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ABSTRACT

Triple negative breast carcinoma is defined by the absence of oestrogen receptor (ER) and progesterone receptor
(PR) expression and the lack of HER2 gene amplification. It comprise 10-17 % of all breast cancers. Though EGFR
gene mutaion is rare in triple negative breast cancers, 47-70 % expressed EGFR protein. PIK3CA mutation is a
frequent event in breast cancers. We aim to investigate EGFR, KRAS and PIK3CA mutation in triple negative breast
carcinomas by pyrosequencing and compare the results with hormone receptor positive and HER2 overexpressed
breast carcinomas which were identified by immunohistochemistry. No mutations in Exon 18, 19, 20 and 21 of
EGFR gene were detected in all groups. KRAS mutation was identified in only one case. PIK3CA mutations were
detected in 9 of TNBC ( 23.7 %), 5 of hormone receptors positive, HER2-negative tumors (50 %) In HER2-positive
tumors, no mutations were detected in PIK3CA gene. Our results revealed that PIK3CA inhibitors might be a new
candidate in the targeted treatment of triple negative breast cancers that were resistant to chemotherpy. These
results should be supported by large series with survival analysis.
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INTRODUCTION

Breast cancer is the most cancer in women anditatest 23 % of women cancers (1). Breast cancedlitesent
subgroups according to different gene expressittiene that affect treatment and also tumor proignd$e group
called as triple negative involves breast carcirmméhout estrogen receptor (ER), progesteroneptecgPR)
expression and “human epidermal growth factor 2ER2) gene amplification. Triple negative breastcean
(TNBC) constitutes 10-17 % of all breast cancensese tumors are mostly observed in women with BRZA1
mutation carriers at a younger age (<50 years),aadesistant to the chemotherapy used, have aggeessive
clinical course and poor prognosis (2).

Genomic studies carried out in TNBCs aim to targéteatments in these tumors. No specific molecadgnt has
been found in the treatment yet (3). In triple rizgetumors, the overexpression of epidermal grofatiior receptor
and the hyperactivation of MEK/ERK signaling patlyae observed, and these types of tumors shovitiségs
against DNA damaging agents (4). One of them isplanum compounds. Another agent is poly (ADPpse
polymerase | (PARP1) inhibitors. Cells with defeittBRCA genes provide their genomic integrity degieag on
PARPL1. Therefore, PARP1 inhibition can lead to celath (5). Also, the cell cycle regulator whichcaled as
MTOR and the protein playing role in the lower staf PIK3CA/PTEN/AKT signaling pathway are pointad

target in triple negative tumors. PTEN losses thatl to an increase in AKT and mTOR activation tiexatly take
place in triple negative tumors. Therefore, agesutsh as everolimus (Novartis) and temsirolimus (ihyéom

MTOR inhibitors have begun to be tested in thes®ta (2).

Although activating mutations in the EGFR generare in triple negative tumors, EGFR expressioobiserved in
approximately 45-70% of them (6). Cetuximab (MeB8#rono), a monoclonal antibody developed againstFEG
also has been tested in metastatic triple negativeples (7).

The signal transduction which begins by the bindiidgeGF protein to its receptor, EGFR, is transmitto the
nucleus through HRAS, NRAS and RRAS protein inalgdKRAS, and proliferation and differentiation sigs
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have been given to cell. KRAS gene mutations lded to continuous activation have been determinetifferent
types of cancers. It affects the response to chesmapy particularly in colon cancers, and the preseof the
mutation is correlated with the resistance (8).cBam-Munoz et al scanned most common seven KRA® gen
mutations by using real-time PCR method in 35 ¢rip¢gative breast cancers, and observed no ch@hge (

Another target of research in recent years is tiesphoinositide-3 kinase (PIK3CA) pathway. PIK3d4nsling
pathway is activated by binding of growth factorsligands to receptor tyrosine kinases. There are hot-spot
regions for PIK3CA gene mutations: one of them; B#64nd E542K in helical domain in exon 9, and ttieeoone;
H1047R amino acid changes in kinase domain in &The incidence of these mutations in breasteranearies
between 20-25 % by tumor subtypes. PIK3CA mutatieasl to resistance to anti-HER2 agents used atrtrent
(9). Therefore, investigation of PIK3CA gene muias is important in tumors without particular treant protocol
such as TNBCs.

In our study, we aimed to screen the EGFR (exonl2820, 21), KRAS (codon 12, 13, 61) and PIK3CAd@n
540-546 in exon 9 and codon 1042-1049 in exon 2Bkgnutations in 38 TNBC by pyrosequence methosb fdr
the comparison of results, the same mutations masstigated in 10 hormone receptor (HR) positivd BIER-2
positive cases, 10 HR negative, HER-2 positive casel 10 HR positive and HER-2 negative casesrdated by
immunohistochemistry.

MATERIALS AND METHODS

Tumor tissue selection

Invasive breast carcinomas which were diagnosedveset 2006-2011 in our institution were used. The
histopathological findings of these cases (tumae,stumor type, tumor grade, lymph node involvemevire
obtained from the Pathology archive. ER, PR and BiERta which were determined by immunohistochemical
method during the first diagnosis, were used. Jkeight invasive breast carcinomas evaluated pletriegative, 10
ER and/or PR positive, HER2 negative, 10 ER anBRrpositive, HER2 positive and 10 ER and/or PR tiregia
HER?2 positive carcinomas were included in the stistymolecular analysis. Tumors were classifieduasinal A
when ER and/or PR positive, HER2 negative; lumBiakhen ER and/or PR-positive, and HER2 positive R2E
positive when ER and/or PR negative and HER2 p@siti

DNA Isolation from Formalin Fixed Paraffin Embedded Tissues:

Ten micron thick section was directly taken frone tlumor blocks with 80% and more tumor area andinot
sterile 2 ml. centrifuge tube. For DNA isolationNB isolation kit (Qiagen) for the paraffin-embeddigssue was
used. QIAmp DNA FFPE tissue kit (Qiagen, Hildenri@any) deparaffinization of the tissue was ensuaed, 180
ul ATL Buffer and 20 pl Proteinase K were addedimmtissue in the centrifuge tube for lysis phdiseas left in
incubation for 16-18 hours at 86 during the night. The following day, the centgéutubes containing the tissue
lysis were hold for 15 minutes heat block adjugte®5°C. Irrigation solutions and subsequently elutiolusons
were added on the tissue lysis, and elution of DiNthe colon was ensured and DNA was stored afG20

Therascreen® KRAS Pyro® Kit was used to determine @ssible mutations in KRAS gene Codon 12, 13 and
61

The Therascreen® KRAS Pyro® Kit (QIAGEN) was useghnifacturer’s instructions. Briefly, 25 pl PCR réac
was made for both Codon 12/13 and Codon 61. FoP@R reaction, 5 ng DNA was used for per reactidihe
target regions were amplified using following cdiutis; One 15-minutes cycle at 96 followed 42 cycles of,
respectively, 20 seconds at 95, 30 seconds at S, 20 seconds at 7Z and finally cycle of 5 minutes at 7.
Unmethylated Control DNA was used as a positivetrobior PCR and sequencing reactions. The prepR@ER
reaction was placed into the PCR device (2720 Thkr@ycler, Applied Biosystems). Subsequently,
pyrosequencing analysis was performed for both @dd$13 and Codon 61.

Therascreen EGFR Pyro Kit was used to determine paghle mutations in Exon 18, 19, 20 and 21 in EGFR
gene.

The Therascreen® EGFR Pyro® Kit (QIAGEN) was usexhufacturer’s instructions. Briefly, genomic DNA sva
amplified in 4 separete PCR reactions with spegifimers for each of EGFR hot spots regions whighexons 18
(codon 719), 19, 20 (codon 768 and 790) and 21ofa®@58-861). For the initial PCR reactions, 5 MgADvas per
reaction. The cycling parameters included an initdivations step for 15 minutes 85, followed by 42 cycles of
20 seconds at 9%, 30 seconds at 5C, and 20 seconds at 72, followed by final extension of 5 minutes at°2
Unmethylated Control DNA was used as a positivetrobior PCR and sequencing reactions. The prepR@R
reaction was placed into the PCR device (2720 Thkr@ycler, Applied Biosystems). Subsequently,
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pyrosequencing analysis was performed in 5 sepaeaietions (Codons 768 and 790 are sequenced aratep
pyrosequencing reactions.)

Therascreen PIK3CA Pyro Kit was used to determine pssible mutations in Codon 542-546 and Codon 1042-
1049 in PIK3CA gene.

The Therascreen® PIK3CA Pyro® Kit (QIAGEN) was use@dnufacturer’s instructions. Briefly, 25 pl PCR
reaction was made for both Codon 542-546 and Cd@di2-1049. For the PCR reaction, 5 ng DNA was dsed
per reactions. The Codon 542-546 and Codon 1049-1@2fe amplified using following conditions; One-15
minutes cycle at 98C followed 42 cycles of, respectively, 20 second8%=’C, 30 seconds at 5, 20 seconds at
72 °C and finally cycle of 5 minutes at 7€. Unmethylated Control DNA was used as a positivetrol for PCR
and sequencing reactions. The prepared PCR reas@snplaced into the PCR device (2720 Thermal Cycle
Applied Biosystems). Subsequently, pyrosequencimyais was performed for both Codon 542-546 ando@o
1042-1049.

Pyrosequence Stage:

The pyrosequencing analysis was performed accotdinbe manufacturer’'s recommendations for Pyronga24d
KRAS, EGFR and PIK3CA v2.0 assays. 10 pl of bidgéibeled amplicons are immobilized on Streptavidin
Sepharose® High Performance beads (GE Healthc@seat®way, NJ.). The purified amplicons attachedht®
beads were washed and denatured to single stramdsding to manufacturer instructions with the wsethe
PyroMark Q24 Vacuum Workstation (QIAGEN). Subsedlyenthe beads were added to the pyrosequencing
primers. PyroMark Gold 96 Reagents (QIAGEN) coritagjrenzyme and substrate mixture, dATP, dCTP, d&idP
dTTP were used. Pyrosequencing was performed orPyneMark Q24 Instrument (QIAGEN). PyroMark Q24
version 2.0.6 software, which identifies the presenf a specific mutation and its percentage, wsed ufor
analyzing of pyrosequencing results. Accordingdfivgare, for the mutational analysis, a requiredipbeights for

the “passed” quality is 30 relative light units Land for the “check” quality is 10 RLU. Sampleghwlow
mutation rate or with “check” quality peak heightgere analyzed to a second round PCR reaction and
pyrosequencing analysis with Unmethylated ContidiAD

RESULTS

Among 68 invasive breast carcinomas included irsthdy 39 were classified as ductal, 1 as lobuldr28 as other
subtypes. Sixteen (42%) of triple negative invasigecinomas were evaluated as Basal-like breasincanas that
had positive staining with basal keratins CK 14 @iK5/6 and EGFR by immunohistochemical methode Eif’the

Basal-like carcinomas were diagnosed as Metapléatienosquamous) carcinoma. Distribution of tripbgative

tumors according to subtypes is given in Table 1.

In the study, invasive breast carcinomas were ifledsy ER, PR positivity and HER2 expression deieed by
immunohistochemical method. They were classifiedERsand/or PR positive, HER2 negative tumors Luimika
ER and/or PR positive, HER2 positive tumors LumiBaltumors with only HER2 expression and triple atége
group with negative three indicator. HER2 positivitas performed according to "The ASCO / CAP HER2tihg
Guideline". The histopathological features of theabrs are summarized in table 2.

Table 1. Distribution of Triple Negative Breast Carcinomas by their histopathologic subtypes

Tumor type 38 (%)
Bazal like carcinoma 11 (29)
Metaplastc carcinoma 5 (3
Invaziv ductal carcinoma 16 (42)
Clear cell carcinoma 1 (2

Carcinoma with neuroendocrinefeatures | 1 (2)
Carcinoma with apocrinedifferentiation 1 (2
1
1

Mucinous carcinoma (2)
Polimorphous carcinoma (2)
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Table 2. Histopathological Features of the tumors

Histopathologic types (68) N (%)
Ductal 39 (57.3)
Lobular 1(1.5)
Other 28 (41.2)
Histologic grade

1 11 (16.2)
2 19 (27.9)
3 38 (55.9)
Tumor size

<2cm 27 (39.7)
> 2cm 41 (60.3)
Lymph node metastasis

pNO 32 (47.1)
pN1 13 (19.1)
pN2 12 (17.6)
pN3 9(13.2)
PNXx 2(2.9)
ER and/or PR _and HER2 Status

Luminal A 10 (14.7)
Luminal B 10 (14.7)
HER 2 (+) 10 (14.7)
Triple negative 38 (55.9

KRAS mutation was found only in one case in thplérinegative group with the diagnosis of invasipeaine
carcinoma. G12D (Gly12Asp; GGT>GAT) mutation was@tved in this tumor (Figure 1).

C8& GNTGRCGTAGGETA

A 0% C: 99%
G: lO0% T: 1%

I ]
T a < G oA C T C oA G T C G T A 5 T C
= 10 13

Figure 1: G12D (Gly12Asp; GGT>GAT) mutation in KRAS gene Codon 12

EGFR mutation was not observed in any group.

Although PIK3K mutation was not observed in HER3ifise tumors, it was observed in Luminal A, B gosuand
TN group. In 9 of triple negative carcinomas (24EK, 1: E54K, 5: H1042R and 1: M1043I mutation)3imf ER
and / or PR positive also HER2 positive group (248K, 2: H1047R mutation), in 5 of ER and / or Pé%ifive,
HERZ2negative group (2: E545K, 1: H1047L, 1: H104aml, both E542K and M1043l in 1 tumor) (Table 3-5)
(Figure 2-4).
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Table 3 PIK3CA mutation in tumors with positive hormone and HER2 negative

PIK3CA (540-546 kodonlari) PIK3CA (1042-1049 kodonlari)
1 | NEGATIVE NEGATIVE
2 | NEGATIVE NEGATIVE
3 | codon 545: GAG>AAG: E545K (T:%25, C:%73) | NEGATIVE
4 | NEGATIVE codon 1047: CAT>CTT: H1047L (A:%25, T:%75)
5 | codon 542: GAA>AAA: E542K (T:%23, C:%75) | codon 1@3: CAT>TAT: M1043I (T:%21, C:%76)
6 | NEGATIVE NEGATIVE
7 | NEGATIVE NEGATIVE
8 Kodon 545: GAG>AAG: E545K (T:%12, C:%87) | NEGATIVE
9 | NEGATIVE Kodon 1047: CAT>CGT:H1047R (C:%28, T:%69)
10 | NEGATIVE NEGATIVE
Table 4. PIK3CA PIK3K mutation in tumors with positive hormone receptors and HER2 positive
PIK3CA (540-546 kodonlari) PIK3CA (1042-1049 kodonlari)
1 NEGATIVE NEGATIVE
2 NEGATIVE NEGATIVE
3 NEGATIVE NEGATIVE
4 | NEGATIVE NEGATIVE
5 codon 545: GAG>AAG: E545K (T:%34, C:%64) | NEGATIVE
6 | NEGATIVE codon 1047: CAT>CGT: H1047R(C:%32, T:%68)
7 | NEGATIVE codon 1047: CAT>CGT: H1047R ( C:%7, T:%93)
8 NEGATIVE NEGATIVE
9 NEGATIVE NEGATIVE
10 | NEGATIVE NEGATIVE
Table 5. PIK3K mutations in triple negative tumors
PIK3CA (540-546 kodonlari) PIK3CA (1042-1049 kodonlarr)
1 | NEGATIVE NEGATIVE
2 | NEGATIVE NEGATIVE
3 | NEGATIVE codon 1043: CAT>TAT: M1043I ( T:%8, C:%91)
4 | NEGATIVE NEGATIVE
5 Kodon 542: GAA>AAA: E542K (T:%12, C:%87) | NEGATIF
6 | NEGATIVE NEGATIVE
7 | NEGATIVE NEGATIVE
8 | NEGATIVE NEGATIVE
9 codon 542: GAA>AAA: E542K (T:%23, C:%76) | NEGATIVE
10 | NEGATIVE codon 1047: CAT>CGT:H1047R (C:%10, T:%89)
11 | NEGATIVE NEGATIF
12 | NEGATIVE NEGATIF
13 | NEGATIVE NEGATIVE
14 | NEGATIVE NEGATIVE
15 | NEGATIVE NEGATIVE
16 | NEGATIVE NEGATIVE
17 | NEGATIVE Kodon 1047: CAT>CGT: H1047R (C:%13, T:%87)
18 | NEGATIVE NEGATIVE
19 | NEGATIVE NEGATIVE
20 | NEGATIVE (codon 1047: CAT>CGT: H1047R (C:%58, T:%41)
21 | NEGATIVE codon 1047: CAT>CGT: H1047R (C:%26, T:%74)
22 | NEGATIVE NEGATIVE
23 | NEGATIVE NEGATIVE
24 | NEGATIVE NEGATIVE
25 | NEGATIVE NEGATIVE
26 | NEGATIVE NEGATIVE
27 | NEGATIVE NEGATIVE
28 | NEGATIVE NEGATIVE
29 | NEGATIVE NEGATIVE
30 | NEGATIVE NEGATIVE
31 | NEGATIVE NEGATIVE
32 | NEGATIVE NEGATIVE
33 | NEGATIVE NEGATIVE
34 | codon 545: GAG>AAG: E545K (T:%49, C:%49) | NEGATIVE
PIK3CA (540-546 kodonlari) PIK3CA (1042-1049 kodonlari)
35 | NEGATIVE NEGATIVE
36 | NEGATIVE NEGATIVE
37 | NEGATIVE codon 1047: CAT>CGT: H1047R (C:%15, T:%85)
38 | NEGATIVE N NEGATIVE
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RS CTRCTBAGTGATTTRBAGAGA

C: 0% C: 98% C: 8%
G: 97% G: E% G: 1%
T: 3% T: 0% T: 17%
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Figure 2: . PIK3CA mutation in triple negative breast cancer Codon 542: GAA>AAA: E542K (T: 11%, C: §%)

Bl CTEBCTBAGTGA BAGAGA

Figuer 3: PIK3CA mutation in Luminal A breast cancer:E542K (GAA>AAA) (T:%23, C:%76)

AL BATGAHGTGCATCATTHAYTTGT

C: TE# A: B% A: 0%
2% C: 0% C: 1o0% | C: 0%
T: 21% T: 93% T: 0% T: 100#

| bl e b L1 il
A C G T A T CAG AT OCA GT G C AT C A T C A C TG
=] 10 15 z0 25

Figure 4: Double PIK3CA mutation in Luminal A breast cancer
M1043 ( CAT>TAT) (T:%21, C:%76)
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PIK3CA mutation was most commonly observed in harenceceptor positive group. Also, in triple negativmors
23.7% mutation was detected. Statistically sigaifiicdifference was observed between the incideoE&K3CA
mutation in low-grade (grade 1-2) and hormone rewgepositive tumors and tumors with high-grade @) and
HER2 expression (p< 0.05) ( Table 6).

Table 6.Correlation of clinicopathologic parameters with RK3CA mutation

Histologic type (68) N (%) PIK3CA
MUTATION P*
(%)
Ductal 39(57.3%) 12 (30.8 %) -
Lobular 1(1.5%)
Other 28 (41.2 %) 5(17.8 %)

Histological grade

1-2 30 (44.1%) 12 (40.0 %) 0.011
3 38 (55.9 %) 5(13.2 %)
Tumor size
? 2cm 27(39.7%)  10(37.0 %) 0.033
>2cm 41 (60.3 %) 6 (14.6 %)

Lymph Node metastasis
pNO- pN1 45 (66.2 %) 10 (22.2 %) 1.000
pN2- pN3 21 (30.9 %) 5(23.8 %)

Hormone receptor status/HER2 Status

Luminal A-B 20(29.4%)  8(40.0%) 0.056
HER 2 (+) 10 (14.7 %) 0
Triple negative 38 (55.9 %) 9(23.7 %)
DISCUSSION

Breast carcinomas involve a heterogeneous grouprtwith different clinical behaviors and responsdreatment.
Breast tumors were grouped according to the siitidarin gene expression profiles in the study efde et al for
the first time (10). Although Basal-like carcinomasd triple negative tumors do not overlap onere o this
grouping, they have many similar molecular and rholpgical features. Their aggressive clinical bétwesvand
resistance to chemotherapy used are similar. TNB€seen by 15% (11). Also, TNBCs are heterogengoaup
with different molecular features as well as regmanto the treatment (12). The possibility of teedeherapy will
be increased by determination of these moleculufes in different subgroups of TNBCs.

In our study, with this purpose, EGFR, KRAS and B0 mutations, previously determined in other cawoias
and some targeted therapy agents had been develgpedxamined in TNBCs.

KRAS mutation is a genetic change which is foundhezmny cancers and has importance for the targatntent. In

our study, G12D (Gly12Asp; GGT>GAT) mutation in KBAgene codon 12 was observed in only one of the
TNBCs. KRAS mutation was not detected in luminahid luminal B type carcinomas. Sanchez et al didiatect
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any mutations in their study of 35 TNBCs (8). KRAfitation is rarely observed in breast carcinom&3. (b the
study carried out by Santarpia et al on fine needlgration material of 267 stage I-1ll breast gavmas, KRAS
mutation was observed by 1.5 % (14). KRAS mutatieass not found in the study of Grob et al in which
HER2(exon18-23), EGFR(exon 18-21), KRAS (exon 2 BRAF(exon 15) mutations were examined in 65 éripl
negative breast carcinomas by sequence analysiothél5). rs61764370 T>G variant allele in 3JUTRKRAS
gene has been recently reported in hereditary avamd breast cancer patients. Hollestelle etabst this KRAS
variant was more in BRCA1 carriers (23.5%). Howetiee effect of this finding on breast cancer depeient was
not observed (16). In our study, patients were ingestigated in terms of BRCAL1 / 2 gene mutationsoA
Paranjabe et al examined the same KRAS varianténcie in 415 breast cancers including 140 TNBCd,thay
detected the KRAS variant association in tripleateg carcinomas in premenopausal women (17). éir gtudy,
Cerne et al reported that this variant was not@ate with familial breast cancer, it was assedatith HER2
positive and poorly differentiated carcinomas (18)another study, KRAS codon 12 mutation was olebas 7.7
% in triple negative breast carcinomas, as 2 %imial A, as 20 % in luminal B and as 17.4 % in 26R0sitive
tumors of 116 breast cancer patients receiving djagant chemotherapy (19). In another study in Wi@ncoCarta
panel was used, KRAS mutation was observed onnacase (0.9 %) in triple negative tumors (20)un study,
in accordance with the previous studies, it wasepledl that KRAS mutation was a very rare molecalange in
breast carcinomas.

EGFR protein over expression is found in TNBCsrynunohistochemical method (6). However, EGFR atitiga
mutations were not detected in none of the casesristudy. Also in other studies, EGFR mutatiors wat shown
or observed at very low rate in TNBCs (15,21,20,8#ly in the study of Teng et al, EGFR activatmgtations
were reported in 70 (11.4%) of 653 TNBCs (21). THiference was thought to be based on the populati
characteristics studied (22). In many studies itigang the EGFR gene amplification, it was dezdatspecially in
TNBCs (23,24-27). The increase in EGFR protein esgpion was based on the increase in gene copy nuather
than the activated mutations. It was stated thaFEE@hibitors could be used in the targeted theriapyNBCs
depending on EGFR gene amplification (4). In thelgtinvestigating the EGFR protein over expressgmme copy
number and mutation; 64 % protein overexpressidéh,%3 gene copy number increased and 3% EGFR gene
mutation were reported in triple negative tumotsvds emphasized that EGFR gene amplification vsas@ated
with poor prognosis and could be used as prediafize in triple negative carcinomas (26,28). In study,
mutation of EGFR gene was not examined. Howevesedan the literature data, it is believed thatdéeection of
EGFR gene amplification by using FISH analysis| ad useful in the targeted therapy of these tumors

In our study, PIK3CA mutation was more frequentbtatted in breast carcinomas of luminal A and Betwyth
small size and low histological grade. In triplegative carcinomas, mutation was detected in 9 oftudBors
(23.7%). Mutation was not observed in any HER2 tpasitumor group. Mutations in PIK3CA oncogene tre
most commonly detected mutations in breast can28f4Q %) (29,30). PIK3CA mutation is reported to be
associated with ER positivity in the studies (18,32-33). In recent studies, Lehmann BD at al identified that a
TNBC subtype that has a luminal

phenotype and expresses the androgen receptor (AR)INBC cells derived from these luminal AR + tum
have high frequency PIK3CA mutations (34). Thernythsing AR + TNBC cell line and xenograft modelgyh
evaluated the effectiveness of phosphoinositidénd8de (PI13K) inhibitors, used alone or incombinatath an AR

antagonist, on tumor cell growth and viability Thiérey explored the combination of AR antagonism Bh8K

inhibition and found an additive or synergisticeeff on AR + TNBC cell growth (35)These results padewationale
for pre-selection of TNBC patients with a biomarkAR expression) to investigate the use of AR ammégts in

combination with PISBK/mTOR inhibitors. These datapde the design of a combination therapy, thst firial in

which TNBC patients were divided based on a biomafAR expression) and then to investigate theais&R

antagonists in combination with PISK/mTOR inhibgor

In the study carried out by Aleskandarany et aK3@A expression was observed to be associated patr

prognostic data such as high histological gradeelaumor size and lymphovascular invasion. Thesealts are
controversial to our finding of PIK3CA mutation $mall size and low grade tumors. This was thouglteippend on
the the small number of our patients. The diseese-gurvival period was observed to be shortehése patients
(36-37).

In another study, p53 mutation was reported toheenbost frequent in TNBCs, and secondly PIK3CA miora

with 10.7% (38). It is stated that PI3K inhibitarzan also be used in TNBC in addition to chemotheutip agents
known in the targeted therapy (37-39).
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CONCLUSION

KRAS mutation was detected only in one triple nagatcarcinoma. EGFR mutation was not detected i an
carcinoma in our study similar to other studieK3TA mutation was most frequently observed in luahitype
breast carcinomas containing hormone receptor,sandndly it was observed less frequently in TNBRIK3CA
mutation was observed in hone of the HER2 positareinomas. The addition of PI3CA inhibitors in theatment

of TNBCs will have a positive contribution in th&BC cases with PIK3CA mutation. Future studiesanfié series
with survival analysis should be carried out topup this finding.

Acknowledgement
This study was supported by Research Projectsdfikdeniz University (2011.01.0103.018).

REFERENCES

[1] Colditz, K.S. Chia, World Health Organization Clifisation of Tumours of the Breast, in: G. Coldit%,S.
Chia, Invasive breast carcinoma: Introduction aedegal features, IARC, Lyon, 2012, pp 14-17.

[2] Bosch A, Eroles P, Zaragoza R, Vifia JR, Lluch Aripl€-negative breast cancer: Molecular features,
pathogenesis, treatment and current lines of reseaancer Treatment Reviews. 2010;36:206-215.

[3] Reis-Filho JS, Tutt AN.Triple negative tumors:&icél review. Histopathology 2008; 52:108-118.

[4] Oliveras-Ferraros C, Vazquez-Martin A, Lépez-BoBetMartin-Castillo B, Del Barco S, Brunet J, Menend
JA. .Growth and molecular interactions of the &@EFR antibody Cetuximab and the DNA cross-linkirgprat
cisplatin in gefitinib-resistant MDA-MB-468 cellsé\v prospects in the treatment of triple-negativedbéike breast
cancer. International journal of Oncology 2008;13®%5-1176.

[5] Santana-Davila R, Perez EA. Treatment options fatiepts with triple-negative breast cancer. Jouwtfal
Hematology and Oncology 2010; 3:42.

[6] Nielsen TO, Hsu FD, Jensen K, Cheang M, Karaca @, Z] et al. Immunohistochemical and clinical
characterization of the basal-like subtype of invadreast carcinoma. Clin Cancer Res 2004;10(36y54

[7] O'Shaughnessy, J.; Weckstein, D. J.; Vukelja, ;SetJl. Preliminary results of a randomized phdsgudy of
weekly irinotecan/carboplatin with or without ceitorab in patients with metastatic breast cancera8r€ancer
Res Treat. 2007;106(Suppl.1)S:32.

[8] Sanchez-Mufioz A, Gallego E, de Luque V, Pérez-RiMasVicioso L, Ribelles N, et al. Lack of evidenoé
KRAS oncogenic mutations in triple negative breastcer. BMC Cancer. 2010; 10:136.

[9] Baselga J. Targeting the phosphoinositide-3 (Pi8ade pathway in breast cancer. The Oncologist 2011
16(suppl 1):12-19.

[10]Perou CM, Sgarlie T, Eisen MB, van de Rijn M, Jeff®S, Rees CA.,et al. Molecular potrait of humagalst
tumours.Nature 2000; 406: 747-52.

[11]Foulkes WD, Smith IE, Reis-Filho JS. Triple-negathreast cancer. N Engl J Med. 2010; 363(20):19388 1
[12]Prat A, Adamo B, Cheang MC, Anders CK, Carey LA:d@eCM. Molecular characteriztion of basal-like and
non-basal like triple negative breast cancer. Thealbgist. 2013; 18: 123-33.

[13]Karnoub AE, Weinberg RA.Ras oncogenes:split ped#@s Nat Rev Mol Cell Biol. 2008; 9(7):517-531.
[14]Santarpia L, Qi Y, Stemke-Hale K, Wang B, Young Bapser DJ, Holmes FA, et al.. Mutation profiling
identifies numerous rare drug targets and distimgtation patterns in different clinical subtypesboéast cancers.
Breast Cancer Res Treat. 2012;134(1):333-43.

[15]Grob TJ, Heilenkétter U, Geist S, Paluchowski PJK&/iC, Jaenicke F, et al. Rare oncogenic mutatmns
predictive markers for targeted therapy in tripksative breast cancer. Breast Cancer Res Tredt; PRU(2):561-7.
[16]Hollestelle A, Pelletier C, Hooning M, Crepin E,Hbitte M, Look M, et al. Prevalence of the variatkla
rs61764370 T>G in the 3'UTR of KRAS among Dutch BRIC BRCA2 and non-BRCA1/BRCA2 breast cancer
families. Bresat Cancer Res Treat. 2011; 128:79-84)

[17]Paranjape T, Heneghan H, Lindner R, Keane FK, Haffm, Hollestelle A, et al. A 3’-untranslated regio
KRAS variant and triple-negative breast cancerageccontrol and genetic analysis. Lancet Oncoll1 2214):377-
86).

[18]18. Cerne JZ, Stegel V, Gersak K, Novakovic S. ISRA861764370 is associated with HER2-overexpdesse
and poorly differentiated breast cancer in hormmmacement therapy users: a case control studyC BMincer
2012; 12:105.

[19]Pereira CB, Leal MF, de Souza CR, Montenegro R, J® Carvalho AA, et al. Prognostic and predictive
significance of MYC and KRAS alterations in breaahcer from women treated with neoadjuvant chemage
PLOS.ONE 2013; 8(3): e60576

[20]Tilch E, Seidens T, Cocciardi S, Reid LE, ByrneSimpson PT, et al. Mutations in EGFR, BRAF and R&S
rare in triple-negative and basal-like breast cemcfom Caucasian women. Breast Cancer Res Treat.
2014;143(2):385-92.

103



Erdogan Get al Int J Med Res Health Sci. 2016, 5(3):95-104

[21]Jacot, William; Lopez-Crapez, Evelyne; Thezenasnd®i, et al. Lack of EGFR-activating mutations in
European patients with triple-negative breast cacelld emphasise geographic and ethnic variationgreast
cancer mutation profiles. Breast Cancer Res. 2@[&)1R133.

[22] Teng YH, Tan WJ, Thike AA, Cheok PY, Tse GM, Won§,Nt al. Mutations in the epidermal growth factor
receptor (EGFR) gene in triple negative breast eamossible implications for targeted therapy.&3teCancer Res.
2011; 13:R35

[23]Toyama T, Yamashita H, Kondo N, Okuda K, Takah&hBasaki H, et al. Frequently increased epidermal
growth factor receptor (EGFR) copy numbers andelsad BRCAL mRNA expression in Japanese tripletivega
breast cancers. BMC Cancer. 2008; 8:309.

[24]Reis-Filho JS, Pinheiro C, Lambros MB, Milanezidarvalho S, Savage K, et al. EGFR amplification ot

of activating mutations in metaplastic breast ¢wwias. J Pathol 2006; 209: 445-53.

[25]Hohensee |, Lamszus K, Riethdorf S, Meyer-Staegkiy Glatzel M, Matschke J, et al. Frequent genetic
alterations in EGFR- and HER2-Driven pathways alst cancer brain metastases. Am J Pathol 201383835).
[26]Park HS, Jang MH, Kim EJ, Kim HJ, Lee HJ, Kim Yd,a High EGFR gene copy number predicts poor
outcome in triple negative breast cancer. Mod R&@d4; 27(9):1212-22.

[27]1Ryden L, Jirstrom K, Haglund M, Stal O, Fernd Mpidiermal growth factor receptor and vascular erglah
growth factor receptor-2 are specific biomarkerstriple —negative breast cancer. Results from atroted
randomized trial with long-term follow-up. Breasat@er Res Treat. 2010; Apr;120(2):491-8

[28]Hoadley KA, Weigman VJ, Fan C, Sawyer LR, He X, 8ster MA, et al EGFR associated expression profiles
vary with breast tumor subtype. BMC Genomics 2@Z258

[29] Cizkova M, Susini A, Vacher S, Cizeron-Clairac GQ)dhieu C, Driouch K, et al. PIK3CA mutation impawst
survival in breast cancer patients and in,ER and ERBB’-based subgroups Braest Cancer Rés2at?;14;R28
[30].Banerji S, Cibulskis K, Rangel-Escareno C, BrowK, ICarter SL, Frederick AM, et al. Sequence analysi
mutations and translocations across breast canbgmes. Nature 2012; 486: 405-9

[31] Michelucci A, Di Cristofano C, Lami A, Collecchi, RCaligo A, Decarli N, A et al. PIK3CA in breast
carcinoma Diagnos Mol Pathol 2009; 18(4): 200-5

[32] Glénisson M, Vacher S, Callens C, Susini A, Cine@airac G, Le Scodan R, et al. Identificationnafw
candidate therapeutic target genes in triple-negdaieast cancer. Genes & Cancer 2012; 3(1): 63-70

[33] Saal LH, Holm K, Maurer M, Memeo L, Su T, Wang &, al. PIK3CA mutations correlate with hormone
receptors, node metastasis and ERBB2, and are iyuexalusive with PTEN loss in human breast caooia.
Cancer Res 2005; 65: 2554-59.

[34] Lehmann BD, Bauer JA, Chen X, Sanders ME, ChaktiayaAB, Shyr Y, et al. Identification of humangte-
negative breast cancer subtypes and preclinicaletacfbr selection of targeted therapies. J Clinebiv2011;
121:2750-2767.

[35] Lehmann BD, Bauer JA, Schafer JM1, Pendleton GBgJL et al. PIK3CA mutations in androgen recepto
positive triple negative breast cancer confer $itgito the combination of PI3K and androgen ngtoe inhibitors
Breast Cancer Research. 2014;16:406

[36] Aleskandarany MA, Rakha EA, Ahmed MA, Powe DG|<£IlD, Green AR. Clinicopathologic and molecular
significance of phospho-Akt expression in earlyasive breast cancer. Breast Cancer Res Treat.2071407-16.
[37] Aleskandarany MA, Rakha EA, Ahmed MA, Powe DG, shaEC, Macmillan RD, Ellis 10, Green AR.
PIK3CA expression in invasive breast cancer: a hitwr of poor prognosis. Breast Cancer Res TreH;2022:
45-53.

[38] Lehmann BD, Pietenpol JA. Identification and ufgebimmarkers in treatment strategies for triple-atdge
breast cancer subtypes. J Pathol 2014; 232: 142-50.

[39]Hennessy BT, Gonzalez-Angulo AM, Stemke-Hale K,cf®hse MZ, Krishnamurthy S, Lee JS, et al.
Characterization of a naturally occuring breastceasubset enriched in epithelial-mesenchymal iiansand stem
cell characteristics. Cancer Res 2009; 69: (10)6424.

104



