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Abstract The pathogenesis of ovarian carcinomas is
heterogeneous, with even the same entities showing great
variance. In our study we investigated the mutations of the
BRAF, KRAS, and p53 genes in serous and mucinous
borderline tumors and in low grade and high grade serous
and mucinous tumors. The mutations of BRAF and KRAS
genes have been shown in 60% of borderline and low grade
(well differentiated) serous and mucinous tumors, but very
rarely in high grade (moderately and poorly differentiated)
carcinomas. However mutations of p53 are very common in
high grade tumors and this indicates a "dualistic" model of
ovarian tumorigenesis. A total of 80 serous tumors,
including serous borderline, low grade and high grade
tumors, and 23 mucinous tumors, including borderline and
invasive tumors were analysed for BRAF and KRAS
mutations using real time PCR method followed by melting
point analysis. P53 mutation was investigated by immuno-
histochemistry. We assumed mutation of the p53 gene when
100% of tumor cells showed strong nuclear positivity. We
observed differences in genetic alterations in the develop-
ment of the low grade tumors and between low and high
grade tumors too. In some bilateral or stage II-III cases we
observed differences between the mutation status of the left
and right ovarian tumors and between the primary tumor
and its implants. In one case in a tumor with micropapillary
pattern showing high grade nuclear atypia we could detect
mutations in both KRAS and p53 genes. The majority of
our mucinous ovarian tumor cases showed a KRAS
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mutation. We have not found mutations of the BRAF and
p53 genes in these cases. We have found as have others,
that there is a dualistic pathway of ovarian carcinogenesis.
In the majority of cases, low grade epithelial tumors
develop in a stepwise manner due to genetic alterations of
the members of MAP-kinase pathway; however mutation of
the pS3 gene is the key event in the development of high
grade tumors.
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Introduction

Ovarian cancers are the most lethal gynaecological tumors.
The most common types (90% of ovarian cancers) are
epithelial tumors. It was observed in the early 1900s that
some of these tumors had a better prognosis, and their
courses range between the benign and malignant tumors.
The FIGO from 1971, and the WHO from 1973 accepted
the borderline category for these tumors by definition
atypical epithelial proliferation without invasion [1, 2].
The borderline tumors comprise 10-20% of all epithelial
ovarian tumors [3].

A lot of tumors show a stepwise manner of tumorigen-
esis and have a precancerous phase. The prototype of this is
the adenoma-carcinoma sequence of colorectal cancers. The
exact pathogenesis of ovarian tumors is unknown until
today, but according to the data of literature low—and high-
grade carcinomas, in the great majority of cases, arise via
different genetic pathways.

These data indicate that low-grade serous carcinomas
most probably arise via an ‘adenoma—borderline tumour-
carcinoma’ pathway. Typically micropapillary serous bor-
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derline tumor (MPSBT) progress to low-grade serous
carcinoma (LGSC) via alterations of the RAS-RAF
signalling pathway secondary to mutations of KRAS
and BRAF genes (type I tumours). In the vast majority
of cases high-grade serous carcinomas (HGSCs) arise
from surface epithelial inclusion glands (currently there is
a competing hypothesis for tubal or secunder Miillerian
structure origin of high grade serous carcinomas) due to p53
mutations and BRCA1 or BRCA2 dysfunction (type II
tumours) [4-10]. Mucinous carcinomas (MCs) often show
KRAS mutation.

The most common ovarian epithelial tumors are serous
tumors and the second most common are mucinous tumors
[11, 12]. More than half of the low grade serous tumors
harbour mutations of either BRAF or KRAS gene. The
frequency of KRAS mutation is similar in mucinous
tumors. Almost all of these tumors show a transition phase
from benign lesion to the low grade carcinoma in regard to
both their histological and molecular spectrum. [9, 13, 14].
Borderline serous tumors and low grade invasive serous
carcinomas have some similarities in genomic alterations,
but a lot of differences exist too. Some borderline tumors
never progress, whereas some have the potential to become
high grade [3].

The Biological Effect of BRAF and KRAS Mutation
in Serous and Mucinous Ovarian Tumors

Both BRAF and KRAS genes are the members of the
Mitogen-activated protein kinase (MAP-kinase), also
known as extra cellular signal-regulated protein kinase
(ERK) pathway, which has an important role in the
transmission of numerous growth signals into the nucleus
[9, 15-17]. This pathway normally relays extra cellular
signals from ligand-bound cell surface tyrosine kinase
receptors, like epidermal growth factor receptor (EGFR),
HER-2, vascular EGFR, platelet-derived growth factor
receptor etc. to the nucleus via a cascade of specific
phosphorylation events beginning with activation of RAS,
and the activation of RAF after it.

The KRAS is a member of the RAS-family genes
(KRAS, NRAS and HRAS). The location of the gene is
on the long arm of the chromosome 12 (12p12). The RAS
proteins have GTPase activity and bind to the inner leaflet
of the plasma membrane. Mutations of the KRAS at codon
12 or 13, rarely 61 are mutually exclusive [18]. Point
mutations of the KRAS lead to the loss of GTPase activity
and constitutive activation of the protein and its down-
stream signals.

The BRAF gene encodes a RAF family protein, which is
recruited by active RAS to stimulate the MAP-kinase
pathway. The location of the BRAF gene is on the short
arm of the chromosome 7 (7q34). Most of the mutations of
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B-RAF are clustered in two regions. 90% of the mutations
occurred within or adjacent to the activation segment in
exon 15, which protects the substrate binding site. 92%
of these are a single substitution of adenine (A) for
thymidine (T) at nucleotide position 1796, which con-
verts a valine to a glutamic acid (Val to Glu) at position
exon 600 (V60OE, formerly named V599E) [17, 19-21].
Mutations were identified less commonly in the G loop
(glycin rich loop), in exon 11, which mediates the binding
of ATP [19].

KRAS and BRAF mutations are exclusive, and do not
occur together in the same tumor, in keeping with their
functional relationship [4, 10, 14, 20-22] and lead to
constitutive activation of the same pathway [6, 14].
Aberrant signalling of MAP-kinase pathway could promote
for example growth factor-independent proliferation, insen-
sitivity to growth-inhibitory signals, inactivation of tumor
suppressor genes, stimulation of cellular motility causing
invasion or metastases, up regulation of angiogenesis, or
induction of multidrug resistance gene [17].

Mutations in either KRAS or BRAF have an equivalent
and independent effect on tumorigenesis and occur very
early in the development of low grade tumors, and play a
“gatekeeper” role [21, 23]. It is thought that mutations of
the other components of the MAP-kinase pathway are
responsible for the development of BRAF and KRAS
negative tumors [6].

P53 Mutation and its Role in Ovarian Tumorigenesis

The above mentioned mutations are not found in high grade
(moderately and poorly differentiated) [24, 25] carcinomas,
whereas the p53 mutation has been shown in more than
60% of cases [6, 9, 10, 18]. The origin of these tumors is
controversial. Until now it was believed that these types of
tumors do not have known precursor lesions, and it is
thought they may develop de novo from the surface
epithelium or from an inclusion cyst. In some cases high
grade atypia within the epithelium of the ovarian surface or
inclusion cyst, termed ovarian intraepithelial atypia (OIN)
may be seen [13, 26]. Results of the last ten years show that
high grade tumors probably develope from the tubal
epithelium or secunder Miillerian structures via in situ
carcinoma-carcinoma way. [25, 27-30]. This group
includes high grade serous carcinomas, malignant Mixed
Miiller tumors and undifferentiated carcinomas [5, 10].

According to a few studies p53 mutation occurs in small,
stage | high grade serous carcinomas and epithelial cysts
adjacent to the tumor or in the tubal epithel. It suggests that
mutation of p53 is an early event in the pathogenesis of
these tumors [13, 31]. However p53 mutation in type I
tumors is a late event, if it occurs at all and is involved in
tumor progression rather than initiation [5]
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The Clinical Importance of the Molecular Genetic
Alterations

The prognosis and the biological behaviour of the two
groups are also different. While low grade carcinomas
have an indolent course and better prognosis they are
resistant to traditional chemotherapy modalities. High
grade carcinomas have a poor prognosis, grow rapidly
and metastasize early, but respond well to traditional
chemotherapy.

Most borderline ovarian tumors present as stage I
lesions, and patients with stage | disease have an excellent
prognosis with a five-year survival rate of more than 99%.
Borderline tumors in stages II-III have slightly lower
survival rates, and stage IV tumors have the worst survival
rates with a higher percentage of recurrence, in some cases
as an invasive low grade carcinoma. The recurrence can
appear 20-25 years after the initial diagnosis. Extra ovarian
lesions, implants define the behaviour of the low grade
malignant potential tumors. The invasiveness of the
implants is the most important prognostic factor of stage
II-III serous ovarian tumors [32]. The pathogenesis of
implants is controversial, and there are two major hypoth-
eses. The first is the monoclonal pathway. According to it,
peritoneal implants shed from the surface of the ovarian
tumor analogous to endometriosis or endosalpingiosis, or as
a direct metastasis [33]. The outgrowth of these exfoliated
cells on the peritoneal surface can be facilitated by the
similar microenvironment. It is also possible that these non-
invasive lesions are reactive mesothelial cell clusters. The
second hypothesis is the polyclonal pathway; and is thought
to be a result of a field effect. According to it implants are
independent primary tumours, independent primary perito-
neal carcinomas [16, 33]. Some investigator found the same
allelic imbalance and mutational status of KRAS both in
SBT and in the implant supporting the implantation theory
[34-36]. Others have shown a different X chromosome
inactivation patterns in the SBT and in its implants, which
would support the independent origin of the peritoneal
lesions [37, 38].

In contrast to the borderline tumors the five-year survival
rate for stage I invasive carcinomas is 65-80%, and 29—
49% for stage III invasive carcinoma. The borderline
tumors have a better prognosis in every stage compared to
low grade tumors. The low grade serous carcinomas show
an indolent course, but after 20-25 years many patients die
due to widespread carcinomatosis. These tumors are
resistant to chemotherapy.

Inhibition of the members of MAP-kinase pathway
would be a rational therapy against the advanced stage
low grade carcinomas showing KRAS or BRAF mutations.
These types of anticancer therapy may prove to be more
effective, specific and less toxic than conventional cytotox-

ic agents. There are many drugs in phase II or III clinical
trials.

The aim of this study was to investigate the BRAF and
KRAS mutation, and p53 expression in borderline, low
grade invasive, and high grade invasive, serous and
mucinous ovarian tumors; to determine these mutations in
extra ovarian manifestations and to compare the molecular
background of the primary and secondary lesions.

Materials and Methods
Patients and Paraffin Embedded Samples

103 pathology samples of 87 patients with ovarian tumors
(80 serous and 23 mucinous tumours) diagnosed in the
National Institute of Oncology between 2000 and 2009
were analysed in this study (between 2000—2009 altogether
43 serous borderline tumors were diagnosed in our institute
and we have investigated also 17 low grade and 20 high
grade serous carcinomas from the occurring cases. The
most of the high grade tumors we could investigate only a
part of the tumors because of the inoperability of the
disease. 12 mucinous borderline tumors were occurred in
our institute and we have chosen 10 mucinous carcinomas
too; so these cases don’t represent the proportion of their
occurrence in the population.)

While the age distribution of the patients with serous
borderline tumor (SBT) ranged from 18 to 73 with a
median age of 44,3 years, and with low grade serous
carcinoma (LGSC) varied from 26 to 77, the median age
was 48,76 years. Patients with high grade serous carcinoma
(HGSC) were older, and the age distribution ranged from
41 to 78 years with a median age of 61,8 years.

The age of patients with mucinous borderline tumors
(MBT) was between 40 and 83 years, and the median age
was 55,4 years and with mucinous adenocarcinoma (MC)
ranged from 47 to 75 with a median age 60,3 years.

Representative formalin fixed, paraffin embedded
blocks were chosen following review of the cases. Tumor
typing and staging were performed according to the
criteria of the International Federation of Gynaecologists
and Obstetricians (FIGO) and the International Union
against Cancer (IUCC). In cases of mucinous tumors we
ruled out of the metastatic origin by both clinically and
immunohistochemically (all cases were CK7 positive and
CK20 and CDX2 negative).

All the tumors were reviewed by haematoxylin-eosin
and screened for the presence of the most common V600E
BRAF mutation in the exon 15 and for KRAS mutations in
the codon 12 and 13 by melting point analysis after real
time PCR reaction. Results were confirmed with bidirec-
tional sequencing. One sample per patient were analysed,
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except for the bilateral cases or stage II-IV tumours, where
we analysed both the primary ovarian tumors and the extra
ovarian lesions. 98 cases respectively were analysed by p53
immunohistochemistry.

Immunohistochemistry

4 um sections from each case were used for immunobhis-
tochemical detection of p53. The procedures were per-
formed according to the manufacturers’ protocol. The
sections were deparaffinized and rehydrated in graded
alcohol. After heat-induced epitope retrieval (HIER) by
steaming in citrate buffer (DakoCytomation Target Retrieval
Solution, code No. S 3308, pH 6.0) for 35 minutes)
sections were stained with p53 antibody (DAKO clon:
DO-7, 1:300, incubation time was 30’ at room temper-
ature). Avidin-biotin complex (ABC) and peroxidase
methods were used. The visualization was performed by
DAB (3,3'-diaminbenzidine chromogen) using DAKO
LSAB/HRP kit and DAKO EnVision/HRP kit. Only
cases showing 100% tumor cell positivity were regarded
as positive for p53 gene mutation [5].

Mutational Analysis of BRAF and KRAS Genes
Extraction of DNA

Samples were subjected to cell lysis with proteinase K
treatment (Magna Pure DNA Tissue lysis, proteinase K,
Roche, Germany) followed by DNA extraction using
magnetic bead technology (Magna Pure CNA, Roche
Diagnostics, Germany) according to the manufacturer’s
instruction. The purified samples were stored at —20°C in a
concentration of 30 ng/pl.

Detection of Kras Mutation with Real-Time PCR Followed
by Melting Curve Analysis

A set of primers were chosen to amplify a specific 170-bp
genomic fragment of K-ras exon 2 containing codon 12, 13.

Hybridisation probes were designed complementary to wild
type K-ras allele. The competing wild-type LNA oligomer
covered codon 10-14. The antisense strand was chosen for
the LNA oligomers and the detection probes because of its
lower purine content and, therefore more precise hybrid-
isation results (Li Y). The primers, probes and the LNA
oligomers were from TibMolbiol (LightCycler Probe
Design Software 2.0, manufactured by TibMolbiol, Ger-
many). The sequences of the primers, probes and LNA
oligomers are given in Table 1. The PCR was conducted in
a LightCycler 2.0 thermocycler (Roche Diagnostics). The
PCR mixture contained 1 uM forward primer, 0.25 puM
reverse primer, 0.2 uM each of the probes, 5.5 mM MgCl,, 5%
ready-to-use master mix (Lightcycler Multiplex DNA master
HybProbe kit from Roche) and 1 pl of DNA template in a
total volume of 10 pl. After the initial denaturation step
(10 min for 95°C) the conditions of the PCR were 95°C for
5 sec, followed by 60°C for 15 sec, 72°C for 15 seconds
with 5°C/s ramp rate in each cycle for 45 cycles.

Mutant and wild type positive control in each run and
water as negative control (as control for contamination)
were also processed in parallel with each sample.

After the thermal cycling we performed melting curve
analysis to detect sequence variations in the amplicons
(95°C for 10 sec, 40°C for 30 sec to 95°C for 0 sec with
continuous measure on F2 channel (for LC-Red 640 nm)
and 0.1°C/s ramp rate).

PCRs for the LNA clamp were run with the same
conditions except that we added 0.05 uM LNA oligo,
0.5 uM forward-reverse primers to the basic mixture and
set 10 sec at 70°C T, step before annealing to maximize
LNA binding to its complementary DNA strand.

The K-ras gene mutation was identified by comparing
the Tm of each patient’s results with that of the DNA
positive and negative controls.

After detecting sequence variations and purification of
PCR products (NucleoSpin extractll, Macherey-Nagel,
Germany) results were confirmed with bidirectional
sequencing analysis on the ABI Prism Genetic analyzer
instrument. (Applied Biosystems).

Table 1 DNA sequences of primers, probes and LNA oligomers for detecting K-ras mutations

K-ras forward:

5’ tcatattcgtccacaaaatgattctg 3’

K-ras reverse:
sensor

anchor

LNA

5" gtattaaccttatgtgtgacatgttcta 3’

5" acgecaccagetccaac-fluorescein 3’

5" LC Red 640-ccacaagtttatattcagtcattttcagcaggcct-phosphate 3’
5" CCTACGCCACCAGCTCC-NH2 3’

Bold lower case: K-ras codonl2 and 13

The 3’ end of the anchor probe was phosphorylated to prevent probe elongation by Taq polymerase during PCR. The melting temperature of the

probes is 60°C
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Detection of Braf Mutation with Real-Time PCR Followed
by Melting Curve Analysis

Detection of Braf mutation was done by similar methods as
Kras mutation detection.

A set of primers were chosen to amplify a specific 227-
bp genomic fragment of Braf exon 15 containing codon
600 [39]. Hybridisation probes were designed complemen-
tary to wild type Braf allele. The primers and probes were
from TibMolbiol (LightCycler Probe Design Software 2.0,
manufactured by TibMolbiol, Germany). The sequences of
the primers and probes are given in Table 2.

The PCR was conducted in a LightCycler 2.0 thermo-
cycler (Roche Diagnostics). The PCR mixture contained
1 uM forward primer, 0.25 uM reverse primer, 0.2 uM
each of the probes, 4 mM MgCl,, 1x ready-to-use master
mix (Lightcycler Multiplex DNA master HybProbe kit from
Roche) and 2 pl of DNA template in a total volume of
20 ul. After the initial denaturation step (10 min for 95°C)
the conditions of the PCR were 95°C for 5 sec, followed by
50°C for 5 sec 55°C for 15 sec, 72°C for 15 sec with 5°C/
sec ramp rate in each cycle for 54 cycles.

Mutant and wild type positive control in each run and
water as negative control (as control for contamination)
were also processed in parallel with each sample.

After the thermal cycling we performed melting curve
analysis to detect sequence variations of the amplicons
(95°C for 10 sec, 45°C for 60 sec to 95°C for 0 sec with
continuous measure on F2 channel (for LC-Red 640 nm)
and 0.1°C/s ramp rate).

The Braf gene mutation was identified by comparing the
Tm of each patient’s results with that of the DNA positive
and negative controls.

After detecting sequence variations and purification of
PCR products (NucleoSpin extractll, Macherey-Nagel,
Germany) results were confirmed with bidirectional
sequencing analysis on the ABI Prism Genetic analyzer
instrument. (Applied Biosystems).

Table 2 DNA sequences of primers and probes for detecting Braf
mutation

Braf forward: S'-tcataatgcttgetctgatagga-3’

Braf reverse: 5'-ggccaaaaatttaatcagtgga-3’

sensor S-agctacagtgaaatctcgatggag-fluoreszcein-3’
anchor 5'-LC Red 640-ggtcccatcagtttgaacagttgtctgga-

phosphate-3’

Bold lower case: Braf codon 600

The 3’ end of the anchor probe was phosphorylated to prevent probe
elongation by Taq polymerase during PCR. The melting temperature
of the probes is 60°C

Results

Table 3 shows the histological distribution and the results of
molecular analysis of the reviewed cases. 27 of serous
neoplasm were serous borderline tumors (three with micro-
invasion; seven bilateral; in bilateral cases the contra lateral
ovary showed SBT in 4 case, MPSBT in | case and LGSC
in 2 case). Among 16 borderline tumors with micro-
papillary features, two showed microinvasion and six were
bilateral and in one case the other ovary showed typical
serous borderline tumor, and in one case we saw low grade
serous carcinoma in the contra lateral ovary. 17 cases were
diagnosed as invasive low grade serous carcinoma (seven
bilateral; two cases showed typical serous borderline tumor
and one case micropapillary serous borderline tumor in the
contra lateral ovary, the remaining cases were bilateral
serous carcinomas). 20 cases were high grade serous
carcinomas. Invasive implants were not seen in cases of
borderline tumors, but in 8 cases we detected non-invasive
implants. Invasive carcinomas had non-invasive implants in
6 cases and there were invasive implants or metastasis in
8 cases.

12 mucinous tumors were borderline mucinous neo-
plasm, among these three showed microinvasion, and
among them there was a bilateral lesion with a low grade
mucinous carcinoma of the other ovary. There were 11 low
grade mucinous carcinomas, among them the bilateral case
with borderline mucinous tumor.

Transition between benign, borderline and low grade
serous carcinomatous areas were seen in the majority of
cases of borderline tumours and of low grade serous
carcinomas. Benign areas were detected in 23 of the 27
typical borderline tumours. There were also benign and
typical borderline areas in 13 of the 16 cases of
micropapillary serous tumors. The area of epithelial
proliferation was in inverse ratio to the extent of benign
arcas. The proportion of the adenomatous areas in
borderline tumors with micropapillary features were less
than 10%.

In the majority of the low grade serous carcinomas
borderline areas were seen too, but foci of benign adenoma
infrequently. Three cases showed small areas of typical
benign cystadenoma besides carcinoma, and in 8 cases
micropapillary borderline tumors were detected too. We
were unable see any precursor areas in one case.

Precursor lesions were not detected in high grade
serous carcinomas at all. We could see neither low grade
carcinomatous component, nor borderline or benign
areas. Normal residual ovarian tissue was not detected
either.

12 borderline mucinous neoplasm contained areas of
residual benign cystadenoma and there were borderline
areas in 8 of 11 invasive mucinous neoplasm.
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Table 3 Histological distribution and results of molecular analysis of the investigated cases

Histological subtype Unilateral Bilateral

Microinvasive area Implant

Mutational status Positive results/No
of examined case

Invasive Non-invasive P53 BRAF KRAS

SBT 27 cases 16 7 (1 SBT-MPSBT* 2 unilateral
2 SBT-LGSC” 1 bilateral
4 SBT-SBT)

MPSBT 16 cases 6 6 (1 MPSBT-SBT* 1 unilateral
IMPSBT-LGSC*® 1 bilateral

4 MPSBT-MPSBT)
7 (2 LGSC - SBT ™

1 LGSC- MPSBT®

4 LGSC-LGSC)

HGSC 20 cases -
MBT 12 cases 11 1 (MBT- MC)° 3
MC 11 cases 10 1 (MC- MBT) °

LGSC 17 cases 6

0 5 0/43 (0%)  10/43 (23,25%) 17/43 (39,53%)
0 3
8 6 017 (0%)  0/17 (0%) 417 (23,53%)

11/20 (55%)
0/12 (0%)
0/6 (0%)

0/20 (0%)
0/8 (0%)
0/6 (0%)

2/20 (10%)
6/12 (50%)
711 (63,63%)

& P o Osame patients

SBT-serous borderline tumor, MPSBT-micropapillary serous borderline tumor, LGSC-low grade serous carcinoma, HGSC-high grade serous

carcinoma, MBT-mucinous borderline tumor, MC-mucinous carcinoma

Results of Mutation Analysis

We detected BRAF mutation at codon V600E (all muta-
tions were detected in this location) in 10 cases among all
43 borderline serous tumors (Figure 1), and we did not
observe it at all in the 17 cases of low grade serous tumors
(Figure 2) and high grade tumors. The KRAS mutations in
the codon 12 were demonstrated in 17 serous borderline
tumors, in 4 low grade carcinomas and in 2 high grade
carcinomas respectively. There were no cases where the
two gene mutations occurred together. All together the two
gene mutations occurred in 63% of the serous borderline
tumors, in 24% of the serous low grade tumors, but only
10% of the high grade serous tumors. Among the 20
bilateral cases five showed different genetic alterations of
the two ovarian tumors. In all 5 cases one of the ovarian
tumors showed KRAS mutation and the contra lateral
tumor showed wild type KRAS gene. The remaining
bilateral cases showed similar genetic status. We could
demonstrate BRAF mutation in both of ovaries in 2 cases
and KRAS mutation in 5 cases respectively. The remaining
bilateral tumors did not show KRAS or BRAF mutation.
In 12 cases we investigated in parallel the primary
ovarian tumor and the peritoneal implants (among them 7
cases were bilateral). We detected the same mutation in the
tumors and their implants in 7 cases. In two bilateral cases
the two ovarian tumors showed different genetic alterations,
one of them was KRAS mutant, and the other was wild
type. In these cases the implants were wild type. In one
unilateral case the primary ovarian tumor was KRAS
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mutant but the implant was wild type. In another unilateral
case the implant showed KRAS mutation while the ovarian
tumor was wild type.

Borderline or low grade serous tumors did not show p53
mutation. In contrast to the borderline serous and low grade
invasive carcinomas the high grade serous tumors showed
pS53 mutation in 55% of cases (11 cases from 20 cases).
One case showed both p53 and KRAS mutation. This
tumor had a micropapillary component, but the nuclear
polymorphism and the mitotic rate were high (Figure 3).

Among the 23 analysed ovarian mucinous tumors we did
not find BRAF or p53 mutations. There were KRAS
mutation in 6/12 borderline cases, and in 7/11 mucinous
carcinomas. Bilateral mucinous cases showed no differ-
ences in genetic alterations of the two ovarian tumors
(Table 3).

Discussion

Our findings, like previous studies support the hypothesis
of the dualistic model of ovarian carcinogenesis. According
to it Type I ovarian tumours (including the low grade
serous, mucinous, endometrioid and clear cell carcinomas)
show a step-wise tumorigenesis, and in cases of Type II
tumours (high grade serous carcinoma, mixed Miiller tumor
and undifferentiated carcinoma) we didn’t see any precursor
lesion, but in the most cases we could see only a part of the
tumors. In Type I tumors the most frequent genetic
abnormality is the mutations of the members of MAP-
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kinase pathway i.e. KRAS and BRAF genes, Type II
tumors show mainly mutation of the p53 gene [5, 10, 13].
The morphological spectrum of transition from benign
lesions to low grade carcinomas, which can be seen in
borderline tumors, low grade serous carcinomas, and
mucinous tumors but are not seen in high grade tumors
also favours this step-wise tumorigenesis.

As in previous studies we detected BRAF and KRAS
mutation in a significant proportion of ovarian borderline
and low grade invasive carcinomas. In serous borderline
tumors BRAF and KRAS mutations never occur together
[4, 10, 19]. We found very similar KRAS mutations in
borderline and low grade serous carcinomas suggesting a
similar molecular pathway. However we did not seen
BRAF mutation in low grade serous carcinomas at all. We
could not define clearly the predisposing genetic factors for
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Fig. 2 (a) Micropapillary serous borderline tumor on the right side and
low grade serous carcinoma on the left side in the same ovary (HE 40x).
(b). Laminin immunohistochemistry in the same tumor. The basalmem-
brane is continuous in micropapillary serous borderline tumor (right
side). Staining is disappearing in low grade serous carcinoma (left side)
(laminin 40x). (¢). Braf were wild type in both low grade serous
carcinoma and the borderline component of the ovarian tumor. Melting
point of the tumor sample was the same like wide type control’s. (NTC-
non template control, WT-wild type, MUT-mutant)
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Fig. 3 (a) High grade serous carcinoma with micropapillary feature
and high grade nuclear polymorphism (HE 40%). (b). p53 immuno-
histochemistry showed nearly 100% positivity of the tumor cells. (K-
ras gene was also mutant in this tumor). (40%)

progression of a borderline tumor to a low grade carcinoma,
but our results suggest that tumors with borderline
morphology and BRAF mutation are more stable and do
not progress to low grade serous carcinoma. It seems
feasible that the two mutations have different roles in the
tumorigenesis. While the BRAF mutation causes only
borderline lesions, KRAS mutation causes not only
epithelial proliferation, but some disposition to progress to
carcinoma. Nonetheless BRAF and KRAS mutations
employ biologically similar mechanisms to induce epithe-
lial proliferation, and have different roles in carcinogenesis.
It must be mentioned that in the literature the occurrence of
KRAS and BRAF mutations in low grade serous carcino-
mas are nearly equivalent [10, 13, 20, 26, 40]. The reason
however could be the low number of cases. Corresponding
to previous reports there were no morphological or clinical
differences between the BRAF or KRAS positive and
negative cases [19]. We detected only KRAS mutation in

@ Springer

mucinous tumours which is also in accordance with
previous papers [9, 10, 13, 16, 26].

These molecular changes are confined to the first group
of ovarian surface neoplasms and occur very rarely in the
second group. In the second group, of high grade
carcinomas p53 mutations were detected most often. It is
not a feature of the low grade tumors.

Like previous studies our results showed that low grade
serous carcinomas are unrelated to high grade tumors [19].
However the possibility still exists, that BRAF or KRAS
wild type or mutant low grade serous tumors may progress
to high grade tumors [10]. It may be that another molecular
event is needed to cause progression. We had a case where
we could detect p53 and KRAS mutations together in the
same tumor which showed micropapillary features, prom-
inent nuclear polymorphism and a high mitotic rate. Most
probably it represents that rare example when a low grade
carcinoma progresses to a high grade tumor (Fig. 3).

We can conclude that in the majority of the cases of
ovarian serous carcinomas, the two different types (low
grade with papillary structures, nuclear grade I-II, low
mitotic activity;) and high grade (which shows mainly
solid, papillary and adenoid structures and high nuclear
grade and mitotic activity) [10, 41] are two different
tumors.

Our results underline the monoclonal hypothesis of
ovarian tumors and their implants as we could detect the
same mutations in the bilateral cases and in the extra
ovarian lesions in the majority of the cases. But in a few
cases there were differences between the molecular status
of the bilateral ovarian tumors, or between the ovarian
tumor and its implants, so we can not exclude the
polyclonal hypothesis with a “field effect”.

Our results suggest different pathways of tumorigenesis
of low grade serous tumors. On the basis of our results we
can say that KRAS mutation plays an important role in the
progression of borderline tumors to low grade carcinomas.
Benign serous tumors can progress to borderline tumors
due to a BRAF mutation but they do not tend to progress to
low grade carcinomas. When borderline tumors do not
show a BRAF mutation they progress to low grade
carcinomas due to KRAS mutation or some other genetic
event.
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