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Abstract Landmark studies of the status of DNA damage

checkpoints and associated repair functions in preneo-

plastic and neoplastic cells has focused attention on

importance of these pathways in cancer development, and

inhibitors of repair pathways are in clinical trials for

treatment of triple negative breast cancer. Cancer hetero-

geneity suggests that specific cancer subtypes will have

distinct mechanisms of DNA damage survival, dependent

on biological context. In this study, status of DNA damage

response (DDR)-associated proteins was examined in

breast cancer subtypes in association with clinical features;

479 breast cancers were examined for expression of DDR

proteins cH2AX, BRCA1, pChk2, and p53, DNA damage-

sensitive tumor suppressors Fhit and Wwox, and Wwox-

interacting proteins Ap2a, Ap2c, ErbB4, and correlations

among proteins, tumor subtypes, and clinical features were

assessed. In a multivariable model, triple negative cancers

showed significantly reduced Fhit and Wwox, increased

p53 and Ap2c protein expression, and were significantly

more likely than other subtype tumors to exhibit aberrant

expression of two or more DDR-associated proteins. Dis-

ease-free survival was associated with subtype, Fhit and

membrane ErbB4 expression level and aberrant expression

of multiple DDR-associated proteins. These results suggest

that definition of specific DNA repair and checkpoint

defects in subgroups of triple negative cancer might iden-

tify new treatment targets. Expression of Wwox and its

interactor, ErbB4, was highly significantly reduced in

metastatic tissues vs. matched primary tissues, suggesting
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that Wwox signal pathway loss contributes to lymph node

metastasis, perhaps by allowing survival of tumor cells that

have detached from basement membranes, as proposed for

the role of Wwox in ovarian cancer spread.

Keywords Triple negative breast cancer � DNA damage

response proteins � Lymph node metastases � Fhit �
Wwox � Tissue microarrays

Introduction

Chromosome fragile sites are preferential targets of repli-

cation stress, resulting in deletions involving encoded

fragile genes [1, 2]. The most commonly altered fragile

sites are FRA3B/FHIT and FRA16D/WWOX at chromo-

somes 3p14.2 and 16q23.3. Fhit and Wwox protein

expression is coordinately lost or reduced in *2/3 of breast

cancers [3] and loss is more frequent in ER/PR negative

breast tumors [4]. Coordinate loss of Fhit and Wwox also

occurs in ductal carcinoma in situ tissues [5], suggesting

early loss during breast carcinogenesis.

Several lines of investigation have focused our interest

on expression of DDR-associated proteins in breast cancer

and how DNA damage-targeted tumor suppressor loss

participates in DDR checkpoint activation and repair pro-

cesses: (1) Reports of activated DDR checkpoints in pre-

neoplastic lesions, accompanied by allelic FHIT deletions

[6–8] and loss of expression of Fhit protein in early lesions

[9–11], coupled with our knowledge that Fhit expression

loss contributes to aberrant DDR [12], suggested that

deletions at the FHIT gene could activate the DDR and

reduction in Fhit protein expression could contribute to

neoplastic progression. (2) The discovery that BRCA1/2

deficient breast cancer-derived cell lines were sensitive to

killing by inhibitors of PARP enzymatic activity [13, 14],

through a synthetic lethal mechanism involving loss of

homologous recombination repair (HRR) and blocking of

other repair pathways by PARP inhibition [15–17]. (3)

BRCA1-deficient breast cancers are mostly triple negative

(TN), a subtype associated with defects in some types of

DNA repair [18] and endowed with ‘‘BRCAness’’ [19], and

Fhit expression is lost in *90% of BRCA1 and 2-mutated

breast cancers [20–22]. Thus, we were interested in how

loss of expression of Fhit and Wwox, might contribute to

‘‘BRCAness’’ and to responses to aberrant DDR check-

points or repair pathways.

Chk2 and Chk1, downstream targets of ATM and ATR,

have roles in regulation of checkpoint responses [23, 24]

and the absence of expression of wild type ATR or Chk1

leads to accumulation of deletions and rearrangements of

fragile sites [25]. The occurrence of DNA double-strand

breaks (DSBs) is followed by phosphorylation of histone

H2AX by ATM or ATR; the phosphorylated protein,

cH2AX, recruits, and localizes DNA repair proteins [26],

including BRCA1 [27], to the DNA breaks.

In a study of 837 breast cancers on a tissue microarray

(TMA), we observed that TN tumors showed significantly

reduced Fhit and Wwox expression [4]. We then analyzed

the expression of DDR-associated proteins cH2AX, pChk2,

and p53 in these cases and found that increased nuclear

expression of cH2AX, pChk2, and p53 was significantly

more frequent in TN tumors [GG, CH, REJ, WPW, SC,

RTP, CLS, KH, unpublished results]. We have continued

similar studies on an independent breast cancer cohort,

including all breast cancer subtypes [28] and matched

primary and metastatic cases, with linked clinical and

follow-up data, to gain a better understanding of the role of

activated DDR-associated proteins in breast cancer sub-

types and outcomes.

Materials and methods

Construction of the breast cancer TMAs

The studies were approved by the Ohio State University

Institutional Review Board for studies of human subjects.

Tissue Archive Services and Information Warehouse per-

sonnel of the Ohio State University Medical Center, acting

as ‘‘honest brokers’’, anonymized all cases by removing

identifiers and assigning random numbers before supply-

ing slides, blocks, and linked clinical information to

investigators.

The SFBCAS TMA

Breast cancer cases (824) from prior to 1998, were selected

from *4000 women who contributed pathological and

clinical outcome data to the National Comprehensive Can-

cer Network (NCCN) breast cancer database [29]. Selection

criteria included all invasive breast cancers for which clin-

ical information, including stage, grade, histologic type,

treatment, site of first recurrence, and disease-free and

overall survival were available. The parrafin-embedded

tissue blocks were reviewed by pathologists (CM and REJ)

and 564 were acceptable for the TMA, 303 for which there

was tumor only, 226 with tumor and metastases, and 35 with

only metastatic tissue. Cores (0.6 mm) from each tumor and

metastasis were placed in quadruplicate blocks, with 50

assorted control tissues. The clinical information for the

primary breast cancers included histological tumor type,

grade and ER, PR, and ErbB2 status of tumors abstracted

from clinical records and pathology reports.
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Immunohistochemical analysis

BRCA1, pChk2, cH2AX, p53, Fhit, Wwox, Wwox-inter-

acting proteins (Ap2c, Ap2a, ErbB4), ErbB3, CK5/6, EGFR

immunostainings were performed on TMA sections as

described [3–5]. Specific antisera used, staining methods

and detection kits are listed in Table 1. Expression of Fhit,

Wwox, and CK5/6 was cytoplasmic, Ap2a, Ap2c, pChk2,

and cH2AX nuclear, EGFR, ErbB3, and ErbB4 cytoplasmic

and membranous, and BRCA1 nuclear and cytoplasmic.

Cytoplasmic expression in C10% of tumor cells for CK5/6,

membranous staining in C10% of tumor cells for EGFR and

nuclear staining in C10% for Ap2a, Ap2c, was accepted as

positive. Fhit and Wwox staining in tumors was scored

according to intensity: absent, highly reduced, reduced

staining, or strong expression [4, 5, 30], though final scores

were collapsed to two categories (lost/very reduced vs.

strong/moderate expression for some statistical modeling);

[50% of cells for nuclear cH2AX and [25% of cells for

nuclear pChk2, C50% strong expression of p53, any

membrane staining of ErbB3 and ErbB4 was accepted as

positive. BRCA1 nuclear expression was scored as \ or

[90% and reduced cytoplasmic BRCA1, ErbB3, and

ErbB4 expression was noted when present. Four patholo-

gists (GG, REJ, WPW, SC) scored the slides and were

blinded to the breast cancer subtype; two pathologists (GG,

CH) converted scores to numbers, selected cut off values for

each marker and entered data into excel and SPSS files. The

423 breast cancers that could be scored were divided into

subtypes of breast cancer as defined by their IHC profiles

using designated stains [31, 32]. These include luminal A

(ER and/or PR positive, ErbB2 negative); luminal B (ER

and/or PR positive, ErbB2 positive); ErbB2??? (ER and

PR negative, ErbB2 IHC/FISH???); basal-like TN (ER,

PR, ErbB2 negative and CK5/6 and/or EGFR positive); and

TN non-basal (ER, PR, ErbB2, CK5/6, EGFR negative).

Since ErbB2 status was not available for some tumors, we

also evaluated tumors by ER/PR status: luminal (ER and/or

PR positive) vs. not (ER and PR negative), as well as

luminal vs. TN vs. ErbB2??? for ER and PR negative

tumors for which ErbB2 status was available.

Statistical analysis

Not all marker or clinical data were available on all sub-

jects, and percentages refer to cases for which data for a

specific variable were available. Associations between

categorical variables (e.g., marker score data, menopausal

status, ER status) were evaluated using chi-square or Fisher

exact tests. McNemar tests were used to analyze concor-

dance in marker expression in tumor tissue and matching

metastatic tissue.

Relationships of marker expression and clinical features

were evaluated in relation to disease subtype using uni-

variate and multivariable logistic regression models. Var-

iable selection in the multivariable models was explored by

the leaps and bounds approach [33]. We also assessed

potential multivariable models based on the univariate

logistic regression models.

Disease-free survival (DFS) was assessed from the time

patients were disease-free to date of recurrence and/or

death. Patients with metastases at diagnosis were excluded

from DFS analyses and only subjects with stage I–III

tumors at diagnosis were included. Kaplan–Meier and Cox

regression models were used to evaluate DFS, where dif-

ferences in DFS distributions were evaluated based on

Table 1 Primary antisera and detection kits used in immunohistochemical studies

Primary antiserum Description Dilution Detection kit

Fhit Rabbit (Huebner laba) 1/5000 Vectastain Elite kit (Vector Laboratories, Burlingame, CA)

Wwox Rabbit (Huebner laba) 1/7000 Vectastain Elite kit

Ap2c Mouse (Santa Cruz, 6E4/4) 1/75 Universal LSAB? (Dako, Carpinteria, CA)

Ap2a Mouse (Santa Cruz, 3B5) 1/75 Universal LSAB?

cH2AX Rabbit (Bethyl Labs, IHC-00059) 1/500 Vector Impress (Vector Laboratories)

p53 Mouse (Dako, M7001) 1/50 Universal LSAB?

pChk2 Rabbit (Abcam, Ab38461) 1/100 Vector Impress

CK5/6 Mouse (Dako, D5/16 B4) 1/50 Universal LSAB?

EGFR Mouse (Dako, PharmDx Kit, 2-18C9) Neat Dako, Envision Plus, included in kit

ErbB4 Rabbit (Neomarkers, RB-9045—R7) 1/75 UltraTek HRP Anti-Polyvalent Lab Pack (ScyTek Laboratories,

Cache, Utah,)

BRCA1 Mouse (Calbiochem, MS110) 1/25 Universal LSAB?

ErbB3 Mouse (Neomarkers, H3.105.5) 1/25 UltraTek HRP Anti-Polyvalent Lab Pack

a The features of the antiserum have been described in detail [3, 7]
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clinical characteristics and marker expression. The P values

reported in relation to DFS correspond to log rank tests

unless otherwise noted.

Since we simultaneously evaluated multiple markers

along with clinical characteristics of interest, we corrected

for multiple comparisons using the Benjamini–Hochberg

method to control for false discovery rates. Statistical

significance was defined by ranking observed P values

from smallest to largest and comparing each ith P value to

(i/m)*Q, where m = number of P values for that set of

analyses and Q is the chosen constraint for false discovery

rate (FDR, here set to 0.05). All analyses were conducted

using PASW Statistics (SPSS) v. 18 and R version 2.9.0.

Results

Breast cancer characteristics

Table 2 lists the characteristics of cases included in the

SFBCAS TMA. Due to missing clinical data, primarily

ErbB2??? status, subtype could be determined in only

302 cases. Most cancers 60% (179/302) were classified as

luminal A, 15% (47/302) were luminal B, 10% (29/302)

ErbB2???, and 15% (47/302) TN. Combining luminal A

and B groups (ER and/or PR positive) allowed classification

of more tumors: 80.4% (312/388) were ER and/or PR

positive, 7.5% (29/388) ErbB2???, 12.1% (47/398) TN.

Among the 47 TN cases, CK5/6 and EGFR expression

Table 2 Characteristics of the SFBCAS TMA cases (n = 423)

Number of patients

Race

Caucasian 368

African American 48

Other 4

Menopause status

Pre-menopausal 150

Post-menopausal 227

Grade

I 33

II 175

III 174

ER status

Negative 102

Positive 307

PR status

Negative 135

Positive 268

ErbB2 status

Negative 234

3? IHC or FISH? 77

TN

No 340

Yes 47

Basal

No 266

Yes 33

Table 2 continued

Number of patients

ER/PR status

ER and PR neg 99

ER?, PR?, or both 301

Subtype

Luminal A 179

Luminal B 47

ErbB2??? 29

TN 47

Age at diagnosis

B40 47

41–50 135

[50 238

Histology

Invasive ductal 313

Invasive lobular 27

Mixed ductal lobular 35

Other 48

Death

No 398

Yes 22

Cause of death

N/A (alive) 398

Cancer-related 20

Other causes 2

Recurrencea

No 245

Yes 85

Type of 1st recurrencea

In situ 4

Local/Regional 19

Distant 60

Type unknown 2

Metastatic tissue type

Lung nodule 1

Lymph node(s) 105

Skin 3

N/A (no mets tissue) 314

a Does not include 93 cases that were never disease-free, those

unknown if ever disease-free and those with missing recurrence

information
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scores were available in all but 4. Of the remaining 43, 33

(76.8% showed a basal-like phenotype as determined by

EGFR and CK5/6 staining. The TMA analyses included 109

subjects with both tumor tissue and metastatic tissue; 96%

of metastatic tissues were from lymph nodes (Table 2).

As noted in earlier studies, there were significant dif-

ferences in the ages at diagnosis by breast cancer subtype;

the median age for TN cases was 47 years, while for

luminal A, B, and ErbB2??? median ages were 55, 51,

and 52 years, respectively (P = 0.003).

DDR-associated protein expression in breast cancer

The SFBCAS TMA

There were data on 423 breast cancer subjects, including

biochemical markers determined by IHC and integrated

clinical data (Table 2 for summary). We assessed associa-

tions among pairs of proteins in this TMA (Supplementary

Table S1): pChk2 and cH2AX expression were highly

positively correlated only with each other (P \ 0.00001);

BRCA1 nuclear expression was significantly positively

correlated with expression of cytosolic ErbB3 (P =

0.00004) and with Fhit and Wwox expression (each P =

0.02), indications of an intact HRR pathway in cancers

expressing nuclear BRCA1. Expression of the transcription

factor Ap2c was highly, positively associated with expres-

sion of pChk2 and p53 (P \ 0.001).

The DDR checkpoint proteins, cH2AX, pChk2, and p53,

were expressed more frequently in TN and basal-like

cancers vs. other subtypes (Fig. 1 for illustration of results,

Fig. 2 for representative photos of IHC results). As

observed by others [19], we find that TN tumors frequently

show reduced expression of BRCA1. The bar graph in

Fig. 1 shows that highly positive BRCA1 expression (90%

of cells with nuclear expression) was rare in the TN tumors

(Table S2 lists expression scoring results for specific

markers relative to clinical features). By univariate mod-

eling, BRCA1 nuclear expression was significantly,

inversely associated with ER/PR negativity (P = 0.0004)

and specifically with TN breast cancer subtype (P = 0.009,

Table 3). p53 expression was also highly correlated with

TN and basal-like subtypes (P \ 0.00001).

In order to investigate more broadly the association of

alterations to expression of DDR proteins in TN breast

cancers, a DDR score was devised, based on frequency of

altered or activated expression of nuclear BRCA1, cH2AX,

pChk2, Fhit, p53; i.e., proteins involved in recognition of

DNA breaks (cH2AX), in checkpoint activation in response

to breaks (pChk2, p53), or DNA repair (Fhit, BRCA1). The

number of deleteriously expressed markers was summed,

where reduced nuclear BRCA1 or Fhit, or elevated

cH2AX, p53, or pChk2 were considered deleterious. The

median number of markers with deleterious expression

was 2. TN cancers had a median of 3 aberrantly expressed

markers vs. non-TN cancers (median = 3 vs. 2, P \
0.0001). Across the 279 tumors with data for all 5 markers,

only 4 had deleterious expression of all 5 markers (2

luminal, 2 TN); 17 had no deleterious expression of any

markers (all luminal) (data for stage I–III cases with

recurrences summarized in Table S3). Based on logistic

regression models, DDR score (0 vs. 1 vs. 2 vs. 3 vs. 4 vs.

5) was significantly associated in the univariate setting with

TN status (P \ 0.00001). Analyses of the DDR protein

scores supported a collapsing of the scores into two groups:

0–1 vs. 2–5; this collapsed grouping of 0–1 vs. 2–5 was

also significantly associated with TN status (OR = 6.2,

P = 0.003, Table 3). By this assay, TN cancers were 69

more likely to exhibit aberrant expression of 2 or more

DDR-associated proteins. The distribution of scores

between TN and non-TN subjects is shown in the box plot

in Fig. 3.

Fig. 1 Graphical representation of expression of DDR proteins in TN

cancers. In studies of the breast cancers on the SFBCAS TMA, DDR

proteins were expressed more frequently in TN and basal-like tumors.

The numbers to the lower left of each graph represent the cut-off

percentages for scoring a tumor positive or negative; i.e., for pChk2,

tumors were scored positive if [25% of nuclei were positive for

expression and were scored negative if \25% of nuclei were

expressing pChk2. For cH2AX the cut-off was at 50% and for

BRCA1 at 90%. Because percentages were calculated using denom-

inators that included cases for which scores were not available, the

percentages will not necessarily sum to 100% across the expression

groups for individual markers
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Tumor suppressors and interacting proteins

in association with breast cancer subtypes

As shown in Table 3, expression of various proteins was

significantly associated with subtype groups in the uni-

variate setting: lost or reduced Fhit and Wwox expression

was strongly associated with TN tumors (P = 0.0003 and

0.0002), as were absence of ErbB3 cytosolic expression

and positive membrane expression of ErbB4 (Table 3).

Other significant factors for TN status in the univariate

setting were: Ap2c (P = 0.00005), reduced BRCA1

nuclear expression (P = 0.009) and p53 (P \ 0.00001)

expression.

When protein expression markers were evaluated in the

multivariable setting in relation to TN status (Table 4),

four markers remained significant: reduced Wwox and Fhit

(P = 0.002 and 0.03), and p53 and Ap2c positivity (both

P = 0.004). Overall, Wwox, Ap2c, and p53 remained

significant across multivariable models for each of the

subtype groupings (ER/PR negative, TN, and basal-like).

Primary tumors and metastases

In analyses for level of agreement between markers in

tumor vs. metastatic tissue, expression of several proteins

were significantly discordant, as shown in Table 5 (Fig. 4

Fig. 2 Expression of specific proteins in breast cancers by IHC analysis. Photographs (9400) were taken of immunohistochemical detection of

each of the specific proteins assessed on the TMA and representative photographs are shown for each protein

Table 3 Univariate

associations of markers with

subtype and stage

P values reflecting assessments

of univariate associations of

each marker were calculated

from univariate logistic

regression models, where the

odds ratio estimates (OR est) are

the exponential of the parameter

estimates for that variable in the

model

Marker TN vs. other Basal vs. other Stage II/III vs. I

OR est P value OR est P value OR est P value

Ap2c 4.53 0.00005 4.75 0.0003 1.01 0.98

CK5/6 5.67 <0.00001 10.61 <0.00001 1.32 0.40

pChk2 1.52 0.08 1.64 0.051 0.79 0.57

cH2AX 1.33 0.12 1.42 0.08 1.15 0.38

BRCA1 nuc 0.20 0.009 0.20 0.03 0.57 0.037

ErbB3 cyto 0.29 0.0002 0.36 0.007 0.56 0.016

ErbB3 membr 0.27 0.007 0.40 0.07 1.02 0.92

ErbB4 cyto 2.18 0.03 2.53 0.035 0.98 0.95

ErbB4 membr 2.1 0.02 2.2 0.03 0.80 0.35

Fhit 0.11 0.0003 0.17 0.005 0.47 0.001

Wwox 0.28 0.0002 0.28 0.001 0.66 0.16

p53 6.1 <0.00001 6.2 <0.00001 1.95 0.043

EGFR 11.0 <0.00001 29.4 <0.00001 1.81 0.063

DDR score (0–1 vs. 2?) 6.2 0.003 4.4 0.017 2.25 0.005
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for representative photographs of protein expression in

matched primary and metastatic sections). Expression of

Wwox was highly significantly reduced in the metastatic

tissues (P \ 0.0001) vs. the primary tumor tissue; loss of

cytosolic and membrane ErbB4 expression was also asso-

ciated with occurence of metastases (P = 0.002 and

0.004), as was BRCA1 nuclear expression (P = 0.003).

Associations of markers and outcomes

For a subset of 330 patients, there was recurrence data

available; 60 distant and 19 locoregional. Patients who

developed in situ recurrences or had metastases at diag-

nosis were excluded from the disease-free status analyses.

The resulting cohort used in the analyses was 305 non-

metastatic breast cancer subjects with data available on

disease-free and recurrence status; 79 subjects had a

recurrence and the median follow-up was 98 months

(range: 4–242 months); only 8 subjects had \12 months

follow-up.

Disease-free survival of TN cancers was significantly

worse than for luminal subtypes (see Fig. 5), as expected

from earlier studies (note that ErbB2??? cases are from

before introduction of trastuzamab treatment). DFS for TN

cases vs. all other subtypes was also significantly worse

(P = 0.0001) (Table 6). DFS of cases with reduced Fhit

was significantly worse and this figure remained significant

when Fhit negative and mild expressers were combined

together vs. moderate plus high expressers (P = 0.007,

Fig. 6). DFS of cases with membrane ErbB4 expression

Fig. 3 Boxplot of DDR scores, for number of aberrantly expressed

DDR-associated proteins in TN vs. non-TN breast cancers. The DDR-

associated proteins assessed were: altered or activated expression of

nuclear BRCA1, cH2AX, pChk2, Fhit, p53; i.e., proteins involved in

recognition of DNA breaks (cH2AX), in checkpoint activation in

response to breaks (pChk2, p53), or in DNA repair (Fhit, BRCA1)

Table 4 Multivariable logistic regression modeling

Marker TN vs. other Basal vs. other

OR est.a P value OR est.a P value

Intercept 0.29 0.02 0.14 0.002

Ap2c 4.5 0.004 4.6 0.005

ErbB3 cyto 0.45 0.07 0.50 0.14

ErbB3 membr 0.26 0.07 0.35 0.17

Fhit 0.20 0.03 0.30 0.12

Wwox 0.22 0.002 0.27 0.01

p53 4.1 0.004 3.0 0.03

a OR est from these models reflect the exponential of the multivari-

able logistic regression model parameter estimates. In looking at the

models of TN vs. other, and basal-like vs. other, these same variables

that are statistically significant in the multivariable models shown

above were also significant factors in multivariable models using an

all subsets approach to variable selection (leaps and bounds method

[33]). The only difference was that in the all subsets methods, the

ErbB3 cytoplasmic score was also a significant identified marker for

basal-like vs. other. Also, in the all subsets method, the addition of the

Fhit score did not contribute much to the overall model in determining

TN vs. other

Table 5 Protein expression differences in primary tumors vs.

metastases

Protein Cases with tumor and metastatic tissue

Tumor tissue Metastatic tissue P value*

ErbB4 cyt

0 36 60 0.002

1 70 46

ErbB4 membr

0 65 85 0.004

1 41 21

BRCA1 nucl

0 14 4 0.003

1 72 67

2 10 25

BRCA1 cyt

0 14 26 0.038

1 81 69

Wwox

1–2 26 87 <0.00001

3–4 62 1

* P value from McNemar’s test to evaluate paired categorical out-

comes and a measure of agreement between the tumor and metastatic

tissue expression profiles; ErbB3, Ap2a/c, pChk2, cH2AX, Fhit, p53,

and EGFR did not show significant differences in expression in pri-

mary tumor vs. metastasis. ErbB2 data was not available for the

metastases. There were differences in frequencies of specific subtypes

among the non-metastatic (luminal 83%, ErbB2??? 7%, TN 10%)

vs. metastatic (luminal 72%, ErbB2??? 10%, TN 18%) primary

cancers
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was also significantly worse than others (P = 0.0013, not

shown).

In univariate analyses, the following factors/markers

had a P value \0.20 and were considered in the multi-

variable model: stage, grade, breast cancer subtype, ErbB3

(cytoplasmic), ErbB4 (membrane), Fhit and p53; grade was

highly correlated with stage (P \ 0.00001) and with breast

cancer subtype (P \ 0.00001). To avoid multicolinearity

issues, grade was excluded from the final multivariable

model. Ultimately, the three significant factors in the model

for DFS were stage (P = 0.00014), breast cancer subtype

(P \ 0.0001), and ErbB4 membrane score (P = 0.0065).

Fig. 4 Differentially expressed proteins in primary and metastatic breast cancers. Photographs (9400) of differentially expressed markers in

matched primary and metastatic lymph node cancer tissue from a single patient

Fig. 5 DFS of patients with TN breast tumors. DFS of patients with

TN breast tumors cohort was significantly worse than luminal

subtypes or the other subtypes grouped together (not shown); also

DFS for basal-like tumors was worse than other subtypes grouped

together (not shown). Note that this TMA represents cases treated

before the introduction of trastuzamab for ErbB2??? cases

Table 6 DFS in stage I–III cases at diagnosis

Group N # of events HR P value

Luminal A 125 15 Ref. –

Luminal B 31 7 1.98 0.14

ErbB2??? 20 13 8.1 <0.00001

TN 41 20 5.0 <0.00001

Luminal 215 34 Ref. –

ErbB2??? 20 13 6.3 <0.00001

TN 41 20 3.8 <0.00001

Luminal 215 34 Ref. –

ErbB2???/TN 81 42 4.2 <0.00001

Not TN 235 47 Ref. –

TN 41 20 2.89 0.0001

Not basal-like 243 53 Ref. –

Basal-like 29 12 1.96 0.042

Ref reference group; i.e., the hazard ratios (HR) are in reference to

this group. For example, if HR = 2, cases in that group are twice as

likely to have an event than those in ref group; estimates from a Cox

regression model
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As described above, we created a DDR marker-based

score that reflected the number of DNA damage response

proteins with aberrant expression in each cancer. DFS of

patients differed significantly depending upon the number

of deleterious markers exhibited as shown in Table S3 and

Fig. 7. Our analyses are limited by the large percentage of

censored observations and the constraint that subjects

needed to have data available on all five markers used to

generate the DDR score.

Discussion

Associations among marker proteins

BRCA1 nuclear expression was strongly, positively asso-

ciated with ErbB3 cytoplasmic expression, as well as with

Fhit and Wwox expression; Fhit loss was correlated with

expression of p53, and strongly, positively correlated with

expression of cytoplasmic ErbB3 and ErbB4; p53 was most

strongly correlated with expression of Ap2c; and Wwox

loss was most strongly correlated with loss of expression of

ErbB3 cytoplasmic protein and with Fhit loss. The unex-

pected strong correlation of Fhit expression with cyto-

plasmic ErbB4 and Ap2a, both Wwox interactors, and

correlation of Wwox and Fhit with cytosolic ErbB3,

warrant mechanistic studies in breast cancer-derived cell

lines.

DDR-associated proteins and breast cancer subtypes

Our studies show a previously unreported feature of TN

breast cancers. Three proteins of the activated DDR

checkpoint, cH2AX, pChk2, and p53, are more frequently

expressed in this group of neoplasms with 67% of pChk2

positive cases being cH2AX positive; and expression of

BRCA1 and Fhit, associated with aberrant DNA damage

repair, are highly significantly reduced in TN cancers.

Interestingly, Fhit and BRCA1 are reduced in expression

together in 70.9% of cases. We do not know if cH2AX and

pChk2 expression together indicate an intact-activated

checkpoint or if the 70% of cH2AX positive cases that are

negative for pChk2 expression are evidence of a crippled

checkpoint. It would be useful to examine subtype specific

breast cancer cell lines with persistently activated check-

points for sensitivity to inhibitors of Chk2 and Chk1. In

addition, since absence of BRCA1 and Fhit are not corre-

lated with activation of the checkpoint proteins, it may be

that the BRCA1 and/or Fhit-deficient TN cancers are more

likely to be sensitive to PARP inhibitors, as expected from

previous studies [13, 14, 17].

So why are TN breast cancers, including the basal-like

subgroup, more likely to show evidence of activated

checkpoints, deleted fragile tumor suppressors, and DDR

defects? It could be related to the cell type of origin for
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Fig. 6 DFS of breast cancers with low or no Fhit expression vs.

cancers with moderate or high Fhit expression (P = 0.008)

Fig. 7 DFS of patients based on breast cancer expression levels of

DDR proteins. The DDR-associated proteins assessed and used in this

DFS analysis were altered or activated expression of nuclear BRCA1,

cH2AX, pChk2, Fhit, p53; i.e., proteins involved in recognition of

DNA breaks (cH2AX), in checkpoint activation in response to breaks

(pChk2, p53), or DNA repair (Fhit, BRCA1). It is likely that subtype

is the driver of these differences because the DDR proteins tend to be

most frequently altered in TN cancers, though the analyses are limited

by the relatively large percentage of censored observations and the

small numbers of cases in some subgroups, as illustrated in Table S3
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these cancers. Basal-like breast tumors are enriched in

breast cancer stem cells [34–37], and p53 and BRCA1

proteins may have roles in stem cells [36, 37]. Presumably

stem cells, including cancer stem cells, have a longer his-

tory of cell divisions than differentiated cells, providing

many more opportunities for exposure to replication stress

followed by repair defects and genome instability. TN

cancers do show evidence of more genomic alterations than

other breast cancer subtypes [38]. It has even been sug-

gested that reduced expression of BRCA1 and Fhit may be

hallmarks of stem cells [37, 39]. The persistent expression

of DDR-associated proteins observed in this study in TN

cancers probably has an important role in development of

these cancers.

In a relevant example, Asakawa et al. [40] studied

human breast cancer biopsies and showed that treatment

with DNA damaging drugs induced nuclear foci of cH2AX,

conjugated ubiquitin, and Rad51 in a substantial fraction of

cases. The presence of BRCA1, cH2AX, or Rad51 foci

before treatment was inversely correlated with tumor

response to chemotherapy. DDR competence was further

evaluated by considering all four repair indicators together.

A high DDR score significantly correlated with low tumor

response. The results ‘‘suggested importance of evaluation

of DDR competence to predict breast cancer chemosensi-

tivity…’’ [40].

Tumor suppressors and interactors in breast cancer

subtypes

The most striking finding concerning Wwox expression

was that nearly 100% of metastatic tissues showed lower

Wwox expression than the matched primary tumors. This is

of particular interest because recent studies have shown

that siRNA-mediated knockdown of endogenous Wwox in

ovarian cancer cells increased adhesion to fibronectin and

WWOX-transfected cells in suspension culture displayed a

proapoptotic phenotype. The authors proposed that Wwox

acts as an ovarian tumor suppressor by modulating the

interaction between tumor cells and the extracellular matrix

and by inducing apoptosis in detached cells, suggesting a

role for Wwox loss in peritoneal dissemination of ovarian

cancer cells [41, 42]. Reduction of Wwox expression in

metastatic tissues suggest a similar role for Wwox loss in

lymph node metastasis. Expression of the Wwox-interact-

ing protein, ErbB4, in membrane and cytosolic forms, was

also significantly reduced in the metastatic lesions.

Sundvall et al. [43] have reviewed aspects of ErbB4

expression and prognostic significance in breast cancer and

have shown that absence of Wwox protein was associated

with the number of cancer-positive axillary lymph nodes.

Ap2a and c transcription factors have been implicated in

control of proliferation, differentiation, and apoptosis of

normal breast epithelium and in breast cancer. It is possible

that the association of Ap2c with TN cancers is related to

the role of Ap2c in proliferation of the mammary gland

precursor cells. A recent study [44] showed that the WWOX

gene is a transcriptional target of the Ap2c transcription

factor, suggesting an autoregulatory loop involving Wwox

and Ap2c proteins; thus, perhaps Wwox loss in TN cancers

permits nuclear Ap2c localization and upmodulation of

proliferative activity.

Clinical associations

In this study, DFS of cases with ErbB4 membrane posi-

tivity and reduced Fhit was significantly worse than others,

though expression of membrane ErbB4 has been associated

with favorable overall survival in previous studies [45, 46].

Our current results showed that expression of both cyto-

plasmic and membrane ErbB4 was more frequent in TN/

basal-like tumors, and the membrane form was associated

with worse DFS. Altogether, the results imply that

assigning a singular ‘‘good or bad’’ role for ErbB4 in breast

carcinogenesis is not straightforward [43].

Aqeilan et al. [46] assessed the clinical significance of

the Wwox-ErbB4 association in[500 breast cancers. Loss

of Wwox expression was associated with unfavorable out-

come, co-expression of membrane ErbB4 and Wwox was

associated with favorable outcome, compared with cases

with membrane ErbB4 and no Wwox immunoreactivity. In

our study, Wwox was lost in nearly 100% of the metastases,

and reduced cytoplasmic ErbB4 was significantly associ-

ated with metastatic tissues. Other investigators have

reported that the ErbB4 cytosolic form is associated with

apoptosis and favorable outcomes [45, 47], results that seem

consistent with our observation of loss of cytosolic ErbB4 in

metastatic tissues. Thus, there was a strong association of

loss of the Wwox signal pathway with breast cancer lymph

node metastasis, a finding that is likely tied to the role of

expression loss in allowing survival of tumor cells that have

detached from basement membranes [41].
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Guldberg P, Sehested M, Nesland JM, Lukas C, Ørntoft T, Lukas

J, Bartek J (2005) DNA damage response as a candidate anti-

cancer barrier in early human tumorigenesis. Nature 434:864–870

8. Bartek J, Bartkova J, Lukas J (2007) DNA damage signalling

guards against activated oncogenes and tumour progression.

Oncogene 26:7773–7779

9. Sozzi G, Pastorino U, Moiraghi L, Tagliabue E, Pezzella F,

Ghirelli C, Tornielli S, Sard L, Huebner K, Pierotti MA, Croce

CM, Pilotti S (1998) Loss of FHIT function in lung cancer and

preinvasive bronchial lesions. Cancer Res 58:5032–5037

10. Pichiorri F, Palumbo T, Suh S-S, Okumura H, Trapasso F, Ishii

H, Huebner K, Croce CM (2008) The Fhit tumor suppressor:

‘guardian of the preneoplastic genome’. Future Oncol 4:815–824

11. Cirombella R, Montrone G, Stoppacciaro A, Giglio S, Volinia S,

Graziano P, Huebner K, Vecchione A (2010) Fhit loss in lung

preneoplasia: relation to DNA damage response checkpoint

activation. Cancer Lett 6:249–259

12. Ishii H, Wang Y, Huebner K (2007) A Fhit-ing role in the DNA

damage checkpoint response. Cell Cycle 6:1044–1048

13. Farmer H, McCabe R, Lord CJ, Tutt AN, Johnson DA, Rich-

ardson TB, Santarosa M, Dillon KJ, Hickson I, Knights C, Martin

NM, Jackson SP, Smith GC, Ashworth A (2005) Targeting the

DNA repair defect in BRCA mutant cells as a therapeutic strat-

egy. Nature 434:917–921

14. Bryant HE, Schultz N, Thomas HD, Parker KM, Flower D, Lopez

E, Kyle S, Meuth M, Curtin NJ, Helleday T (2005) Specific

killing of BRCA2-deficient tumours with inhibitors of poly(ADP-

ribose) polymerase. Nature 434:913–917

15. Rowe BP, Glazer PM (2010) Emergence of rationally designed

therapeutic strategies for breast cancer targeting DNA repair

mechanisms. Breast Cancer Res 12:203–214

16. Tan AR, Swain SM (2008) Therapeutic strategies for triple-

negative breast cancer. Cancer J 14:343–351

17. Fong PC, Boss DS, Yap TA, Tutt A, Wu P, Mergui-Roelvink M,

Mortimer P, Swaisland H, Lau A, O’Connor MJ, Ashworth A,

Carmichael J, Kaye SB, Schellens JH, de Bono JS (2009)

Inhibition of poly(ADP-ribose) polymerase in tumors from

BRCA mutation carriers. N Engl J Med 361:123–134

18. Alli E, Sharma VB, Sunderesakumar P, Ford JM (2009) Defec-

tive repair of oxidative DNA damage in triple-negative breast

cancer confers sensitivity to inhibition of poly(ADP-ribose)

polymerase. Cancer Res 69:3589–3596

19. Turner N, Tutt A, Ashworth A (2004) Hallmarks of ‘BRCAness’

in sporadic cancers. Nat Rev Cancer 4:814–819

20. Ingvarsson S, Agnarsson BA, Sigbjornsdottir BI, Kononen J,

Kallioniemi OP, Barkardottir RB, Kovatich AJ, Schwarting R,

Hauck WW, Huebner K, McCue PA (1999) Reduced Fhit

expression in sporadic and BRCA2-linked breast carcinomas.

Cancer Res 59:2682–2689

21. Turner BC, Ottey M, Zimonjic DB, Potoczek M, Hauck WW,

Pequignot E, Keck-Waggoner CL, Sevignani C, Aldaz CM,

McCue PA, Palazzo J, Huebner K, Popescu NC (2002) The

fragile histidine triad/common chromosome fragile site 3B locus

and repair-deficient cancers. Cancer Res 62:4054–4060

22. Silva Soares EW, de Lima Santos SC, Bueno AG, Cavalli IJ,

Cavalli LR, Fouto Matias JE, de Souza Fonseca Ribeiro EM

(2010) Concomitant loss of heterozygosity at the BRCA1 and

FHIT genes as a prognostic factor in sporadic breast cancer.

Cancer Genet Cytogenet 199:24–30

23. Li L, Zou L (2005) Sensing, signaling, and responding to DNA

damage: organization of the checkpoint pathways in mammalian

cells. J Cell Biochem 94:298–306

24. Kastan MB, Bartek J (2004) Cell-cycle checkpoints and cancer.

Nature 432:316–323

25. Arlt MF, Durkin SG, Ragland RL, Glover TW (2006) Common

fragile sites as targets for chromosome rearrangements. DNA

Repair (Amst) 5:1126–1135

26. Fillingham J, Keogh MC, Krogan NJ (2006) GammaH2AX and

its role in DNA double-strand break repair. Biochem Cell Biol

84:568–577

27. Deng CX (2006) BRCA1: ccll cycle checkpoint, genetic insta-

bility, DNA damage response and cancer evolution. Nucleic

Acids Res 34:1416–1426

28. Sørlie T, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H,

Hastie T, Eisen MB, van de Rijn M, Jeffrey SS, Thorsen T, Quist

H, Matese JC, Brown PO, Botstein D, Eystein Lønning P,

Børresen-Dale A (2001) Gene expression patterns of breast car-

cinomas distinguish tumor subclasses with clinical implications.

Proc Natl Acad Sci USA 98:10869–10874

29. Niland JC (1998) NCCN Internet-based data system for the

conduct of outcomes research. Oncology 12:141–146

30. Guler G, Iliopoulos D, Guler N, Himmetoglu C, Hayran M,

Huebner K (2007) Wwox and Ap2c expression levels predict

tamoxifen response. Clin Cancer Res 13:6115–6121

31. Nielson TO, Hsu FD, Jensen K, Cheang M, Karaca G, Hu Z,

Hernandez-Boussard T, Livasy C, Cowan D, Dressler L, Akslen

LA, Ragaz J, Gown AM, Gilks CB, van de Rijn M, Perou CM

(2004) Immunohistochemical and clinical characterization of the

basal-like subtype of invasive breast carcinoma. Clin Cancer Res

10:5367–5374

32. Cheang MC, Voduc D, Bajdik C, Leung S, McKinney S, Chia

SK, Perou CM, Nielsen TO (2008) Basal-like breast cancer

defined by five biomarkers has superior prognostic value than

triple-negative phenotype. Clin Cancer Res 14:1368–1376

33. Furnival GM, Wilson RW Jr (1974) Regressions by leaps and

bounds. Technometrics 16:499–511

34. Lim E, Vaillant F, Wu D, Forrest NC, Pal B, Hart AH, Asselin-

Labat ML, Gyorki DE, Ward T, Partanen A, Feleppa F, Hus-

chtscha LI, Thorne HJ, ConFab k, Fox SB, Yan M, French JD,

Brown MA, Smyth GK, Visvader JE, Lindeman GJ (2009)

Aberrant luminal progenitors as the candidate target population

Breast Cancer Res Treat (2011) 129:421–432 431

123



for basal tumor development in BRCA1 mutation carriers. Nat

Med 8:907–913

35. Smalley M, Ashworth A (2003) Stem cells and breast cancer: a

field in transit. Nat Rev Cancer 3:832–844

36. Dontu G, El-Ashry D, Wicha MS (2004) Breast cancer, stem/

progenitor cells and the estrogen receptor. Trends Endocrinol

Metab 15:193–197

37. Liu S, Ginestier C, Charafe-Jauffret E, Foco H, Kleer CG,

Merajver SD, Dontu G, Wicha MS (2008) BRCA1 regulates

human mammary stem/progenitor cell fate. Proc Natl Acad Sci

USA 105:1680–1685

38. Linn SC, Van ‘t Veer LJ (2009) Clinical relevance of the triple-

negative breast cancer concept: genetic basis and clinical utility

of the concept. Eur J Cancer 45(Suppl 1):11–26

39. Ishii H, Mimori K, Ishikawa K, Okumura H, Pichiorri F, Druck T,

Inoue H, Vecchione A, Saito T, Mori M, Huebner K (2008) Fhit-

deficient hematopoietic stem cells survive hydroquinone expo-

sure carrying precancerous changes. Cancer Res 68:3662–3670

40. Asakawa H, Koizumi H, Koike A, Takahashi M, Wu W, Iwase H,

Fukuda M, Ohta T (2010) Prediction of breast cancer sensitivity

to neoadjuvant chemotherapy based on status of DNA damage

repair proteins. Breast Cancer Res 12:R17

41. Gourley C, Paige AJ, Taylor KJ, Ward C, Kuske B, Zhang J, Sun

M, Janczar S, Harrison DJ, Muir M, Smyth JF, Gabra H (2009)

WWOX gene expression abolishes ovarian cancer tumorigenicity

in vivo and decreases attachment to fibronectin via integrin

alpha3. Cancer Res 69:4835–4842

42. Zhang JQ, Li L, Song HL, Paige A, Gabra H (2009) Effects of

WWOX on ovarian cancer cell attachment in vitro. Zhonghua Fu

Chan Ke Za Zhi 44:529–532

43. Sundvall M, Iljin K, Kilpinen S, Sara H, Kallioniemi OP, Elenius

K (2008) Role of ErbB4 in breast cancer. J Mammary Gland Biol

Neoplasia 13:259–268

44. Woodfield GW, Chen Y, Bair TB, Domann FE, Weigel RJ (2010)

Identification of primary gene targets of TFAP2C in hormone

responsive breast carcinoma cells. Genes Chromosomes Cancer

49:948–962

45. Thor AD, Edgerton SM, Jones FE (2009) Subcellular localization

of the HER4 intracellular domain, 4ICD, identifies distinct

prognostic outcomes for breast cancer patients. Am J Pathol

175:1802–1809

46. Aqeilan RI, Donati V, Gaudio E, Nicoloso MS, Sundvall M,

Korhonen A, Lundin J, Isola J, Sudol M, Joensuu H, Croce CM,

Elenius K (2007) Association of Wwox with ErbB4 in breast

cancer. Cancer Res 67:9330–9336

47. Feng SM, Sartor CI, Hunter D, Zhou H, Yang X, Caskey LS, Dy

R, Muraoka-Cook RS, Earp HS 3rd (2007) The HER4 cyto-

plasmic domain, but not its C terminus, inhibits mammary cell

proliferation. Mol Endocrinol 21:1861–1876

432 Breast Cancer Res Treat (2011) 129:421–432

123


	Aberrant expression of DNA damage response proteins is associated with breast cancer subtype and clinical features
	Abstract
	Introduction
	Materials and methods
	Construction of the breast cancer TMAs
	The SFBCAS TMA

	Immunohistochemical analysis
	Statistical analysis

	Results
	Breast cancer characteristics
	DDR-associated protein expression in breast cancer
	The SFBCAS TMA

	Tumor suppressors and interacting proteins in association with breast cancer subtypes
	Primary tumors and metastases
	Associations of markers and outcomes

	Discussion
	Associations among marker proteins
	DDR-associated proteins and breast cancer subtypes
	Tumor suppressors and interactors in breast cancer subtypes
	Clinical associations

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropMonoImages true
  /MonoImageMinResolution 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


