-43]. These series, however, utilized different
monoclonal antibodies and were composed of different
tumor types, with lower rates reported squamous cell
carcinomas, which is in concordance with our results.
Certain studies report a relatively higher rate of c-erbB-2
positivity indicating a significantly poorer survival [41-
43], whilst series similar to ours (24%), with lower incidence
of positivity, reported no survival significance
[25,36,39,40], which indicates clinical limitations of the test
depending on laboratory methodologies as well as
differences in case selection. Thus, at present, high
expression of c-erbB-2/neu has been associated with a
poor prognosis, especially in more advanced stages of
cervical cancer and in adenocarcinomas [41,42].

Since the uterine cervix is one of the target
tissues of sex steroid hormones, the growth and
differentiation of the cervical epithelia are assumed to be
subtly regulated by sex steroid hormone via specific
binding proteins known as estrogen receptors (ER) and
progesterone receptors (PR). The studies investigating
their association with HPV infection, as well as their role
in cervical progression and prognosis have yielded
controversial results. Nonogaki et al. [44] suggest that ER
expression in cervical carcinomas may be related to HPV
types present. Their observations were not supported in
our case series, because ER was demonstrable in a variety
of HPV types. Contrary to earlier biochemical studies [45],
the results of immunohistochemical studies showed,
similar to our findings (5%), a decrease or loss of ER in
neoplastic cells [12,44] and lower percentage of positive
invasive cervical carcinomas. In addition, in concordance
with our results, majority of the immunohistochemical
studies have found that steroid receptor status has no
impact on either disease-free or overall survival in cervical
carcinoma patients [12,46].

The proliferation marker Ki-67 antigen is a nuclear
non-histone protein of 395 and 345 kD, expressed in the
nuclei of proliferating cells during the cell cycle, except
during the resting GO phase. The Ki-67 coding gene is
localized on the long arm of chromosome 10. So far, most
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studies which applied Ki-67 or MIB-1 antibody for the
evaluation of cervical carcinoma have not found a
correlation between Ki-67 and the conventional
prognostic parameters, [14,47-49] or survival [48,50-52].
Nevertheless, cell proliferation is described as an
additional parameter useful in the prognostic evaluation
of locally advanced cervical carcinoma [53]. The
explanation for the latter observation is that cancers with
high proliferative activity tend to possess higher rate
sensitivity to radiotherapy, although these findings were
not confirmed in all subsequent studies [54]. In early
stages, where a large proportion of patients is not treated
by radiation therapy, two studies found an increased Ki-
67 expression to relate to a worse outcome [49,55]. Thus,
studies on its prognostic significance have reported
conflicting results showing better, worse, or no different
outcome with increasing Ki-67 staining. Using a small
group of patients for the study [48,49], including tumors
at different stages [20,47,48], including patients treated
by different therapeutical modalities and short follow-up
period [48, 49], probably affected the results of these series
or made the results difficult to interpret. In order to avoid
the above situations, we used a reasonably large group
of patients who had early stage carcinomas confined to
uterine cervix, which had been uniformly treated and
followed for a long period of time. Our study of the relation
between Ki-67 and other clinicopathological parameters
showed that Ki-67 was only related to the thickness of
uninvolved cervical stroma and its overexpression could
predict disease-free survival.

The established clinicopathological variables
such as lymph node metastases, tumor diameter, depth of
stromal invasion [1-6,10,14,28,33], histological type as well
as grade [14,28] were of prognostic significance in
univariate analysis. HPV type, as well as HPV DNA
presence, had a significant influence on disease-free
survival in the univariate analysis. In multivariate analysis,
only histological type and HPV DNA presence were
statistically significant. With regard to histological type,
it has been reported earlier that survival rate for patients
with adenocarcinoma or mixed carcinoma was significantly
poorer than that for patients with squamous cell carcinoma
[3,6-8,47]. In addition, our results are in concordance with
reported data that HPV-negative tumors are more
aggressive and show greater metastatic potential and
worse prognosis than HPV-positive cancers [22,56,57].

Our data also suggest that the invasive front of
carcinomas is the most important area for the evaluation
of the prognostic significance of the expression of cell
proliferation, growth, differentiation and apoptosis
regulatory proteins. Namely, we have tried to investigate
the concept of Bryne et al. [9] about the prognostic value
of invasive front for head and neck squamous carcinomas,
later adopted by some investigators for early stage
squamous cell carcinoma of the uterine cervix [2,28].
According to their results, the invasive front of
carcinomas proved to be the most important area for tumor
prognosis. Thus, similarly to determining the
morphohistological characteristics such as grade or
inflammatory infiltrate, the evaluation of the expression

of proteins in the invasive front of the cervical carcinomas
may be more biologically relevant because this area is
possibly more important for the determination of invasive
and metastatic capacity than the rest of the tumor. In
addition, such an approach is less time-consuming and
possibly more reproducible since the major part of the
tumor can be disregarded.

In conclusion, the current study confirmed
previous data on prognostic factors in early stage cervical
carcinoma, insofar as the univariate analysis demonstrated
that regional lymph node status, tumor diameter, depth of
invasion, and histological type were of important
prognostic significance in postoperative pT1b1/1b2
disease. In addition, according to the results of the
multivariate analysis, non-squamous cell histological type,
HPV DNA absence and Ki-67 expression in the tumor’s
invasive front in more than 20% of carcinoma cells have
now been identified as independent predictors of
recurrence. These prognosticators may assist in choosing
between surgery and surgery followed by radiotherapy
in patients with early stage cervical carcinoma.
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