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Prevalence of K-RAS mutations and CA125 tumor marker

in patients with ovarian carcinoma

Abstract

Background: Ovarian carcinoma is one of the leading causes of cancer-related death
among females. K-ras codon 12 mutations are commonly occurring mutations in different
types of cancers and leads to resistance against anti-EGFR therapeutics. Hence,
determination of mutations in k-ras gene is crucial for predicting response to anti-EGFR
therapies. This study aimed to evaluate the prevalence of k-ras gene mutations and CA125
tumor marker in patients with ovarian carcinoma in Tabriz city.

Methods: Genomic DNA was extracted from 67 tissues pertained to women with ovarian
carcinoma. Mutations in codon 12 and 13 of k-ras gene were analyzed by Nested PCR and
RFLP methods. Titer of CA125 tumor marker was determined by ELISA.

Results: Among the 67 patients, 7 patients (10.4%) had mutation in k-ras codon 12 while
none of them had mutation in k-ras codon 13. Based on the results, the frequency of
various genotypes were 89.55%, 10.44%, and 0%, for GG, GA, and AA alleles,
respectively. The p-value for stage | and Grade | tumors were 0.022 and 0.04, respectively,
indicating a statistically significant correlation between codon 12 mutation and stage | and
Grade | tumors. Furthermore, we found significant correlations among CA125 tumor
marker titers and histological grade (p<0.000) and stage (p<0.000). The mean serum
CA125 tumor marker levels in malignant carcinomas were 499.84 U/ml.

Conclusion: The results in this study indicated high prevalence of k-ras codon 12
mutations and high titer of CA125 tumor marker in patients with ovarian carcinoma in the
study region.
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Around the world, ovarian carcinoma is one of the leading causes of cancer-related
death among females. The gain of function mutations in proto-oncogenes and inactivating
mutations in tumor suppressor genes caused by genetic abnormalities participate in the
progression of various tumors. It has shown that RAS mutations can lead to a constitutive
stimulation of autonomous growth and contribute to the carcinogenesis. In humans,
different members of ras family have been found in particular types of malignant tumors;
N-ras in low grade serous ovarian, melanoma and k-ras (v-ki-ras2 Kirsten sarcoma viral
oncogene homolog) in colorectal carcinoma and non-small cell lung cancer (NSCLC) (1-
4). Ras protein is located on the inner part of the plasma membrane of the cells and
responsible for GTP hydrolysis. It is an important regulator of cell growth, transformation
and apoptosis. Ras protein has a fundamental implication in various pathological processes
including RAS, RAF, MEK, ERK pathway and RAS, PIK3CA, PTEN, AKT, and mTOR
pathways. K-ras mutations are frequently seen in some of tissues such as colon, lung and
pancreas; and recent studies have shown that genetic alterations of ras oncogenes play a
crucial role in early carcinogenic events (5, 6) and the trigger of ovarian cancer.
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The ras proteins are small GTPases which play a critical
role in downstream signaling pathways of EGFR. The
GTPase cycles between their active state when binding to
GTP and the inactive state when binding to GDP (7, 8). Loss
of GTPase activity is caused by mutations in codon12 and
codon 13 of the k-ras gene. It has shown that mutation in k-
ras codon 12 leads to constitutively active Ras protein (5, 9).
Conventional cancer treatment methods include the
combination of radiation, surgery and chemotherapy that
lead to relapses within 3 to 5 years after treatment. In recent
years, target therapy using monoclonal antibodies and
chemical tyrosine kinase inhibitors have shown high
response rates in the treatment of EGFR overexpressing
cancers. Tyrosine-specific protein kinases are classified into
2 families, receptor tyrosine kinase (RTK) and cytoplasmic
proteins. RTKs contains an amino-terminal extracellular
domain  responsible  for ligand  binding.  These
transmembrane proteins have an important role in efficient
phosphorylation of tyrosine amino acid residues in signal
transduction pathways. They act primarily as receptor for
different growth factors such as EGFR and PDGFR and their
downstream signaling cascade contribute to the proliferation,
apoptosis and differentiation of the cells (10).

Anti-EGFR targeted therapy includes tyrosine kinase
inhibitors (TKIs) and monoclonal antibodies that show high
anti-tumor activity in some cancers by interrupting signaling
pathway. Monoclonal antibodies such as Cetuximab,
Trastuzumab, and Panitumumab block the signaling cascade
by binding to the extracellular ectodomain of EGFR,
preventing EGF ligand binding and the signaling cascade but
tyrosine kinase inhibitors attach to the intracellular domain
of EGFR and block the downstream effectors of EGFR
signaling pathway. Patients with mutant k-ras gene in their
tissues demonstrate poor outcome to anti-EGFR therapy,
hence, it is a crucial prerequisite to determine the mutation
status of patient’s ras gene before their subjection to anti-
EGFR target therapy (3, 11-14). The aim of this study was to
investigate the frequency of k-ras mutations as well as
CA125 tumor marker level and their correlation to various
histopathological characteristics such as stage and grades in
ovarian carcinomas from northwest of Iran.

Methods
Patients and samples: To investigate the role of k-ras gene
in ovarian carcinoma, different subtypes of ovarian

carcinoma were collected. Formalin-fixed paraffin-embedded
specimens from 67 patients with ovarian carcinoma recovered
from al-Zahra Hospital. All samples had confirmation of
cancer based on histological features in hematoxylin-eosin-
stained tissue sections. Clinical information including
histopathological reports were obtained for all of the patients
with ovarian carcinoma. In every 67 specimens,
histopathological characteristics were determined including
degree of differentiation (divided into 3 groups of poorly,
moderately and well differentiated); pathological staging,
familial cancer history and cell subtypes.

DNA extraction from paraffin-embedded specimens:
Malignant tumor tissue enriched section with a minimum
surface area of 8 or 10 pum thicknes was isolated from the
paraffin-embedded specimen (3) and deparaffinized with
xylene as described (15). To decrease the risk of molecular
cross-contamination during sectioning, the microtome was
cleaned after cutting each tissue sample. Briefly,
deparaffinization was accomplished by washing the
sectioned tissue with 1000 upL xylene three times and
isolated by centrifugation for 10 minutes. Then the sections
were washed with 1000 pL of ethanol 96% to remove
residual xylene. DNA extraction was performed by
resuspension of tissue section in 400 pL lysis buffer (10mM
Tris, ImM EDTA, 50mM NaCl) containing 2% SDS and
60 pg proteinase K. The lysates were incubated at 40°C for
18 hour, then continued with phenol-chloroform extraction
and ethanol precipitation. Finally, DNA precipitates were
washed with 70% ethanol and dissolved in sterile distilled
water after dying (15, 16).

PCR genotyping: Nested PCR was carried out to improve
the sensitivity and specificity of detection. The DNA
extracted from samples were first amplified using the
primers  for K-RAS  codonl2:  Forward: 5’-
GCCTGCTGAAAATGACTG-3’; and  Reverse: 5’-
CCAATCAAAATGCACAG AGAG -3’. Then, one
microliter of PCR products was amplified using inner nested
primers of F2 5’-ACTGAATAT
AAACTTGTGGTAGTTGGACCT-3> and R2: 5’-
GGTACATTT CAGATAA CTTAACTTTC-3". First PCR
and inner nested PCR for k-ras codonl3 was performed
using the following primers; Fl: 5-
GCCTGCTGAAAATGA CTG-3° and RI: 5°- CCAAT
CAAAATGCACAGAGAG -3’; F2: 5°- ATA TAA ACT
TGT GGT AGT TCC AGCTGG-3’; R2: 5°- TCA AAG
AAT GGT CCT GGA CC-3. PCR was performed in 25 pl
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reactions containing 2.5 pl of 10X PCR reaction buffer,
1.5mM Mgcl2, 0.2 uM dNTPs, 0.4 uM primers, 100ng of
template DNA and 1 unite of Tag DNA polymerase.

For k-ras codon 12, 33 amplification cycles were
performed under the following conditions; one cycle initial
denaturation at 94°C for 4 min followed by 15 cycle of 1 min
denaturation at 94°C , annealing 1min at 53°C, extension 30
sec at 72°C, with a final extension of 5 min at 72 °C.. The
program for second PCR consisted of 18 cycles denaturation
for 1min at 94°C, annealing at 55°C for 1min, extension at 72
°C for 30 sec with a final extension at 72°C of 5 min. For k-
ras codon 1Y, 3¥ amplification cycles were performed under
the following conditions; one cycle initial denaturation at
94°C for 4 min followed by 15 cycle of 1 min denaturation at
94°C , annealing Yo sec at 53°C, extension 30 sec at 72°C,
with a final extension of 5 min at 72 °C. The program for
second PCR consisted of 18 cycles denaturation for 1min at
94°C, annealing at 53°C for 45 sec, extension at 72 °C for 30
sec with a final extension at 72°C of 5 min. The primers were
designed to introduce a BSTNL1 restriction site for codon 12
and van 91 | restriction site for codon 13 wild type alleles
(17). Forward primer integrated a C residue mismatch at the
second site of codon 11. This created a BstNI restriction site
in the amplicon after PCR amplification on normal allele but
inactivated in PCR products from mutated samples. For
codon 13, forward primer incorporated a C residue mismatch
at the first and second position of codon 10 creating van 91 |
restriction site in the wild-type allele.

For RFLP analysis, digestion was carried out with BstN1
and Van91l for codon 12 and codon 13, respectively (18,
19). The digestion products were analyzed by electrophoresis
on 3 % agarose gel, in a tris-acetate-EDTA (TAE) buffer at
94 volts alongside with a 50 bp DNA ladder (Fermentas,
Lithuania) (20, 21). RFLP analysis for k-ras codon12 led to
the generation of two fragment of 225-bp and 25-bp after
BSTNL1 digestion on wild-type samples. Mutated k-ras codon
13 resulted in a 146-bp fragment, whereas wild-type
genotype resulted in two strands of 119 bp and 27 bp.
Quantitative determination of the CA125 cancer antigen:
The serum samples from 40 patients with ovarian cancer
were collected from the Al-Zahra Gynecology Hospital. The
quantitation of CA 125 was carried out by human CA 125
ELISA kit (RayBiotech Company Inc. USA) according to
the manufacturer’s recommendations (22). The minimum
and maximum detectable dose of Human CA-125 were
determined to be 0.6 U/ml until 1000 U/ml. one hundred pl

of standard or samples were loaded onto the ELISA plate
and incubated 2.5 hours at room temperature (RT). Unbound
elements were washed out with wash solution, then 100 pl of
biotinylated antibody were loaded on to each well, incubated
1 hour at RT. After washing, 100 microliter of streptavidin-
conjugated HRP reagent were loaded to the wells, and the
plate was incubated for 30 minutes at RT. After washing,
color development was performed by HRP substrate
incubation and the optical density (O.D.) at 450 nm was
determined using a microplate reader (22).

Statistical analysis: Chi-square test, correlation analysis and
spearman test were carried out to demonstrate specific
associations between k-ras mutation and CA125 levels with
histopathological characteristics (23). The statistical analysis
was accomplished by chi-square test using SPSS software
and p<0.05 was considered statistically significant and in
Spearman tests correlation coefficient between +0.6 to +1
indicates a perfect significant correlation.

Results

K-RAS codon12 and codon 13 mutation analysis were
performed by PCR/RFLP technique in 67 patients with
invasive ovarian epithelial carcinomas. The study was
approved by the ethical committee of Tabriz University of
Medical Sciences (IR.TBZMED.REC.1398.951). In our
study, histopathological characteristics of the malignant
tumor samples were collected for all patients, finally we
detected the statistically significant correlation between
codonl2 k-ras mutations and the biological staging, cell
differentiation and cell histopathological subtypes. The k-ras
mutation gene fragment which carries a point mutation was
distinguished from the wild-type k-ras gene fragment by the
shifted mobility shown in the agarose gel in figurel.
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Figure 1: RFLP analysis for k-ras codon12 mutations.
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Analysis of codon 12 k-ras mutations in different types of
ovarian carcinomas: Results of PCR RFLP analysis
revealed that 6 of 20 mucinous type malignant tumors and 1
of 47 serous ovarian carcinomas contained k-ras codon 12
mutation, respectively. These results indicate that k-ras
codon 12 mutation are significantly frequent in mucinous
type malignant tumors.

Our study revealed that while 7 of 30 cases of stage |
tumors contained k-ras codon 12 mutations, none of the
samples belong to stage I, 111, and 1V had this mutation and
while 6 of 25 cases of well differentiated tumors contained
k-ras codon 12, one of the samples belong to moderately
differentiated with this mutation.

The results indicated that k-ras mutation was

significantly associated with lower grade, mucinous
histological subtypes and lower stage of tumors. Compared
to mucinous lesions, serous carcinoma exhibited low
mutational frequency. Association of k-ras mutations with
clinicopathological characteristic are shown in table 1 and
genotype frequency for k-ras codon 12 mutation are
summarized in table 2.
Analysis for mutation in codon 13 of the k-ras gene:
Results of PCR RFLP analysis revealed that none of 67
malignant tumors contained k-ras codon 13 mutation. These
results indicate that k-ras codon 13 mutation are not
significantly frequent in our ovarian cancer samples. The
allelic frequency distribution of k-ras codon 12 and codon 13
mutations are summarized in table 3.

Table 1. Identification and distribution of codon 12 k-ras
mutations

Table 2. Genotype frequency for k-ras codon 12 and
codon13 mutation.

PATIENTS=67

Observed Genotype Genotype Observed
genotype frequency genotype
frequency distribution

GG 89.55 60
Codon 12 GA 10.44 7

AA 0 0

GG 100 67
Codon 13 GA 0 0

AA 0 0

Table 3. Allelic frequency distribution for k-ras codon 12
and codon13 mutation.

N=134
Observed allelic | Allele Number of alleles
frequency (observed frequency)
G 127 (0.947)
Codon 12 A 7(0.053)
G 134(1)
Codon 13 A 0(0)

Variables GG | GA | AA | Total | Pvalue
(%) | (%) | (%)

Mucinous 14 6 0 20 0.001

Serous 46 1 0 47

Stage | 23 7 0 30 0.022

Stage 11, 111, IV 37 0 0 37

Well 19 6 0 25

differentiated

Moderately 13 1 0 14 0.04

differentiated

Poorly 18 0 0 18

differentiated

Undifferentiated | 10 0 0 10

Correlations  between CA 125 levels and
histolopathological characteristics; Grade, stage and
subtype: Sandwich ELISA method for determination of CA
125 tumor marker revealed that the mean serum CA125
tumor marker levels in malignant carcinomas were 499.84
U/ml (56 ranging from U/ml until 1500 U/ml), which were
significantly higher than the normal titer of CA125 ranges.
The serum CA125 tumor marker levels were also assessed
for their correlation to the pathological stage, tumor grade,
cell subtype and familial history (tables 4, 5, 6). We
determined statistically significant correlations among CA
125 tumor marker titers and histological grade (p<0.000) and
stage (p<0.000).

No relationship was determined between CA 125 levels
and tumor subtypes. Analysis for correlation with familial
history revealed that CA 125 tumor marker shows a
significant correlation with familial cancer history, but the
correlation specifically with ovarian carcinoma was not
significant (p=0.846).
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Table 4. Correlations between CA 125 levels and histological grade, stage, subtypes and FM cancer history.

CA125 CA125 | GRADE | STAGE | SUBTYPE | FM Cancer history
Correlation 1 .648 .756 -.086 -.035
COEFFICIENT - .000 .000 .604 .846
SIG 39 39 39 39 33
N

GRADE:

Correlation .684 1 .601 .010 -.035
COEFFICIENT | .000 - .000 .954 .846
SIG 39 39 39 39 33
N

STAGE:

Correlation 756 .601 1 .044 .031
COEFFICIENT

SIG .000 .000 - 792 .863
N 39 39 39 39 33

Table 5. Mean of CA125 tumor marker levels

Grade and stage factor Number | Mean of CA125 levels
Well differentiated; Grade | 11 62.90 U/ml
Stage | 14 129.85 U/ml
Moderately differentiated; Grade Il 13 577.76 U/ml
Stagell 11 460.90 U/ml
Poorly differentiated; Grade 111 8 876.62 U/ml
Stage Il 11 1001.18 U/ml

Un differentiated, Grade 1V 7 648.28 U/ml
Stage IV 3 524.33 U/ml

Table 6: Spearman analysis between CA125 and histopathological characteristics

CA125
Spearman's rho | CA125 | Correlation Coefficient 1
Sig. (2-tailed) .000
N 39
Grade | Correlation Coefficient | .684"
Sig. (2-tailed) .000
N 39
Stage | Correlation Coefficient | .756
Sig. (2-tailed) .000
N 39
Discussion different histological subtypes, but also appears in the
Epithelial ovarian carcinoma is a highly heterogeneous carcinogenesis pathways (24, 25). EGFR-targeted therapy
cancer with divergent clinical characteristics. This drugs like Cetuximab and Trastuzumab, which are already in

heterogeneity is not only reflected in the occurrence of the use for treatment of NSCLC and metastatic CRC, lead to
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a better prognosis and have recently been suggested as
potential treatments for ovarian cancer because of the
overexpression of EGFR in ovarian cancer (26). However,
not all ovarian cancer patients have equally respond to these
targeted treatments (24, 27). Considering the key role of k-
ras mutation in EGFR signaling pathway, detecting of k-ras
mutations in ovarian carcinoma should stand in the center of
attention again, owing to the role of k-ras mutation as a
predictive biomarker in poor response to anti-EGFR
monoclonal antibody therapies (3, 6, 14, 28, 29).

Each of the histologic subtypes of EOC (epithelial
ovarian carcinoma) is dependent on a divergent cell
signaling pathways alterations. EOC is divided into two
types, some of the tumors that are called Type | derived from
borderline tumors including low grade serous and mucinous
tumors which have high frequency mutations in k-ras,
CTNNB1, PTEN, PIK3CA, BRAF, ERBB2 (25), but some
of the tumors that are called Type IlI, derived from
intraepithelial pathological cells in the fallopian tube and are
characterized by TP53 mutations. Malignant epithelial
ovarian  carcinomas are divided into  various
histopathological subtypes containing endometrioid, clear
cells, serous and mucinous, among these subtypes, the serous
and mucinous subtypes are the most common types (30).

In our study, k-ras mutations were found in 30% of
mucinous malignant tumors and in 2.12% of serous tumors.
The results demonstrate a frequency of k-ras mutation
similar to previous reports (6, 31-33) indicating the fact that
k-ras mutations are commonly detected in low-grade
mucinous carcinomas. These findings suggest that these
changes may represent an early genetic alteration involved in
the carcinogenesis of ovarian epithelial cells. The association
of the k-ras mutation with mucinous tumors suggests that it
plays a role in maintaining the mucinous differentiation
pathways of ovarian epithelial cell (34). In a more recent
study, researchers have detected that k-ras mutation is highly
frequent in mucinous ovarian carcinomas as these mutations
also accumulate in mucinous carcinomas obtained from
other organs (35, 36). The results of our study indicated that
k-ras mutation is significantly associated with differentiation
grade and staging. In line with the previous consideration,
we found a strong correlation between k-ras mutations and
well-differentiated carcinomas (2, 31, 34, 37).

K-ras mutations have a high frequency in cancer tissues
with FIGO I-11 clinical stages, significantly but not in FIGO
I11-1V stages, hence most of the carcinomas with k-ras point

mutations were in early clinical stages may indicate that k-
ras mutations commonly occur as an early event in the
development of carcinogenesis (2, 38). The circulating
CA125 tumor marker is an antigenic determinant encoded by
the MUCL16 gene, which is expressed by epithelial ovarian
tumors and various other pathological forms (39, 40). It is
diagnosed by the monoclonal antibody OC125, which reacts
with glycosylation-dependent antigens (41). CA125 is the
best ovarian cancer early detection marker to date and the
results of our study showed an association between CA125
levels and histopathological characteristics of tumors. These
findings were consistent with several previous studies (42,
43). Jiang et al. described that serum CA 125 levels are
relevant prognostic factors in cases of ovarian carcinoma
(22) and reports that postoperative serum CA 125 levels are
correlated with staging, cell differentiation and survival rate
in cases of ovarian carcinoma (43).

In conclusion the results of this study indicated that K-
ras mutation is a common event in ovarian carcinoma and
more frequently present in carcinoma of mucinous histotype
and lower FIGO stage. K-ras mutations could emerge as a
pivotal factor for individually tailored anti-EGFR therapies.
In addition, our conclusive results demonstrate correlation
between Cal25 tumor marker titers and some of
histopathological characteristics of ovarian carcinoma. The
measuring of the CA125 tumor marker concentration in the
serum of patients with ovarian cancer might be helpful for
determining the grading and staging of the tumors and could
be exploited for managing pharmaceutical treatment
procedures.
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