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Abstract Mutationally activated protein kinases are

appealing therapeutic targets in breast carcinoma. Muta-

tions in phosphatidylinositol-3-kinase (PI3KCA) have

been described in 8–40% of invasive breast carcinomas,

and AKT1 mutations have been characterized in 1–8% of

breast carcinomas. However, there is little data on these

mutations in breast precursor lesions. To further delineate

the molecular evolution of breast tumorigenesis, samples

of invasive breast carcinoma with an accompanying in

situ component were macro dissected from formalin-fixed

paraffin embedded tissue and screened for mutations in

PIK3CA exons 7, 9, 20, and AKT1 exon 2. Laser capture

micro dissection (LCM) was performed on mutation-

positive carcinomas to directly compare the genotypes of

separated invasive and in situ tumor cells. Among 81

cases of invasive carcinoma, there were eight mutations

in PIK3CA exon 20 (7 H1047R, 1 H1047L) and four

mutations in exon 9 (2 E545K, 1 E542K, 1 E545G),

totaling 12/81 (14.8%). In 11 cases examined, paired

LCM in situ tumor showed the identical PIK3CA mutation

in invasive and in situ carcinoma. Likewise, 3 of 78

(3.8%) invasive carcinomas showed an AKT1 E17K

mutation, and this mutation was identified in matching in

situ carcinoma in both informative cases. Mutational sta-

tus did not correlate with clinical parameters including

hormone receptor status, grade, and lymph node status.

The complete concordance of PIK3CA and AKT1 muta-

tions in matched samples of invasive and in situ tumor

indicates that these mutations occur early in breast cancer

development and has implications with regard to thera-

peutics targeted to the PI3 kinase pathway.

Keywords Phosphatidylinositol-3-kinase (PIK3CA) �
AKT1 � Breast carcinoma � Carcinoma in situ �
Laser capture microdissection

Introduction

Dysregulation of pathways regulating cell signaling,

growth, proliferation, and apoptosis is central to neoplasia

and malignant transformation. It is well established that

neoplastic progression involves the acquisition of molec-

ular defects in various signaling pathways in many tumor

types [1]. While a stepwise accumulation of genetic defects

has been closely correlated with progression from colonic

adenoma to invasive carcinoma, the accumulation of spe-

cific mutations at various stages in breast carcinogenesis is

less well understood [1–5].

Phosphatidylinositol-3-kinase mutations in solid tumors

have gained increasing attention since the landmark study

of Samuels et al. [6] which revealed somatic mutations in

the phosphatidylinositol-3-kinase 110 kDa a catalytic
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subunit (PIK3CA) in one-third of tested colon carcinomas

and a smaller percentage of other carcinomas. PIK3CA is

activated by transmembrane receptor-tyrosine kinases,

including those of the epidermal growth factor receptor

(EGFR) family and is also regulated by the Ras/MEK

pathway [7–12]. Activated PIK3CA dimerizes with its

regulatory subunit, p85, and belongs to a family of lipid

kinases that phosphorylate phosphatidylinositol (4, 5)

bisphosphate (PIP2) at the 3-position to form phosphati-

dylinositol (3, 4, 5) triphosphate (PIP3). The phosphory-

lated second messenger product, PIP3, activates plekstrin

homology domain containing proteins, primarily Akt

family members at the cell membrane [8–10, 12, 13].

Activated Akt in turn activates mammalian target of

rapamycin (mTOR) and has far-reaching effects intracel-

lularly, including interaction with transcription factors,

metabolic pathways, apoptosis, angiogenesis, and others

[8, 9, 14]. Phosphatase and tensin homolog (PTEN)

antagonizes PIK3CA signaling by dephosphorylating

PIP3, and some authors have found PIK3CA activation

and PTEN dysfunction to be mutually exclusive in breast

carcinomas, though data are contradictory [15, 16].

Recently, activating mutations in AKT1 have also been

characterized [17].

PIK3CA mutations most commonly occur in exon 9

(helical domain, E542K, E545K) and exon 20 (kinase

domain, H1047R); these two exons account for over 85%

of tumor mutations [6, 10, 13, 18, 19]. Studies have doc-

umented PIK3CA mutations in 8–40% of infiltrating breast

carcinomas, [6, 7, 12, 15, 16, 18, 20–31], and this holds

across different ethnic groups with varying breast cancer

incidence [25, 28]. Some investigators have noted a

somewhat higher prevalence of PIK3CA mutation in lob-

ular as compared to ductal carcinomas [7, 23, 25, 26, 28].

Several investigators have established the somatic nature of

these mutations, as they are absent in adjacent normal

breast parenchyma [7, 15, 18, 20–23, 25, 26, 28].

Interestingly, AKT1 mutations recently identified in

breast, ovarian and colorectal carcinoma are situated in the

plekstrin homology domain (E17K), rather than in a kinase

domain [17, 31–33]. Nevertheless, these AKT1 mutations

are activating; they transform cells and induce leukemia in

nude mice [17].

Molecular studies of the role of kinase mutations in the

progression of in situ breast carcinoma to invasive carci-

noma are limited. Two PIK3CA mutations have been

reported among only 45 DCIS cases tested for PIK3CA

(6.6%) [20, 21, 28]. No AKT1 mutations were identified in

a study of 15 cases of pre-invasive disease [33]. We sought

to further characterize mutations in the protein kinases

PIK3CA, and AKT1 in breast carcinoma, and specifically to

investigate whether such mutations are already present at

the stage of in situ carcinoma.

Methods

Patients and tissues

This study was approved by the Institutional Review

Board at Oregon Health & Science University (OHSU).

The archives of OHSU Department of Pathology were

searched for invasive breast carcinoma with an accom-

panying in situ component. Consecutive cases between

2002 and 2006 were screened; cases were excluded if the

invasive tumor was represented on only one tissue block

or if the in situ component was present only in foci

intimately admixed with the invasive carcinoma, or was

too small for study. Eighty-one cases of breast carcinoma

with accompanying in situ carcinoma were selected for

study (72 ductal, 9 lobular). Tumor characteristics were

recorded, including: infiltrating carcinoma type, grade

(modified Bloom-Richardson score), size, nodal involve-

ment, and hormone status, and in situ carcinoma type and

nuclear grade (see below).

Mutational analysis of invasive tumor

Five-micrometer sections of formalin-fixed paraffin

embedded (FFPE) tissue were prepared, and invasive

tumor was macro dissected with a clean scalpel blade,

using corresponding H & E stained sections as a guide,

then de-paraffinized with successive xylene and graded

ethanol washes. DNA was extracted using the Qiagen DNA

Mini Kit (QIAGEN, Valencia, CA). Custom primers were

synthesized by Invitrogen (Carlsbad, CA) or Integrated

DNA Technology (IDT, Coralville, IA). PIK3CA exons 7,

9, and 20 were amplified by PCR in 81 cases using the

primers detailed in Table 1A. The primers for exon 9 did

not amplify the known pseudogene using an annealing

temperature of 58�C [15]. AKT1 exon 2 was amplified in 78

cases with the primers listed in Table 1B. Positive and

negative control reactions were performed with each batch

of PCR. PCR contained 19 buffer, 50 lM dNTPs, 300 nM

forward primers, 300 nM reverse primer, and 1.4 U of Taq

polymerase (Expand High Fidelity PCR System, Roche,

Indianapolis, IN) in a final volume of 20 ll. Nested PCR

was performed on selected macro dissected samples

(Table 1). Amplicons were screened on a Transgenomic

WAVE HPLC system (Transgenomic, Omaha, NE; melt-

ing temperature determined empirically for each primer

pair); suspected mutations were confirmed by bidirectional

sequencing on an ABI 3130 sequencer using the Big-Dye

terminator method (same primers as for PCR, Table 1).

Normal tissue away from tumor in two mutated cases was

also macro dissected and analyzed for PIK3CA mutation by

PCR and WAVE HPLC as above.
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Analysis of invasive and in situ tumor after laser

capture micro dissection

Laser capture micro dissection (LCM) was performed with

an Arcturus PIXCELL II (Molecular Devices, Sunnyvale,

CA) on mutation-positive carcinomas to obtain separate

populations of invasive and in situ tumor cells. Seven-

micrometer sections were prepared from the paraffin block,

de-paraffinized, stained with methyl green, and thoroughly

dehydrated in xylene. Laser capture was performed with

Arcturus CapSure Macro caps (Molecular Devices),

according to manufacturer’s instructions. An estimated

1,000 cells were collected per cap per extraction. As a con-

trol, invasive tumor was separately captured in the majority

of cases to demonstrate the efficacy of PCR and sequencing

on LCM-derived tissue and to confirm the presence of the

mutation detected by macro dissection. In four cases, only in

situ tumor cells were captured. Microdissection of CIS was

performed on blocks not containing invasive carcinoma

wherever possible or from involved ducts and lobules most

distant from the infiltrating component. Care was taken to

avoid foci with overlapping atypical ductal hyperplasia or

areas suspicious for invasive carcinoma. Florid ductal

hyperplasia accompanying two carcinomas with mutations

was also separately laser-captured for analysis.

Caps were incubated at 65�C with proteinase K and

buffer for approximately 16 h. DNA was extracted using

the Arcturus Pico Pure DNA Extraction Kit (Molecular

Devices) and then analyzed by nested PCR and sequencing

as above, though primers were redesigned to yield shorter

amplicons (Table 1). AKT1 mutations in LCM tissue were

confirmed by mass spectroscopy-based genotyping (Se-

quenom MassARRAY, Sequenom, San Diego, CA) [34]. In

brief, AKT1 was amplified using the Sequenom OncoCarta

assay primers. PCR-amplified DNA was cleaned using

EXO-SAP (Sequenom) and a primer extension reaction was

performed using TYPLEX chemistry. Extended product

was desalted using Clean Resin (Sequenom), and spotted

onto Spectrochip II matrix chips using a nanodispenser

(Sequenom). Chips were run on a Sequenom MassArray

MALDI-TOF system. Sequenom Typer Software and visual

inspection were used to interpret mass spectra.

Table 1 Macro dissection primers

Forward Reverse

A. PIK3CA primers

Macro dissection primers

Exon 7 TGAATTTTCCTTTTGGGGAAG CAAACTCCAACTCTAAGCATGG

Exon 20 CATTTGCTCCAAACTGACCA GGTCTTTGCCTGCTGAGAGT

Exon 9 TTGAAAATGTATTTGCTTTTTCTGT CATGTAAATTCTGCTTTATTTATTCCA

Macro dissection nested primers

Exon 7–1 CCCATTATTATAGAGATGATTG CAAACTCCAACTCTAAGCATGG

Exon 7–2 TGAATTTTCCTTTTGGGGAAG GTTTCCTAAGAGATGGAAG

Exon 20–1 CATTTGCTCCAAACTGACCA GGTCTTTGCCTGCTGAGAGT

Exon 20–2 TTCTTATAGGTTTCAGGAGATGTGTT TGTGGAATCCAGAGTGAGCTT

Exon 9–1 GATTGGTTCTTTCCTGTCTCTG [6] CCACAAATATCAATTTACAACCATTG [6]

Exon 9–2 TTGAAAATGTATTTGCTTTTTCTGT CATGTAAATTCTGCTTTATTTATTCCA

Redesigned nested primers for LCM

Exon 20–1 TTGCATACATTCGAAAGACC [6] TGTGGAATCCAGAGTGAGCTT

Exon 20–2 AACTGAGCAAGAGGCTTTGG TGTGGAATCCAGAGTGAGCTT

Exon 9–1 TTGAAAATGTATTTGCTTTTTCTGT CTGAGATCAGCCAAATTCAGTT

Exon 9–2 CCAGAGGGGAAAAATATGACAA AGCACTTACCTGTGACTCCA

B. AKT primers

Macro dissection primers

Exon 2 AGGCACATCTGTCCTGGCAC ACCGGAGAGCCCTAAGTCTAA

Nested primers

Exon 2–1 AGGGTCTGACGGGTAGAGTG CAAATCTGAATCCCGAGA

Exon 2–2 AGTGTGCGTGGCTCTCACCA AGCCTCACGTTGGTCCACAT

Redesigned primers yielding shorter amplicons utilized for PCR of LCM specimens (except cases 11, 12, 24 used same primers as macro

dissection nested)
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Analysis of estrogen receptor, progesterone receptor,

Her-2/Neu, and E-cadherin status

Immunohistochemical staining for estrogen receptor (ER)

and progesterone receptor (PR) and Her-2/Neu staining was

performed for all 81 tumors; in some cases, it was per-

formed on a prior core needle biopsy specimen. Staining

was performed on Ventana Benchmark or Benchmark XT

instruments (Ventana, Tucson, AZ) with ER clone 6F11, PR

clone 16, and Ventana PATHWAYTM Her-2/neu (clone

CB11, each purchased from Ventana). In those cases in

which Her-2/Neu staining was equivocal, reflex Her-2/Neu

fluorescence in situ hybridization (FISH) was performed

(Path-Vysion, Abbott-Vysis, Des Plaines, IL) [35]. Char-

acteristics of the overall cohort include 81% ER positive,

52% PR positive, 19% Her-2/neu positive, and 9% triple

negative. In order to substantiate a diagnosis of lobular

carcinoma, histologic features as well as lack of E-cadherin

staining was required; E-cadherin staining was performed

as above using clone ECH-6 (Ventana). Only one case with

probable lobular morphology was shown to be E-cadherin

positive, and thus included in the ductal cohort. Of the

cohort overall, 18, 53, and 28% were modified Bloom-

Richardson grade I, II, III, respectively.

Statistics

The correlation of PIK3CA and/or AKT1 mutational status

to clinical variables was analyzed by Fisher’s exact test

(two-tailed) or chi-squared analysis using the Statview

program (SAS Institute Inc., Cary, NC). A P-value of 0.05

was considered significant.

Results

PIK3CA mutations in invasive carcinoma

Invasive tumor from 81 cases of breast carcinoma was

macro dissected from paraffin embedded tissue and

screened for PIK3CA mutations by PCR and denaturing

HPLC, and mutations were confirmed by direct sequencing.

The final dataset included analysis of exon 20 for all 81

cases; analysis of exons 7 and 9 was successful in 80 cases

each. There were eight exon 20 mutations (seven H1047R,

one H1047L), four exon 9 mutations (two E545K, one

E542K, one E545G), and no exon 7 mutations. The muta-

tion status of invasive tumor was confirmed with LCM-

purified tumor cells in all nine tested cases (Table 2);

purified invasive tumor in case 12 showed mutant allele

only, without detectable wild-type sequence. In total, 12 out

of 81 invasive carcinomas demonstrated PIK3CA mutations

yielding a mutation frequency of 14.8% (Fig. 1; Table 2).

No cases showed multiple PIK3CA mutations. Among the

12 mutation positive cases, there was 1 lobular carcinoma

(of 9 screened) and 11 ductal carcinomas (of 72 screened).

PIK3CA mutations in paired in situ carcinoma

To determine whether associated in situ carcinoma harbored

the same PIK3CA mutation as seen in the invasive compo-

nent, LCM was used to isolate separate populations of

invasive and in situ tumor (Fig. 2). Of eight cases with exon

20 mutations, all eight showed an identical exon 20 mutation

in the in situ tumor (Fig. 1; Table 2). In three cases with exon

9 mutations, LCM confirmed a matching exon 9 mutation in

the invasive and in situ elements. Analysis of micro dis-

sected material was unsuccessful for the fourth case. Overall,

there was perfect concordance (11/11) between PIK3CA

mutations in paired samples of in situ and invasive ductal

carcinoma (Table 2), indicating that PIK3CA mutations are

an early event in breast carcinogenesis.

PIK3CA mutations in normal breast tissue

and hyperplastic lesions

In two PIK3CA mutation-positive cases, sufficient normal

tissue was available for macro dissection and analysis. In

both of these cases, the normal tissue was negative for

PIK3CA mutation, as shown in prior studies [7, 15, 18, 20–

23, 25, 28]. Further, we analyzed epithelial hyperplasia in

cases with available material. Two mutation positive

invasive carcinomas had accompanying non-atypical florid

hyperplasia suitable for LCM (Fig. 2). For case 51, micro

dissected florid hyperplasia showed an identical H1047R

mutation as seen in the CIS and invasive carcinoma. In

contrast, hyperplasia associated with case 24 was wild-type

for PIK3CA exon 20.

AKT1 mutations in invasive carcinoma

Extracted DNA from 78 cases of macro dissected invasive

carcinoma was successfully screened for AKT1 exon 2

mutations by PCR amplification and direct DNA sequenc-

ing. Three AKT1 mutations were identified, all E17K (3/78,

3.8%). These mutations were present in tumors without

identified PIK3CA mutations. The overall frequency of

PIK3CA and AKT1 mutations was 15/81 (18.5%).

AKT1 mutations in paired in situ carcinoma

As described above, LCM was used to isolate pure popu-

lations of CIS from cases harboring AKT1 mutations in the

invasive component. In two cases, the identical E17K was

identified in the DCIS component by mass spectroscopy–

based genotyping. The DCIS in case 29 demonstrated
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mutant AKT1 only; the wild-type allele was not detected. In

the third case, we were unable to successfully assay DNA

from the LCM material.

PIK3CA and AKT1 mutations and clinicopathologic

variables

We compared clinicopathologic parameters of PIK3CA and

AKT1 mutant and wild-type tumors. Histologic comparison

of the mutation positive and negative invasive cases did not

reveal any morphologic distinctions. Further, there was no

association between architectural pattern, nuclear grade, or

presence of comedonecrosis in carcinoma in situ (Tables 2,

3 and data not shown). ER, PR, and Her-2/neu analysis was

performed on all 81 cases. Interestingly, all of the PIK3CA

mutant cases were ER positive. However, due to the size of

the sample, this did not reach statistical significance. Like-

wise, AKT1 mutant cases were ER positive (one weakly).

Further, there was no statistically significant association of

PIK3CA-mutated tumors with PR expression, Her-2/Neu

status, histologic grade, or nodal metastasis (Table 3). Sta-

tistics were not calculated for AKT1 mutations.

Discussion

Cancer is caused by the accumulation of mutations in

tumor suppressor genes and oncogenes; this has been

shown to occur in a stepwise manner resulting in the pro-

gression of pre-neoplastic lesions to frankly invasive car-

cinoma. We sought to better characterize evolution of

tumorigenesis in breast carcinoma by identifying PIK3CA

and AKT1 mutations in invasive breast carcinoma and then

determining whether these mutations were also present in

the accompanying in situ carcinoma.

The most striking result of our study is the concordance

between PIK3CA and AKT1 mutations in infiltrating carci-

noma and accompanying in situ carcinoma. All the 11

Table 2 PIK3CA and AKT1 mutant invasive and in situ carcinoma, with clinical parameters

Case Macro-dissected LCM invasive LCM in situ Size (cm) Nodal status Grade (type) ER PR HER2

PIK3CA exon 9

6 E545K E545K E545K 1.4 ?(1/30) II (D) ? ? -

20 E545K E545K E545K 1.5 ND I (D) ? ? -

42 E542K E542K E542K 1.0 -(0/4) II (D) ? - ?

79 E545G NA NA 2.0 ?(7/20) I (L) ? ? -

PIK3CA exon 20

11 H1047R H1047R H1047R 1.5 -(0/3s) III (D) ? - Eq

12 H1047R H1047R H1047R 8.1 ?(3/7) III (D) ? - -

14 H1047R H1047R H1047R 2.5 -(0/11) II (D) ? ? -

24 H1047R H1047R H1047R 2.5 ?(2/15) II (D) ? - -

25 H1047L H1047L H1047L 2.0 -(0/6) II (D) ? ? -

51 H1047R H1047R H1047R 2.6 ?(8/18) I (D) ? ? -

63 H1047R ND H1047R 4.8 ?(2/15) I (D) ? ? -

77 H1047R ND H1047R 1.4 -(0/17) II (D) ? ? Eq

AKT1 exon 2

5 E17K ND E17K 1.6 -(0/1s) III (D) ? - -

29 E17K ND E17K 2.0 ?(1/10) II (D) ? ? -

76 E17K E17K NA 1.8 ND III (D) ? ? -

s Sentinel lymph node

Size refers to greatest dimension of invasive component

ND not done, NA no amplification (PCR and sequencing/Sequenom unsuccessful on LCM material)

Grade is modified Bloom-Richardson grade of invasive carcinoma

Type: D-infiltrating ductal; L-infiltrating lobular

ER (estrogen receptor) and PR (progesterone receptor) immunohistochemical studies scored as positive (?) if greater than 10% of invasive tumor

cells showed nuclear staining

HER2 scored as (-) negative with immunohistochemical score of 0, 1? per Ventana manufacturer’s instructions, or 2? IHC with FISH assay

negative for amplification. HER2 scored as (?) positive if 2? immunohistochemistry and FISH positive for amplification. No cases showed 3?

immunohistochemical staining

HER2 scored as (Eq) equivocal with 2? immunohistochemistry and FISH HER2: CEP17 ratio of 2.2 (case 11), [35] or immunohistochemistry

2? and FISH data not available (case 77)
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(100%) cases with paired data from invasive and in situ

carcinoma showed concordant PIK3CA mutations, and 2 of

2 cases showed concordant AKT1 mutations. Our findings

provide strong evidence that PIK3CA mutations occur early

in the pathogenesis of breast carcinoma, consistent with the

observation by Saal and colleagues [15] that the frequency of

PIK3CA mutations is approximately equal across stage I

through IV tumors. While the numbers are small, our data

also suggest that AKT1 mutations occur early in breast

carcinoma.

Previous studies have yielded two PIK3CA mutations in

45 cases of DCIS, and no AKT1 mutations in 15 cases of

DCIS. Of note, these were unselected cases of DCIS [20,

21, 28]. Given the different screening strategies, our results

Fig. 1 PIK3CA mutations. a HPLC WAVE profile of case 14, macro

dissection screening. Tracings show HPLC profile run at 57.7� with

exon 20 PCR products. Note case 14 profile matches point mutation

control specimen. b Representative sequence data. Top: wild type

sequence, case 82, macro dissection screening. Middle: H1047R

mutant sequence, case 14 micro dissected invasive carcinoma, mutant

and wild type allele sequences are seen. Bottom: H1047R mutant

sequence, case 14 micro dissected in situ carcinoma, mutant and wild

type allele sequences are seen. c Representative H & E stained section

of ductal carcinoma in situ with comedonecrosis, case 12. d Methyl

green stained section before laser capture micro dissection, case 12. e
Methyl green stained section showing same slide and field as (d), after

laser capture micro dissection of ductal carcinoma in situ. f
Representative section of florid hyperplasia without atypia from case

51, with H1047R mutation (H & E images captured with Leica

DM2000 microscope, and Leica DFC320 camera, 109 and 209

objective for (c, f), respectively. Methyl green images captured on

Arcturus Pixcell II with 109 objective during LCM for (d) and (e), as

described in ‘‘Methods’’)
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are not directly comparable to these previous studies [20,

21, 28]. Further, we found an identical PIK3CA mutation in

one case of florid hyperplasia without atypia accompanying

mutation-positive infiltrating carcinoma. This preliminary

finding raises the intriguing possibility that the PIK3CA

mutations contribute to ductal neoplasia prior to the

development of morphologically recognizable in situ car-

cinoma. Investigation of other breast precursor lesions,

including usual and atypical hyperplasia will be of interest

in this regard.

We identified PIK3CA mutations in exon 20 (8/81) and

exon 9 (4/80), and AKT1 exon 2 E17K mutations (3/78),

for a total of 15/81 mutations in invasive breast carcino-

mas; these mutations were mutually exclusive. Interest-

ingly, the in situ tumor in case 12 was heterozygous for a

PIK3CA mutation, but in the invasive element the wild-

type allele was no longer detectable. In gastrointestinal

stromal tumors, hemi/homozygosity for mutant KIT due to

loss of the wild-type allele is associated with clinically

more aggressive disease [36]. Loss of the wild-type allele

may be advantageous for PIK3CA-mutant cells, as well.

Alternatively, there may have been amplification of the

mutant PIK3CA in case 12, which has been previously

observed by Wu et al. [22] in occasional cases of breast

carcinoma, and is associated with tumor aggressiveness in

endometrial carcinoma [37]. The same considerations also

apply to the in situ carcinoma in case 29, in which an AKT1

E17K mutation was detected in the absence of detectable

wild-type AKT. To our knowledge, this is the first such

Fig. 2 AKT1 mutations. a Representative H & E stained section of

ductal carcinoma in situ, case 29. b Top: Sequence data for case 29

macro dissected invasive carcinoma, with E17K mutation, mutant and

wild type allele sequences are seen (arrow). c Sequenom analysis,

case 29 DCIS. Dotted line at far right shows expected location of wild

type sequence (WT) which is completely absent; peak corresponds to

mutation (*). Dotted line at far left shows location of unextended

primer signal, which is absent with successful PCR reaction (Primer)

X-axis indicates molecular mass (Daltons) and Y axis intensity (H & E

image captured with Leica DM2000 microscope, and Leica DFC320

camera, 209 objective)

Table 3 Correlation of PIK3CA mutation status with clinicopatho-

logic parameters

Clinical variable PIK3CA mutant

(N = 12)

PIK3CA wild

type (N = 69)

P value*

LN metastasis? 6/11 = 54.5% 35/65 = 53.8% [0.99

ER? 12/12 = 100% 54/69 = 78.2% 0.11

PR? 8/12 = 75% 34/69 = 49.2% 0.35

HER2? 1/10 = 10% 14/67 = 20.8% 0.67

Grade 0.30

1 4/12 = 33.3% 11/69 = 15.9%

2 6/12 = 50% 37/69 = 53.6%

3 2/12 = 16.6% 21/69 = 30.4%

Mean tumor size

(standard deviation)

2.6 (±2.0) cm 2.1 (±1.1) cm

LN metastasis?: breast carcinoma metastatic to axillary lymph nodes

(lymph node data available on 11 mutant positive cases and 65 wild

type cases)

ER, PR scoring and abbreviations as for Table 2

HER2 equivocal cases excluded for statistical analysis (two mutant

and two wild type cases)

* Fisher’s exact test; except Grade calculated by Chi-square
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observation for mutant AKT1, and it will be interesting to

pursue this in future studies.

Previous studies have shown that a substantial proportion

of PIK3CA point mutations are located in ‘hotspots’ in exon

9 (E542, E545) and exon 20 (H1047), with exon 7 reported

as an additional mutation cluster [6, 7, 15, 16, 18, 20–25,

28]. Based on in vitro studies, exon 9 and 20 PIK3CA

hotspot mutations increase the lipid kinase activity of

PIK3CA and activate downstream signaling. In breast epi-

thelial cell culture models, they promote anchorage-inde-

pendent growth and proliferation, but remain sensitive to

pharmacologic inhibition [6, 13, 38–42]. Less common

mutations such as H1047L and E542G have also been

shown to increase PIK3CA signaling activity, but to a lesser

degree than E545K and H1047R [43]. AKT1 mutations

occurring in the plekstrin homology domain (exon 2, E17K)

are activating mutations resulting in recruitment of AKT1 to

the cell membrane, independent of PI3K.

Based on data from colon and endometrium and lim-

ited data for breast, Oda and others have suggested that

PIK3CA pathway mutations typically arise during or after

carcinomas become invasive [44]. Our data provide strong

evidence that PIK3CA mutations occur in preinvasive

lesions in the breast. It is possible that PIK3CA mutations

play a different role in breast tumorigenesis as compared

to colon and endometrium. Samuel and colleagues iden-

tified only two PIK3CA mutations among 76 colonic

adenomas, while the mutation frequency in invasive

colonic adenocarcinomas was 32% [6]. Similarly, Hayes

et al. [45] found only rare PIK3CA mutations in endo-

metrial complex atypical hyperplasia (2/29, 7%), as

compared to endometrial carcinoma (17/44, 39%) [46]. It

is likely that PIK3CA mutations occur relatively later in

endometrial and colonic neoplasia when compared with

breast carcinogenesis.

Most prior studies have found no correlation between

the PIK3CA genotype and ER/PR hormone receptor status

of infiltrating breast carcinoma; however, four studies did

report a correlation of ER positivity with PIK3CA mutation

[15, 16, 24, 28]. We found that all 12 invasive carcinoma

cases harboring a PIK3CA mutation were positive for ER

(100%), although this sample size was too small to yield

statistical significance. Our AKT1 mutation cases were also

ER positive, as reported in the larger study by Stemke-Hale

[31]. Buttitta and Perez-Tenorio et al. [23] demonstrated

that PIK3CA mutation positive breast carcinomas tend to

be Her-2/neu negative, while Saal et al. found the opposite

[15, 16]. While we did not investigate PIK3CA or AKT1

mutation status and patient outcome, data in the literature

are mixed [15, 24, 28]. Despite the fact that PIK3CA exon

9 and exon 20 mutations show essentially equivalent cel-

lular transforming ability in vitro, [40] several more recent

studies suggested differential outcome based on mutation.

One study showed that exon 20 mutations (kinase domain)

confer a more favorable outcome, and exon 9 mutations

(helical domain) a relatively poor prognosis [26]. However,

this is contradicted in two other studies in which there was

an apparently less favorable outcome of breast cancers

harboring PIK3CA exon 20 mutations [27, 29]. Further,

Liedtke et al. [30] found a significant association of

PIK3CA exon 9 mutation with node-negative status in ER

positive cancers. Nevertheless, it should be noted that these

studies were conducted retrospectively on patients who had

been subjected to a variety of treatments.

The presence of PIK3CA and AKT1 mutations in both

invasive and in situ carcinoma suggests an attractive target

for treatment and chemo preventative therapy. There are a

large number of PIK3CA pathway inhibitors currently in

clinical trials [47]. Promising compounds include SF1126,

NVP-BEZ235, XL147, and XL765, all of which have shown

anti-tumor efficacy in a variety of animal models [48, 49].

AKT inhibitors include Tricarbine, the lipid-based perifo-

sine, and phosphatidylinositol ether lipid analogs (PIAs) [47,

49]. Other strategies include inhibition of the downstream

signaling pathway, including PDK1 and mTOR. PI-103 and

NVP-BEZ235 are dual PIK3CA/mTOR inhibitors that may

prove particularly efficacious [8, 31, 49, 50].

In summary, we demonstrate that PIK3CA and AKT1

mutations are present at the stage of breast carcinoma in

situ, an observation with implications for mechanisms of

tumor pathogenesis, as well as treatment and chemopre-

vention. Further studies are necessary to determine whether

and how PIK3CA and AKT1 mutations play a role in the

development of hyperplasia, atypia, carcinoma in situ, or

invasion in the breast.

Acknowledgments The authors wish to acknowledge expert tech-

nical assistance of Carolyn Gendron, Rebecca Lewis, Judith Levine,

Carol Beadling, and Andrea Warrick. Dr. Terry Morgan provided

assistance with the statistical calculations. This work was supported in

part by a VA Merit Review Grant from the Department of Veterans

Affairs (MCH) and by a grant from the OHSU Medical Research

Foundation.

References

1. Vogelstein B, Fearon ER, Hamilton SR, Kern SE, Preisinger AC,

Leppert M et al (1988) Genetic alterations during colorectal-

tumor development. N Engl J Med 319(9):525–532

2. Ma XJ, Salunga R, Tuggle JT, Gaudet J, Enright E, McQuary P

et al (2003) Gene expression profiles of human breast cancer

progression. Proc Natl Acad Sci USA 100(10):5974–5979. doi:

10.1073/pnas.0931261100

3. Reis-Filho JS, Lakhani SR (2003) The diagnosis and management

of pre-invasive breast disease: genetic alterations in pre-invasive

lesions. Breast Cancer Res 5(6):313–319. doi:10.1186/bcr650

4. Burstein HJ, Polyak K, Wong JS, Lester SC, Kaelin CM (2004)

Ductal carcinoma in situ of the breast. N Engl J Med 350(14):

1430–1441. doi:10.1056/NEJMra031301

Breast Cancer Res Treat

123

http://dx.doi.org/10.1073/pnas.0931261100
http://dx.doi.org/10.1186/bcr650
http://dx.doi.org/10.1056/NEJMra031301


5. Simpson PT, Reis-Filho JS, Gale T, Lakhani SR (2005) Molec-

ular evolution of breast cancer. J Pathol 205(2):248–254. doi:

10.1002/path.1691

6. Samuels Y, Wang Z, Bardelli A, Silliman N, Ptak J, Szabo S et al

(2004) High frequency of mutations of the PIK3CA gene in human

cancers. Science 304(5670):554. doi:10.1126/science.1096502

7. Bachman KE, Argani P, Samuels Y, Silliman N, Ptak J, Szabo

S et al (2004) The PIK3CA gene is mutated with high frequency

in human breast cancers. Cancer Biol Ther 3(8):772–775

8. Hennessy BT, Smith DL, Ram PT, Lu Y, Mills GB (2005)

Exploiting the PI3K/AKT pathway for cancer drug discovery. Nat

Rev Drug Discov 4(12):988–1004. doi:10.1038/nrd1902

9. Wymann MP, Marone R (2005) Phosphoinositide 3-kinase in

disease: timing, location, and scaffolding. Curr Opin Cell Biol

17(2):141–149. doi:10.1016/j.ceb.2005.02.011

10. Karakas B, Bachman KE, Park BH (2006) Mutation of the

PIK3CA oncogene in human cancers. Br J Cancer 94(4):455–459.

doi:10.1038/sj.bjc.6602970

11. Tokunaga E, Kimura Y, Mashino K, Oki E, Kataoka A, Ohno S et al

(2006) Activation of PI3K/Akt signaling and hormone resistance in

breast cancer. Breast Cancer 13(2):137–144. doi:10.2325/jbcs.

13.137

12. Dillon RL, White DE, Muller WJ (2007) The phosphatidyl ino-

sitol-3-kinase signaling network: implications for human breast

cancer. Oncogene 26:1338–1345. doi:10.1038/sj.onc.1210202

13. Samuels Y, Velculescu VE (2004) Oncogenic mutations of

PIK3CA in human cancers. Cell Cycle 3(10):1221–1224

14. Altomare DA, Testa JR (2005) Perturbations of the AKT sig-

naling pathway in human cancer. Oncogene 24(50):7455–7464.

doi:10.1038/sj.onc.1209085

15. Saal LH, Holm K, Maurer M, Memeo L, Su T, Wang X et al

(2005) PIK3CA mutations correlate with hormone receptors,

node metastasis, and ERBB2, and are mutually exclusive with

PTEN loss in human breast carcinoma. Cancer Res 65(7):2554–

2559. doi:10.1158/0008-5472-CAN-04-3913

16. Perez-Tenorio G, Alkhori L, Olsson B, Waltersson MA, Nor-

denskjold B, Rutqvist LE et al (2007) PIK3CA mutations and

PTEN loss correlate with similar prognostic factors and are not

mutually exclusive in breast cancer. Clin Cancer Res 13(12):

3577–3584. doi:10.1158/1078-0432.CCR-06-1609

17. Carpten JD, Faber AL, Horn C, Donoho GP, Briggs SL, Robbins

CM et al (2007) A transforming mutation in the pleckstrin

homology domain of AKT1 in cancer. Nature 448(7152):439–

444. doi:10.1038/nature05933

18. Levine DA, Bogomolniy F, Yee CJ, Lash A, Barakat RR, Borgen

PI et al (2005) Frequent mutation of the PIK3CA gene in ovarian

and breast cancers. Clin Cancer Res 11(8):2875–2878. doi:

10.1158/1078-0432.CCR-04-2142

19. Samuels Y, Ericson K (2006) Oncogenic PI3K and its role in

cancer. Curr Opin Oncol 18:77–82. doi:10.1097/01.cco.0000

198021.99347.b9

20. Campbell IG, Russell SE, Choong DY, Montgomery KG, Ciav-

arella ML, Hooi CS et al (2004) Mutation of the PIK3CA gene in

ovarian and breast cancer. Cancer Res 64(21):7678–7681. doi:

10.1158/0008-5472.CAN-04-2933

21. Lee JW, Soung YH, Kim SY, Lee HW, Park WS, Nam SW et al

(2005) PIK3CA gene is frequently mutated in breast carcinomas

and hepatocellular carcinomas. Oncogene 24(8):1477–1480. doi:

10.1038/sj.onc.1208304

22. Wu G, Xing M, Mambo E, Huang X, Liu J, Guo Z et al (2005)

Somatic mutation and gain of copy number of PIK3CA in human

breast cancer. Breast Cancer Res 7(5):R609–R616. doi:10.1186/

bcr1262

23. Buttitta F, Felicioni L, Barassi F, Martella C, Paolizzi D, Fresu G

et al (2006) PIK3CA mutation and histological type in breast

carcinoma: high frequency of mutations in lobular carcinoma. J

Pathol 208(3):350–355. doi:10.1002/path.1908

24. Li SY, Rong M, Grieu F, Iacopetta B (2006) PIK3CA mutations

in breast cancer are associated with poor outcome. Breast Cancer

Res Treat 96(1):91–95. doi:10.1007/s10549-005-9048-0

25. Liang X, Lau QC, Salto-Tellez M, Putti TC, Loh M, Sukumar S

(2006) Mutational hotspot in exon 20 of PIK3CA in breast cancer

among Singapore Chinese. Cancer Biol Ther 5(5):544–548

26. Barbareschi M, Buttitta F, Felicioni L, Cotrupi S, Barassi F, Del

Grammastro M et al (2007) Different prognostic roles of muta-

tions in the helical and kinase domains of the PIK3CA gene in

breast carcinomas. Clin Cancer Res 13(20):6064–6069. doi:

10.1158/1078-0432.CCR-07-0266

27. Benvenuti S, Frattini M, Arena S, Zanon C, Cappelletti V,

Coradini D et al (2008) PIK3CA cancer mutations display gender

and tissue specificity patterns. Hum Mutat 29(2):284–288

28. Maruyama N, Miyoshi Y, Taguchi T, Tamaki Y, Monden M,

Noguchi S (2007) Clinicopathologic analysis of breast cancers

with PIK3CA mutations in Japanese women. Clin Cancer Res

13((2 Pt 1)):408–414. doi:10.1158/1078-0432.CCR-06-0267

29. Lai YL, Mau BL, Cheng WH, Chen HM, Chiu HH, Tzen CY

(2008) PIK3CA Exon 20 Mutation is Independently Associated

with a Poor Prognosis in Breast Cancer Patients. Ann Surg Oncol

15(4):1064–1069. doi:10.1245/s10434-007-9751-7

30. Liedtke C, Cardone L, Tordai A, Yan K, Gomez HL, Figureoa LJ

et al (2008) PIK3CA-activating mutations and chemotherapy

sensitivity in stage II-III breast cancer. Breast Cancer Res

10(2):R27. doi:10.1186/bcr1984

31. Stemke-Hale K, Gonzalez-Angulo AM, Lluch A, Neve RM, Kuo

WL, Davies M et al (2008) An integrative genomic and proteo-

mic analysis of PIK3CA, PTEN, and AKT mutations in breast

cancer. Cancer Res 68(15):6084–6091. doi:10.1158/0008-5472.

CAN-07-6854

32. Bleeker FE, Felicioni L, Buttitta F, Lamba S, Cardone L, Rodolfo

M et al (2008) AKT1(E17K) in human solid tumours. Oncogene

27:5648–5650. doi:10.1038/onc.2008.170

33. Kim MS, Jeong EG, Yoo NJ, Lee SH (2008) Mutational analysis

of oncogenic AKT E17K mutation in common solid cancers and

acute leukaemias. Br J Cancer 98(9):1533–1535. doi:10.1038/

sj.bjc.6604212

34. Pratilas CA, Hanrahan AJ, Halilovic E, Persaud Y, Soh J, Chitale

D et al (2008) Genetic predictors of MEK dependence in non-

small cell lung cancer. Cancer Res 68(22):9375–9383. doi:

10.1158/0008-5472.CAN-08-2223

35. Wolff AC, Hammond ME, Schwartz JN, Hagerty KL, Allred DC,

Cote RJ et al (2007) American Society of Clinical Oncology/

College of American Pathologists Guideline Recommendations

for Human Epidermal Growth Factor Receptor 2 Testing in

Breast Cancer. Arch Pathol Lab Med 131(1):18–43

36. Lasota J, vel Dobosz A, Wasag B, Wozniak A, Kraszewska E,

Michej W et al (2007) Presence of homozygous KIT exon 11

mutations is strongly associated with malignant clinical behavior

in gastrointestinal stromal tumors. Lab Invest 87(10):1029–1041.

doi:10.1038/labinvest.3700628

37. Salvesen H, Carter S, Mannelqvist M, Dutt A, Getz G, Stefansson

I et al (2009) Integrated genomic profiling of endometrial carci-

noma associates aggressive tumors with indicators of PI3 kinase

activation. Proc Natl Acad Sci USA 106(12):4834–4839. doi:

10.1073/pnas.0806514106

38. Ikenoue T, Kanai F, Hikiba Y, Obata T, Tanaka Y, Imamura J

et al (2005) Functional analysis of PIK3CA gene mutations in

human colorectal cancer. Cancer Res 65(11):4562–4567. doi:

10.1158/0008-5472.CAN-04-4114

39. Isakoff SJ, Engelman JA, Irie HY, Luo J, Brachmann SM,

Pearline RV et al (2005) Breast cancer-associated PIK3CA

Breast Cancer Res Treat

123

http://dx.doi.org/10.1002/path.1691
http://dx.doi.org/10.1126/science.1096502
http://dx.doi.org/10.1038/nrd1902
http://dx.doi.org/10.1016/j.ceb.2005.02.011
http://dx.doi.org/10.1038/sj.bjc.6602970
http://dx.doi.org/10.2325/jbcs.13.137
http://dx.doi.org/10.2325/jbcs.13.137
http://dx.doi.org/10.1038/sj.onc.1210202
http://dx.doi.org/10.1038/sj.onc.1209085
http://dx.doi.org/10.1158/0008-5472-CAN-04-3913
http://dx.doi.org/10.1158/1078-0432.CCR-06-1609
http://dx.doi.org/10.1038/nature05933
http://dx.doi.org/10.1158/1078-0432.CCR-04-2142
http://dx.doi.org/10.1097/01.cco.0000198021.99347.b9
http://dx.doi.org/10.1097/01.cco.0000198021.99347.b9
http://dx.doi.org/10.1158/0008-5472.CAN-04-2933
http://dx.doi.org/10.1038/sj.onc.1208304
http://dx.doi.org/10.1186/bcr1262
http://dx.doi.org/10.1186/bcr1262
http://dx.doi.org/10.1002/path.1908
http://dx.doi.org/10.1007/s10549-005-9048-0
http://dx.doi.org/10.1158/1078-0432.CCR-07-0266
http://dx.doi.org/10.1158/1078-0432.CCR-06-0267
http://dx.doi.org/10.1245/s10434-007-9751-7
http://dx.doi.org/10.1186/bcr1984
http://dx.doi.org/10.1158/0008-5472.CAN-07-6854
http://dx.doi.org/10.1158/0008-5472.CAN-07-6854
http://dx.doi.org/10.1038/onc.2008.170
http://dx.doi.org/10.1038/sj.bjc.6604212
http://dx.doi.org/10.1038/sj.bjc.6604212
http://dx.doi.org/10.1158/0008-5472.CAN-08-2223
http://dx.doi.org/10.1038/labinvest.3700628
http://dx.doi.org/10.1073/pnas.0806514106
http://dx.doi.org/10.1158/0008-5472.CAN-04-4114


mutations are oncogenic in mammary epithelial cells. Cancer Res

65(23):10992–11000. doi:10.1158/0008-5472.CAN-05-2612

40. Vogt PK, Kang S, Elsliger MA, Gymnopoulos M (2007) Cancer-

specific mutations in phosphatidylinositol 3-kinase. Trends Bio-

chem Sci 32(7):342–349. doi:10.1016/j.tibs.2007.05.005

41. Zhang H, Liu G, Dziubinski M, Yang Z, Ethier SP, Wu G (2008)

Comprehensive analysis of oncogenic effects of PIK3CA muta-

tions in human mammary epithelial cells. Breast Cancer Res

Treat 112(2):217–227. doi:10.1007/s10549-007-9847-6

42. Zhao L, Vogt PK (2008) Class I PI3K in oncogenic cellular

transformation. Oncogene 27(41):5486–5496. doi:10.1038/onc.

2008.244

43. Gymnopoulos M, Elsliger MA, Vogt PK (2007) Rare cancer-

specific mutations in PIK3CA show gain of function. Proc Natl

Acad Sci USA 104(13):5569–5574. doi:10.1073/pnas.070100

5104

44. Oda K, Okada J, Timmerman L, Rodriguez-Viciana P, Stokoe D,

Shoji K et al (2008) PIK3CA cooperates with other phosphati-

dylinositol 3’-kinase pathway mutations to effect oncogenic

transformation. Cancer Res 68(19):8127–8136. doi:10.1158/0008-

5472.CAN-08-0755

45. Hayes MP, Wang H, Espinal-Witter R, Douglas W, Solomon GJ,

Baker SJ et al (2006) PIK3CA and PTEN mutations in uterine

endometrioid carcinoma and complex atypical hyperplasia. Clin

Cancer Res 12((20 Pt 1)):5932–5935. doi:10.1158/1078-0432.

CCR-06-1375

46. Velasco A, Bussaglia E, Pallares J, Dolcet X, Llobet D, Encinas

M et al (2006) PIK3CA gene mutations in endometrial carci-

noma: correlation with PTEN and K-RAS alterations. Hum

Pathol 37(11):1465–1472. doi:10.1016/j.humpath.2006.05.007

47. LoPiccolo J, Blumenthal GM, Bernstein WB, Dennis PA (2008)

Targeting the PI3K/Akt/mTOR pathway: effective combinations

and clinical considerations. Drug Resist Updat 11(1–2):32–50.

doi:10.1016/j.drup.2007.11.003

48. Engelman JA, Chen L, Tan X, Crosby K, Guimaraes AR, Upad-

hyay R et al (2008) Effective use of PI3K and MEK inhibitors to

treat mutant Kras G12D and PIK3CA H1047R murine lung can-

cers. Nat Med 14(12):1351–1356. doi:10.1038/nm.1890

49. Garcia-Echeverria C, Sellers WR (2008) Drug discovery

approaches targeting the PI3K/Akt pathway in cancer. Oncogene

27(41):5511–5526. doi:10.1038/onc.2008.246

50. Crowder RJ, Ellis MJ (2005) Treating breast cancer through

novel inhibitors of the phosphatidylinositol 3’-kinase pathway.

Breast Cancer Res 7(5):212–214. doi:10.1186/bcr1307

Breast Cancer Res Treat

123

http://dx.doi.org/10.1158/0008-5472.CAN-05-2612
http://dx.doi.org/10.1016/j.tibs.2007.05.005
http://dx.doi.org/10.1007/s10549-007-9847-6
http://dx.doi.org/10.1038/onc.2008.244
http://dx.doi.org/10.1038/onc.2008.244
http://dx.doi.org/10.1073/pnas.0701005104
http://dx.doi.org/10.1073/pnas.0701005104
http://dx.doi.org/10.1158/0008-5472.CAN-08-0755
http://dx.doi.org/10.1158/0008-5472.CAN-08-0755
http://dx.doi.org/10.1158/1078-0432.CCR-06-1375
http://dx.doi.org/10.1158/1078-0432.CCR-06-1375
http://dx.doi.org/10.1016/j.humpath.2006.05.007
http://dx.doi.org/10.1016/j.drup.2007.11.003
http://dx.doi.org/10.1038/nm.1890
http://dx.doi.org/10.1038/onc.2008.246
http://dx.doi.org/10.1186/bcr1307

	Phosphatidylinositol-3-kinase and AKT1 mutations occur early �in breast carcinoma
	Abstract
	Introduction
	Methods
	Patients and tissues
	Mutational analysis of invasive tumor
	Analysis of invasive and in situ tumor after laser capture micro dissection
	Analysis of estrogen receptor, progesterone receptor, Her-2/Neu, and E-cadherin status
	Statistics

	Results
	PIK3CA mutations in invasive carcinoma
	PIK3CA mutations in paired in situ carcinoma
	PIK3CA mutations in normal breast tissue �and hyperplastic lesions
	AKT1 mutations in invasive carcinoma
	AKT1 mutations in paired in situ carcinoma
	PIK3CA and AKT1 mutations and clinicopathologic variables

	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


