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PRECLINICAL STUDY

DEAD box 1: a novel and independent prognostic marker
for early recurrence in breast cancer
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Abstract Breast cancer is a heterogeneous disease char-
acterized by diverse molecular signatures and a variable
response to therapy. Clinical management of breast cancer is
guided by the expression of estrogen and progesterone
receptors and HER2 amplification. New prognostic and
predictive markers, as well as additional targets for therapy,
are needed for more effective management of this disease.
Gene expression microarrays were probed with RNAs from
176 primary breast cancer samples and tissue microarrays
immunostained with anti-DDX1 antibody, an antibody to
DEAD box protein DDX1, a putative RNA-RNA and RNA-
DNA unwinding protein normally found in the nucleus. Half
of the patient cohort had experienced early relapse despite
standard adjuvant therapy, but were otherwise matched for
estrogen receptor and HER2 status, stage and duration of
follow-up. Here, we identify DDX 1 RNA overexpression as
an independent prognostic marker for early recurrence in
primary breast cancer, with a hazard ratio of 4.31 based on
logrank analysis of Kaplan—Meier curves. Elevated levels
of DDXI1 protein in the cytoplasm also independently cor-
relate with early recurrence with a hazard ratio of 1.90. In
conclusion, our data indicate a strong and independent
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association between poor prognosis and deregulation of the
DEAD box protein DDX1. We propose that elevated levels
of DDX1 RNA or the presence of DDX1 in the cytoplasm
could serve as an effective prognostic biomarker for early
recurrence in primary breast cancer.
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Introduction

Breast cancer is the second highest cause of cancer-related
death in women, with approximately 1 million new cases
diagnosed each year worldwide [1]. While there have been
significant advances in the development of endocrine and
chemotherapy-based therapies for the treatment of breast can-
cer, approximately 30% of women with early stage disease will
eventually relapse [2], and those with distant metastases have
less than a 3% chance of long-term survival [3-6]. The
molecular pathways and events underlying recurrence in breast
cancer are poorly understood. To compound this problem,
breast cancer represents a conglomerate of many different
clinical and pathological diseases characterized by different
genetic alterations, growth properties, and responses to therapy.

A number of clinical and molecular parameters have
traditionally been used to classify breast cancers including
stage, grade (number of mitoses, nuclear architecture and
tubule formation), estrogen receptor (ER) and progesterone
receptor (PR) status, and HER2 (ERBB2) amplification.
Recent molecular profiling based on hormone receptor
status, HER2 amplification, and proliferation rates have
resulted in the widely accepted classification of breast
cancer into four major subtypes: luminal A (ER+ve,
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PR+ve, low proliferation, and HER2—ve); luminal B
(ER+ve, PR+ve, with either a higher proliferative index
or HER2+ve); HER2-amplified (ER—ve, PR—ve and
HER2+ve); and triple-negative or basal-like (ER—ve,
PR—ve, and HER2—ve) [7-10]. Of these four subtypes,
luminal A breast cancers have the best prognosis, with
tumors responding well to adjuvant hormone therapy. In
the absence of a specific target for therapy, triple-negative
tumors have the worst prognosis [11]. While this molecular
classification allows for more precise prognosis and treat-
ment recommendations, there is still considerable response
variation within each subtype [12].

Similarly, genome wide transcriptome analysis has
defined multi-gene signatures reflecting breast cancer sub-
types. Several multi-gene signatures with varying prog-
nostic significance have been reported [13—15]. The 21-gene
recurrence score assay and the 70-gene signature Mamma-
Print are currently being marketed as prognostic tools for
breast cancer [16, 17]. Recent reports suggest that these
multigene assays help identify which patients will benefit
from chemotherapy [18]. In spite of these advances, it is
clear that we need: (i) a better understanding of the events
underlying early relapse in breast cancer, (ii) novel prog-
nostic markers which can independently predict recurrence,
and (iii) new approaches to the treatment of breast cancers
with a poor prognosis.

DEAD box 1 (DDX1) is a member of the D(Asp)-E(Glu)-
A(Ala)-D(Asp) box protein family of RNA unwinding pro-
teins [19]. DDX1 is amplified and over-expressed in a subset
of retinoblastoma and neuroblastoma tumors [20-23] and has
recently been reported to be involved in the development of
testicular tumors [24]. DDX1 is widely expressed in different
cell types and tissues, albeit at different levels [20], and
appears to be essential for embryonic development as knock-
out of the DDX] gene results in early embryonic lethality in
both mice (our unpublished data) and Drosophila melano-
gaster [25]. A number of roles have been proposed for DDX1
including RNA processing, RNA transport from the nucleus to
the cytoplasm and RNA clearance at sites of double-strand
breaks [26-30]. Although DDX1 is predominantly a nuclear
protein, it is also found in the cytoplasm of DDX/-amplified
neuroblastomas and retinoblastoma cells [31].

Here, we examine DDXI1 expression and subcellular
location in gene expression microarrays and tissue micro-
arrays designed to identify biomarkers associated with
early recurrence in primary breast cancer. We show that
over-expression of DDXI1 RNA (by as little as 40%) and
elevated levels of DDX1 protein in the cytoplasm can both
serve as prognostic markers of recurrence and death. Cor-
relation of DDX1 with recurrence is independent of the
commonly used breast cancer markers ER, PR, HER2
amplification, grade and stage, thus identifying DDX1 as a
novel prognostic marker.
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Materials and methods
Patient selection

Gene expression microarray analysis was performed on
176 primary, treatment- naive breast cancer samples and 10
normal breast tissue samples acquired from reduction
mammoplasties through the Canadian Breast Cancer
Foundation Tumor Bank. A flow chart depicting patient
selection criteria is presented in Fig. 1. Patient information
was collected under Research Ethics Board Protocol ETH-
02-86-17. The tumor samples, collected at surgery, were
frozen in liquid nitrogen within 20 min of devitalization.
Evaluation of histology slides from tissue adjacent to the
frozen samples indicated that at least 70% of the cells
present were invasive tumor cells.

Gene expression analysis

Total RNA was isolated from the frozen samples using
Trizol and QIAGEN RNeasy columns. The RNA was
quantified using a NanoDrop 1000 Spectrophotometer and
its integrity evaluated using a Bioanalyzer 2100. RNA
samples with RNA Integrity Numbers (RIN) greater than
7.0 were used.

The RNA was subjected to linear amplification and Cy3
labeling, then hybridized to Agilent Whole Human Gen-
ome Arrays using Agilent Technologies kits (One Color
Low RNA Input Linear Amplification Kit Plus, One Color
RNA Spike-In Kit and Gene Expression Hybridization
Kit). The arrays were scanned using an Agilent Scanner.
The data were extracted and quality-evaluated using Fea-
ture Extraction Software 9.5, and normalized and analyzed
using GeneSpring GX 7.3 (Agilent Technologies).

Tissue microarray construction
and immunohistochemical analysis

The TMA included three 0.6 mm cores from each of the
samples and was constructed using a TMArrayer (Pathol-
ogy Devices, Westminster, Maryland). TMAs were depa-
raffinized in xylene, re-hydrated and microwaved for
20 min in epitope retrieval buffer (10 mM citrate, 0.05%
Tween-20; pH 6). TMAs were immunostained with rabbit
anti-DDX1 antibody (1:2000) (batch 2910) [31] or mouse
anti-Ki67 antibody (clone MIB-1; proliferation marker)
(DakoCytomation, Carpinteria, California).

Scoring and quantification of immunohistochemical
staining

Ki67 scoring to measure proliferative index was performed
by a single pathologist (JH) blinded to outcomes, using the
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Fig. 1 Flow chart depicting patient selection for the study. Of the
original population of 988 consented patients with treatment-naive
primary breast cancer, 88 had suffered an early relapse by September
30, 2009 when the data were locked. The women whose tumors were
selected for this study received standardized guideline-based chemo-
and hormonal therapies. These treatment guidelines recommend
anthracycline chemotherapy for high risk node-negative disease,
anthracycline with taxane chemotherapy for node-positive disease,
hormonal therapy for all patients with ER+ve disease, and trast-
uzumab for those with HER2 positive tumors. Two groups of patients
were selected for analysis, the first consisting of 88 patients who
experienced an early relapse (less than 5 years after the initial
treatment), and the second consisting of 88 patients who did not
relapse. The two groups were matched for ER and HER? status, stage
and time of follow-up. The median duration of follow-up for
surviving patients was 4.5 years. Abbreviation: FFPE, formalin fixed
paraffin embedded

MIB1 antibody and dichotomized at 15% nuclear staining
[10]. DDX1 protein was scored separately for nuclear and
cytoplasmic levels. Each score was based on the average
staining intensity throughout the tumor tissue on a scale of 0—
3. Cytoplasmic staining was considered high if the score was
2-3 and low if the score was 0—1, while nuclear staining was
considered high if the score was 3 and low if the score was 1
or 2 (no tumors were scored O as all tumors had some DDX1
in the nucleus). With few exceptions, staining intensity was
consistent in all tumor cells throughout a single core. DDX1
staining was scored by DG with 63 random samples inde-
pendently scored by JH. The agreement between the two sets
had a Cohen’s kappa value of 0.69 (substantial agreement)
with complete agreement in 85% of cases for cytoplasmic

intensity and a Cohen’s kappa value of 0.57 (moderate
agreement) with complete agreement in 78% of cases for
nuclear intensity. Acquisition of images was performed
using an Axioskop2 plus microscope with a 20x or40x lens,
a ZeissAxiocam and AxioVision software, version 4.7.1.0
(Carl Zeiss Microlmaging, Jena, Germany).

Statistical analysis

Statistical analyses were performed using MedCalc for
Windows, version 11.1.0.0 (MedCalc Software, Mari-
akerke, Belgium). Rank correlation was performed to
determine Spearman’s Rho. Clinical/pathological variables
as a function of DDX1 scores were assessed for both gene
expression microarrays and TMAs using the Students’s
t test (continuous variables), Fisher’s exact test (2 category
variables), and chi-square test (3 or more category vari-
ables). Survival and recurrence-free survival were analyzed
using the logrank test on Kaplan—Meier survival curves.
Cox proportional-hazard regression was performed for
univariate analysis using an enter model for survival and
recurrence-free survival. Multivariate analysis was per-
formed using a backward enter model with variable
removal at P > 0.10 to test statistical significance and
independence of factors shown to be significant by uni-
variate analysis for survival or recurrence-free survival.
This study complies with the Reporting Recommendation
for Tumor Marker Prognostic Studies guidelines [32].

Results
Gene expression analysis of DDX1 in breast cancer

Gene expression microarrays were hybridized using RNAs
isolated from samples obtained from 176 primary treat-
ment-naive breast cancer patients (45 stage I, 117 stage
ITA/IB, and 14 stage IITA/IIIB). Eighty-eight of the 176
patients experienced early relapse (recurrence within
5 years) and 57 patients had died when the study was
locked (September 30 2009). Of the 176 tumors analysed,
31 were classified as luminal A, 45 as luminal B, 8 as
HER2+-ve and 56 as triple negative. Thirty-six samples
were simply classified as luminal as their Ki67 status was
not available (Table 1).

Relative DDX1 RNA levels in the 176 tumors ranged
from 0.497 to 3.437. In comparison, relative DDXI RNA
levels in 10 normal breast tissue samples ranged from
0.804 to 1.094. ROC curve analysis in relation to recur-
rence defined a relative RNA level of more than 1.365 as
the most appropriate cut-off point (sensitivity 23%, selec-
tivity 91%). Of 176 patients, 28 (16%) had relative DDX1
RNA levels of >1.365, with the remaining 148 (84%)
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Table 1 Clinicopathologic features of the patients included in the
gene expression microarray analysis

Univariate analysis

Recurrence Death

HR P HR P

Number of patients 176
Age at diagnosis

Median 52 years
Range 26-89 years
Recurrence
Events 88 (50%)
Average time to 818 days
Death
Events 57 (32%)
Average time to 1,056 days
ER status
Positive 112 (64%) 0.61 0.03 0.35 <0.001
Negative 64 (36%)
PR status
Positive 94 (53%) 0.55 <0.01 043 <0.01
Negative 82 (47%)
HER?2 status
Amplified 30 (17%) 1.02 0.95 0.98 0.96
Non-amplified 146 (83%)
Grade
3 120 (68%) 1.68 0.04 1.84 0.05
1-2 56 (32%)
Stage
I 45 (26%) 1.17 0.46 1.38 0.21
ITA/IIB 117 (66%)
IIA/IIIB 14 (8%)
Subtype
Luminal A 31 (18%)
Luminal B 45 (26%)
Luminal undefined 36 (20%)
HER?2 amplified 8 (5%)
Triple negative 56 (32%)

Gene expression microatray score for DDX/

Range 0.497-3.437 274 <0.0001 2.09 0.02
<1.365 148 (84%)
>1.365 28 (16%)

P values correspond to univariate Cox regression analysis. Percent-
ages may not equal 100% due to rounding. HR hazard ratio

P values in bold indicate statistical significance (P < 0.05)

having relative RNA levels of <1.365. Univariate Cox
regression analysis showed a significant correlation to both
recurrence and death for negative ER status, negative PR
status, high grade (defined as grade 3) and elevated DDXI
RNA levels. There was no correlation to death or recur-
rence for HER2 status or stage (Table 1).
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DDX1 RNA levels correlate with death, recurrence, ER
negative status, PR negative status, and high grade

Fisher’s exact tests, chi square tests or Student’s ¢ tests
were performed to determine if elevated DDX1 RNA levels
correlated with known prognostic indicators and clinical
outcomes. High DDX1 RNA levels were found to correlate
with recurrence, death, negative ER status, negative PR
status, and high grade (Fig. 2a, b). There was no correla-
tion between relative DDXI RNA levels of >1.365 and
HER2 amplification, breast cancer family history, meno-
pause status, stage, and tumor size (Fig. 2b).

Kaplan—Meier survival curve analysis of high DDX1 RNA
levels showed a higher risk of recurrence with a hazard ratio of
4.31 (95% CI 2.22-9.19, P < 0.0001) (Fig. 2c) and a higher
risk of death with a hazard ratio of 2.58 (95% CI 1.22-5.61,
P = 0.014) (Fig. 2d). Similar data were obtained upon anal-
ysis of recurrence within systemic therapy subgroups (4- or —
adjuvant chemotherapy; + or — adjuvant hormone therapy).
High DDX1 RNA levels were significantly associated with
recurrence in patients who received chemotherapy, with a
hazard ratio of 8.45 (95% CI 3.38-21.05, P < 0.0001) and in
patients who received hormone therapy, with a hazard ratio of
14.68 (95% CI 3.49-61.65, P = 0.0002). Although not sig-
nificant, there was also a trend towards increased recurrence in
patients who did not receive chemotherapy and in patients
who did not receive hormone therapy.

DDX1 protein subcellular localization in breast cancer
tissue

A TMA was generated using breast cancer tissue samples
from 120 (of the original 176) patients, of which seven were
discarded because of insufficient tissue left on the TMA. The
TMA also included cores from six normal breast tissue.
TMAs were immunostained with anti-DDX1 antibody.
Sixty-two of the 113 patients represented in the TMAs had
recurred at the time of analysis, and 32 patients had died
(Table 2).

As different levels of DDX1 protein were observed in
the cytoplasm and nucleus, cytoplasmic and nuclear DDX1
protein were individually scored (Figs. 3b—g). Nuclear
staining was scored on a relative scale of 1-3, while
cytoplasmic staining was scored on a relative scale of 0-3.
There was a non-random distribution of nuclear to cyto-
plasmic staining intensity (P < 0.001), with an inverse
relationship between cytoplasmic and nuclear levels
(rtho = —0.28, P = 0.0027) (Fig. 3a). Thirty-seven of 113
(33%) tumors had a cytoplasmic score of 2 or 3. In con-
trast, all six normal breast tissues had cytoplasmic scores of
0 or 1 and nuclear scores of 3 (Fig. 3g).

Univariate analysis of the 113 tumor samples showed
a significant correlation with both recurrence and death
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Fig. 2 a, b Occurrence of clinical/pathological features in patients
with relative DDXI RNA levels of >1.365 (n = 28) compared to
patients with relative DDX1 RNA levels of <1.365 (n = 148). High
DDXI1 RNA levels were found to correlate with recurrence [71% of
cases with elevated DDX 1 RNA (>1.365) showed recurrence compared
to 46% of cases with low DDX1 RNA (<1.365)], death (50% compared
t029%), negative ER status (71% compared to 29%), negative PR status
(71% compared to 42%), and high grade (86% compared to 65%). There
was no correlation between relative DDX/ RNA levels of >1.365 and
HER2 amplification (14% compared to 18%), breast cancer family

for: (i) negative PR status and (ii) elevated levels of DDX1
in the cytoplasm. A significant correlation was also
observed between grade and recurrence, but not grade and
death. A negative ER status was correlated with death only,
whereas decreased levels of DDXI1 protein in the nucleus
was correlated with recurrence only (Table 2).

Subcellular DDX1 protein localization correlates
with death, recurrence, ER negative status,
and PR negative status

Statistical analysis was performed as described for DDX1
RNA to determine if elevated levels of DDXI1 protein in

57
DDX1 RNA =1.3656 =1.365 p
Total 28 148
Recurrence 20 68 p=0.011
Death 14 43 p=0.028
Megative ER status 20 44 p<0.001
Negative PR status 20 62 p<0.01
High grade 24 96 p=0.024
HERZ2 amplified 4 26 p=0.45
Breast cancer family 1 66 p=0.38
history
Pre-menopausal 11 49
Peri-menopausal 3 12 p=0.98
Post-menopausal 14 87
Stage | 8 37
Stage IIA/B 17 100 p=0.74
Stage IIA/B 3 1
Average tumor size 2.78cm 262cm  p=0.62
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history (39% compared to 45%), menopause status (39% pre-, 50%
post-, and 11% peri-menopausal compared to 33% pre-, 59% post-, and
8% peri-menopausal), stage (29% stage I, 61% stage IIA/B and 11%
stage IIIA/B compared to 25% stage 1, 68% stage I1A/B, and 7% stage
IITIA/B), and tumor size (average size of 2.8 cm compared to 2.6 cm).
* Indicates P < 0.05, ** indicates P < 0.01. P values in bold indicate
statistical significance (P < 0.05). ¢, d Kaplan—-Meier survival curves of
patients with relative DDX1 RNA levels >1.365 (n = 28) compared to
patients with relative DDX1 RNA levels <1.365 (n = 148). ¢ Recur-
rence-free survival. d Survival. HR hazard ratio

the cytoplasm (defined by a score of 2 or 3) compared to
low levels in the cytoplasm (defined by a score of 0 or 1)
correlated with known prognostic indicators and clinical
outcomes. Elevated levels of DDX1 protein in the cyto-
plasm were found to correlate with recurrence, death,
negative ER status, negative PR status, and high grade
(Figs. 4a, b). There was no correlation between elevated
levels of cytoplasmic DDX1 protein and HER2 amplifi-
cation, breast cancer family history, menopause status,
stage, and tumor size (Fig. 4b). Kaplan—Meier survival
curve analysis of cytoplasmic DDX1 localization showed a
higher risk of recurrence with a hazard ratio of 1.90 (95%
CI 1.09-3.34, P = 0.0237) (Fig. 4c) and death with a
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Table 2 Clinicopathologic features of the patients included in the
TMA analysis

Univariate analysis

Recurrence Death

HR P HR P

Number of patients 113
Age at diagnosis

Median 51 years
Range 26-89 years
Recurrence
Events 62 (55%)
Average time to 755 days
Death
Events 32 (29%)
Average time to 910 days
ER status
Positive 70 (62%) 065 010 035 <0.01
Negative 43 (38%)
PR status
Positive 58 (51%) 053 0.01 042 0.02
Negative 55 (49%)
HER?2 status
Amplified 21 (19%) 090  0.77 1.00  0.99
Non-amplified 92 (81%)
Grade
3 78 (69%) 1.88  0.03 236 0.06
1-2 35 31%)
Stage
I 29 (26%) 096  0.84 141 025
ITA/IIB 74 (65%)
IIA/IIIB 10 (9%)
Subtype
Luminal A 34 (30%)
Luminal B 36 (32%)
HER?2 amplified 6 (5%)
Triple negative 37 (33%)
Cytoplasmic DDX1 intensity
0 28 (25%)
1 48 (42%)
2 28 (25%) 0-1 vs. 2-3 0-1 vs. 2-3
3 9 (8%) 1.79  0.03 251 <0.01
Nuclear DDX1 intensity
1 22 (19%)
2 31 (27%) 1vs.2vs. 3 1vs.2vs. 3
3 60 (53%) 072 0.04 075 0.18

P values correspond to univariate Cox regression analysis. Percent-
ages may not equal 100% due to rounding. HR hazard ratio

P values in bold indicate statistical significance (P < 0.05)
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hazard ratio of 2.79 (95% CI 1.32-5.89, P = 0.0073)
(Fig. 4d).

There was also correlation between low levels of nuclear
DDX1 protein (score of 1 or 2 in the nucleus) and known
prognostic markers (negative ER status, negative PR status
and high grade) but not clinical outcome based on the
number of events (data not shown). However, we did
observe a non-significant trend between low levels of DDX1
protein in the nucleus and recurrence, but not death, based
on logrank analysis of Kaplan—-Meier curves (HR = 1.65,
95% CI 0.99-2.76, P = 0.055) and univariate Cox regres-
sion analysis (HR = 1.62, 95% CI 0.99-2.68, P = 0.058).

DDX1 RNA levels and protein localization predict
recurrence independently of common markers

Multivariate Cox regression analysis of factors shown to be
significant in our univariate analysis (DDX/ RNA levels,
DDX1 localization, ER status, PR status, and grade) was
performed to determine if either DDX/ RNA levels or
protein localization, or both parameters, were indepen-
dently predictive of death and recurrence (Table 3).

First, we carried out multivariate analysis on the four
variables found to be significantly associated with survival
or recurrence in the 176-patient gene expression microarray
study: relative DDX1 RNA levels, ER status, PR status, and
grade. We used the backward stepwise method to remove
variables at each step based on a 0.1 level of significance.
Only one variable was retained when survival was modeled:
ER status (HR = 0.35 95% CI 0.21-0.60, P = 0.0001).
Upon modelling recurrence-free survival in the same cohort,
all four factors were retained, DDXI RNA levels (HR =
2.6195% CI 1.50-4.54, P = 0.0007), ER status (HR =1.92
95% CI 0.89-4.12, P = 0.10), PR status (HR = 0.43 95%
CI 0.23-0.83, P = 0.01), and grade (HR = 1.67 95% CI
0.96-2.90, P = 0.07). Three of the four variables retained in
our model for recurrence had hazard ratios similar to those
calculated using univariate analysis (DDX] RNA level, PR
status, and grade) suggesting that they have independent
prognostic value. The hazard ratio for ER status is signifi-
cantly different in the univariate analysis (0.61) compared to
the multivariate analysis (1.92), suggesting that ER status
does not confer an independent prognostic value. This is
expected as our patient cohort (relapsed vs. non-relapsed)
was controlled for ER status.

Second, we carried out multivariate analysis with the
four variables found to be significantly associated with
survival or recurrence in the 113-patient TMA study:
cytoplasmic DDX1 protein, ER status, PR status, and
grade. Upon modelling survival, only cytoplasmic DDX1
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Fig. 3 DDXI1 protein A
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non-random with a p value of
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distribution analysis. b Breast
cancer tissue from patient
MT861 had a nuclear DDX1
score of 1 (N = 1) and a
cytoplasmic DDX1 score of 1
(C = 1). The boxed area is
magnified in the right panel.
c—f The nuclear and cytoplasmic
DDX1 scores for patient GT178
(c), patient MT340 (d), patient
GT226 (e), and patient MT604
(f) are indicated at the bottom
left of each figure. g Normal
breast tissue had a nuclear
DDX1 score of 3 and a
cytoplasmic DDX1 score of 0.
Scale bars = 60 um

protein (HR = 1.97 95% CI 0.96-4.06 P = 0.067) and ER
status (HR = 0.43 95% CI 0.21-0.89, P = 0.024) were
retained. The model for recurrence-free survival retained
only cytoplasmic DDX1 protein (HR = 1.73 95% CI 1.04—
2.88, P = 0.036) and grade (HR = 1.82 95% CI 1.02—
3.27, P = 0.045). Cytoplasmic DDX1 protein and grade
were retained with hazard ratios similar to those generated
by univariate analysis suggesting that they both provide
independent prognostic significance.

Discussion

Breast cancer is increasingly managed on the basis of
molecular classification. There is widespread consensus
that ER+/PR+/low proliferation tumors are associated
with a good outcome while HER2-positive and triple-
negative tumors are associated with a poor outcome.
Adjuvant hormonal therapy in ER+ve breast cancers,

which constitute ~70% of breast cancers in developed
countries, reduces the relative risk of death by approxi-
mately 22% and the risk of recurrence by 42% [33].
Nonetheless, a significant number of ER+ve tumors will
relapse. At issue are the diverse nature of breast cancer and
the complexity and multitude of events leading to tumor
formation and progression.

Here, we use gene expression and immunohistochemical
analysis to investigate DDX1 expression in 176 primary
breast cancers, half of which were selected for early recur-
rence. We demonstrate a highly significant correlation
between recurrence and increases in DDXI RNA levels,
with a hazard ratio of 4.31. We also observe a significant
correlation between recurrence and elevated DDX1 protein
in the cytoplasm, and a non-significant trend between
recurrence and low levels of DDX1 in the nucleus. Fur-
thermore, analysis of systemic therapy subgroups suggests
that elevated levels of DDX/ RNA is a prognostic factor
for all treatment subpopulations. Assessment of DDX1’s
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Fig. 4 a, b Occurrence of clinical/pathological features in patients
with high levels of DDX1 protein in the cytoplasm (DDX1 scores of 2
or 3) (n = 37) compared to patients with low levels of DDX1 in the
cytoplasm (DDX1 scores of 0 or 1) (n = 76). Elevated levels of
DDXI1 protein in the cytoplasm were found to correlate with death
(46% of cases with elevated cytoplasmic DDX1 protein levels
compared to 20% of cases with low cytoplasmic DDX1 protein
levels,), recurrence (68% compared to 49%), negative ER status (59%
compared 28%), negative PR status (78% compared to 34%,
P < 0.0001) and high grade (81% compared to 63%). There was no
correlation between elevated levels of cytoplasmic DDX1 protein and

predictive value for treatment outcome in primary breast
cancer will require evaluation of DDXI1 in the context of a
randomized clinical trial.

Cox multivariate analysis of high DDX1 RNA levels and
DDX1 cytoplasmic localization indicate that both DDX]
RNA levels and cytoplasmic localization are independent
markers of recurrence. In both cases, the hazard ratio
remained relatively unchanged between univariate and
multivariate analysis, demonstrating that additional factors
(ERa, grade) did not significantly modulate the effect
of DDXI RNA or protein localization. Cytoplasmic
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HER?2 amplification (14% compared to 21%), breast cancer family
history (49% compared to 38%), menopause status (32% pre-, 59%
post-, and 8% peri-menopausal compared to 36% pre-, 55% post-, and
9% peri-menopausal), stage (22% stage I, 62% stage IIA/B and 16%
stage IIIA/B compared to 28% stage 1, 67% stage IIA/B, and 5% stage
IIIA/B), and tumor size (average size of 3.3 compaired to 2.7 cm).
* Indicates P < 0.05, ** indicates P < 0.01. P values in bold indicate
statistical significance (P < 0.05). ¢, d Kaplan—Meier survival curves
of patients with cytoplasmic DDX1 scores of 2 and 3 (n = 37)
compared to patients with cytoplasmic DDX1 scores of 0 and 1
(n = 76). ¢ Recurrence-free survival. d Survival. HR hazard ratio

DDX1 localization, but not DDXI RNA levels, was also
independently correlated with death. These results suggest
that DDX1 analysis refines prognostic assessments using
standard clinicopathologic parameters (stage, grade, hor-
mone receptor and HER?2 status) in a population receiving
guideline-based standardized adjuvant therapy.

It is not clear to what extent increased DDX/ RNA levels
correlates with increased DDX1 protein levels in the breast
cancer tissues analysed. Although there was considerable
overlap between those recurrences characterized by ele-
vated DDXI RNA levels and those characterized by
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Table 3 Cox multivariate analysis of survival and recurrence-free
survival based on the gene expression microarray data and TMA data

Factor Survival Recurrence-free survival
HR 95% CI P HR 95% CI P
Microarray n = 176
DDX1 N/S N/S N/S 2.61 1.50-4.54 <0.001
ER 0.35 0.21-0.60 0.0001 192 0.894.12 0.10
PR N/S N/S N/S 043 0.23-0.83 0.01
Grade N/S N/S N/S 1.67 0.96-2.90 0.07
TMA n = 113
DDX1 197 0.96-4.06 0.07 1.73  1.04-2.88 0.04
ER 043 0.21-0.89 0.02 N/S N/S N/S
PR N/S N/S N/S N/S N/S N/S
Grade N/S N/S N/S 1.82  1.02-3.27 0.04

HR hazard ratio, CI confidence interval

elevated levels of DDX1 protein in the cytoplasm, it seems
unlikely that the relatively small increases in DDXI RNA
levels (>40%) detected by gene expression microarray
analysis could account for the considerable increases in
cytoplasmic DDX1 protein levels observed by TMA anal-
ysis We postulate that deregulation of DDX1, be it at the
expression or subcellular distribution level, is at the heart of
its association with recurrence. In support of this idea,
analyses of a wide variety of tissues and cell lines demon-
strate that DDX1 is primarily a nuclear protein [26, 31], with
the exception of MYCN/DDXI-amplified retinoblastoma
and neuroblastoma tumor cells which show equal distribu-
tion of DDXI1 protein in the nucleus and cytoplasm [31].
Furthermore, we have not been able to stably alter DDX1
protein levels in either cell lines or transgenic mice (our
unpublished data), and knock-out of DDXI in fruit flies
produces an embryonic lethal phenotype [25]. Combined,
these data suggest that levels of DDX1 and its subcellular
distribution are tightly controlled and that it is only when
cells become tumorigenic that this regulation is relaxed.
DDX1 is a DEAD box protein that can bind and unwind
DNA/RNA and RNA/RNA duplexes in vitro [29]. Roles
proposed for DDXI1 include RNA processing [26, 34],
transcription regulation [24], DNA double-strand break
repair [29], and RNA transport [27, 28]. While the first three
roles are strictly dependent on the presence of DDX1 protein
in the nucleus, RNA transport involves shuttling of mole-
cules between the nucleus and cytoplasm, and to specific
regions of the cytoplasm. Deregulation of DDX1 could
result in altered subcellular localization of RNAs, which in
turn could affect the availability of specific RNAs for
translation. Thus, breast cancer cells with elevated levels
of cytoplasmic DDXI1 protein may exhibit alterations in
their complement of translated proteins. As increases in
cytoplasmic DDX1 protein are associated with a worse

prognosis, reduction of its extraneous cytoplasmic activity
represents an attractive therapeutic option. One possibility is
to target DDX1 with small molecule inhibitors, as reported
for two other DEAD box proteins [35, 36].

The mechanisms of action of several members of the
DEAD box protein family implicated in cancer have been
investigated. For example, p68 (DDXS5) and p72 (DDX17)
have been shown to interact with ERx and to alter ER«
transcription activity in breast cancer cells [37, 38].
Expression of p72 in ERoa-positive breast cancers is asso-
ciated with longer recurrence-free survival and overall sur-
vival, and is inversely correlated with HER2 expression.
DDX6 (RCK/p54), is over-expressed in colorectal cancer,
and may be deregulating proliferation by activating the Wnt
pathway [39]. Finally, DDX53 (CAGE), normally specific
to the testis, is expressed in a variety of cancers, including
lung, cervical, and colon [40]. The wide spectrum of asso-
ciations between DEAD box proteins and cancer define this
family of proteins as an attractive target for future therapies.

In summary, we show that increased DDX1 RNA levels
and cytoplasmic localization of DDX1 protein both corre-
late with increased risk of recurrence in breast cancer,
independently of commonly used markers such as ERo and
grade. Future study will involve determining whether
DDXI1 can serve as a prognostic marker for all subtypes
of breast cancer, and to assess DDX1’s potential as a
predictive biomarker and breast cancer therapeutic target.

Acknowledgements We are grateful to Lillian Cook and Cheryl
Santos for their excellent technical assistance, Adrian Driga for his
help with database analysis and Sunita Ghosh for her assistance with
statistical analyses. This study was supported by grants from the
Alberta Cancer Board—Research Initiative Program (R.G.), Alberta
Cancer Research Institute (J.R.M.) and an Alberta Cancer Foundation
studentship (D.R.G.).

References

1. Porter P (2008) “Westernizing” women’s risks? Breast cancer in
lower-income countries. N Engl J Med 358:213-216

2. Jones SE (2008) Metastatic breast cancer: the treatment chal-
lenge. Clin Breast Cancer 8:224-233

3. Bergh J, Jonsson PE, Glimelius B, Nygren P (2001) A systematic
overview of chemotherapy effects in breast cancer. Acta Oncol
40:253-281

4. Lopez-Tarruella S, Martin M (2009) Recent advances in systemic
therapy: advances in adjuvant systemic chemotherapy of early
breast cancer. Breast Cancer Res 11:204

5. Barnadas A, Gil M, Sanchez-Rovira P, Llombart A, Adrover E,
Estevez LG, De la Haba J, Calvo L (2008) Neoadjuvant endo-
crine therapy for breast cancer: past, present and future. Anti-
cancer Drugs 19:339-347

6. Fossati R, Confalonieri C, Torri V, Ghislandi E, Penna A, Pistotti
V, Tinazzi A, Liberati A (1998) Cytotoxic and hormonal treat-
ment for metastatic breast cancer: a systematic review of pub-
lished randomized trials involving 31,510 women. J Clin Oncol
16:3439-3460

@ Springer



62

Breast Cancer Res Treat (2011) 127:53-63

10.

11.

12.

13.

14.

15.

16.

18.

19.

20.

21.

22.

2

. Cheang MC, Chia SK, Voduc D, Gao D, Leung S, Snider J,
Watson M, Davies S, Bernard PS, Parker JS, Perou CM, Ellis MJ,
Nielsen TO (2009) Ki67 index, HER2 status, and prognosis of
patients with luminal B breast cancer. J Natl Cancer Inst
101:736-750

. Fan C, Oh DS, Wessels L, Weigelt B, Nuyten DS, Nobel AB,
van’t Veer LJ, Perou CM (2006) Concordance among gene-
expression-based predictors for breast cancer. N Engl J Med
355:560-569

. Perou CM, Sorlie T, Eisen MB, van de Rijn M, Jeffrey SS, Rees

CA, Pollack JR, Ross DT, Johnsen H, Akslen LA, Fluge O,

Pergamenschikov A, Williams C, Zhu SX, Lonning PE, Borre-

sen-Dale AL, Brown PO, Botstein D (2000) Molecular portraits

of human breast tumours. Nature 406:747-752

Hugh J, Hanson J, Cheang MC, Nielsen TO, Perou CM, Du-

montet C, Reed J, Krajewska M, Treilleux I, Rupin M, Magherini

E, Mackey J, Martin M, Vogel C (2009) Breast cancer subtypes

and response to docetaxel in node-positive breast cancer: use of

an immunohistochemical definition in the BCIRG 001 trial. J Clin

Oncol 27:1168-1176

Kreike B, van Kouwenhove M, Horlings H, Weigelt B, Peterse H,

Bartelink H, van de Vijver MJ (2007) Gene expression profiling

and histopathological characterization of triple-negative/basal-

like breast carcinomas. Breast Cancer Res 9:R65

Brenton JD, Carey LA, Ahmed AA, Caldas C (2005) Molecular

classification and molecular forecasting of breast cancer: ready

for clinical application? J Clin Oncol 23:7350-7360

Chiuri VE, Leo G, Lorusso V (2007) Clinical and therapeutic

perspectives of gene expression profiling for breast cancer. Ann

Oncol 18(Suppl 6):Vi5S8-Vi62

Oakman C, Bessi S, Zafarana E, Galardi F, Biganzoli L, Di Leo A

(2009) Recent advances in systemic therapy: new diagnostics and

biological predictors of outcome in early breast cancer. Breast

Cancer Res 11:205

Stadler ZK, Come SE (2009) Review of gene-expression profiling

and its clinical use in breast cancer. Crit Rev Oncol Hematol

69:1-11

Slodkowska EA, Ross JS (2009) MammaPrint 70-gene signature:

another milestone in personalized medical care for breast cancer

patients. Expert Rev Mol Diagn 9:417—422

. Albain KS, Barlow WE, Shak S, Hortobagyi GN, Livingston RB,

Yeh IT, Ravdin P, Bugarini R, Bachner FL, Davidson NE, Sledge

GW, Winer EP, Hudis C, Ingle JN, Perez EA, Pritchard KI,

Shepherd L, Gralow JR, Yoshizawa C, Allred DC, Osborne CK,

Hayes DF (2010) Prognostic and predictive value of the 21-gene

recurrence score assay in postmenopausal women with node-

positive, oestrogen-receptor-positive breast cancer on chemo-
therapy: a retrospective analysis of a randomised trial. Lancet

Oncol 11:55-65

Mook S, Schmidt MK, Weigelt B, Kreike B, Eekhout I, van de

Vijver MJ, Glas AM, Floore A, Rutgers EJ, van ‘t Veer LJ (2009)

The 70-gene prognosis signature predicts early metastasis in

breast cancer patients between 55 and 70 years of age. Ann

Oncol. doi:10.1093/annonc/mdp388

Linder P (2006) Dead-box proteins: a family affair—active and

passive players in RNP-remodeling. Nucleic Acids Res 34:

4168-4180

Godbout R, Squire J (1993) Amplification of a DEAD box protein

gene in retinoblastoma cell lines. Proc Natl Acad Sci USA

90:7578-7582

Squire JA, Thorner PS, Weitzman S, Maggi JD, Dirks P, Doyle J,

Hale M, Godbout R (1995) Co-amplification of MYCN and a

DEAD box gene (DDX1) in primary neuroblastoma. Oncogene

10:1417-1422

Manohar CF, Salwen HR, Brodeur GM, Cohn SL (1995)

Co-amplification and concomitant high levels of expression of a

Springer

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

DEAD box gene with MYCN in human neuroblastoma. Genes
Chromosomes Cancer 14:196-203

George RE, Kenyon RM, McGuckin AG, Malcolm AJ, Pearson
AD, Lunec J (1996) Investigation of co-amplification of the
candidate genes ornithine decarboxylase, ribonucleotide reduc-
tase, syndecan-1 and a DEAD box gene, DDX1, with N-myc in
neuroblastoma. United Kingdom Children’s Cancer Study Group.
Oncogene 12:1583-1587

Tanaka K, Okamoto S, Ishikawa Y, Tamura H, Hara T (2009)
DDXI1 is required for testicular tumorigenesis, partially through
the transcriptional activation of 12p stem cell genes. Oncogene
28:2142-2151

Zinsmaier KE, Eberle KK, Buchner E, Walter N, Benzer S (1994)
Paralysis and early death in cysteine string protein mutants of
Drosophila. Science 263:977-980

Bleoo S, Sun X, Hendzel MJ, Rowe JM, Packer M, Godbout R
(2001) Association of human DEAD box protein DDX1 with a
cleavage stimulation factor involved in 3’-end processing of pre-
MRNA. Mol Biol Cell 12:3046-3059

Kanai Y, Dohmae N, Hirokawa N (2004) Kinesin transports
RNA: isolation and characterization of an RNA-transporting
granule. Neuron 43:513-525

Fang J, Kubota S, Yang B, Zhou N, Zhang H, Godbout R,
Pomerantz RJ (2004) A DEAD box protein facilitates HIV-1
replication as a cellular co-factor of Rev. Virology 330:471-480
Li L, Monckton EA, Godbout R (2008) A role for DEAD box 1 at
DNA double-strand breaks. Mol Cell Biol 28:6413-6425

Li L, Roy K, Katyal S, Sun X, Bleoo S, Godbout R (2006)
Dynamic nature of cleavage bodies and their spatial relationship
to DDX1 bodies, Cajal bodies, and gems. Mol Biol Cell 17:
1126-1140

Godbout R, Packer M, Bie W (1998) Overexpression of a DEAD
box protein (DDX1) in neuroblastoma and retinoblastoma cell
lines. J Biol Chem 273:21161-21168

McShane LM, Altman DG, Sauerbrei W, Taube SE, Gion M,
Clark GM (2006) REporting recommendations for tumor MAR-
Ker prognostic studies (REMARK). Breast Cancer Res Treat
100:229-235

Early Breast Cancer Trialists’ Collaborative Group (EBCTCG)
(2005) Effects of chemotherapy and hormonal therapy for early
breast cancer on recurrence and 15-year survival: an overview of
the randomised trials. Lancet 365:1687-1717

Sunden Y, Semba S, Suzuki T, Okada Y, Orba Y, Nagashima K,
Umemura T, Sawa H (2007) Identification of DDX1 as a JC virus
transcriptional control region-binding protein. Microbiol Immu-
nol 51:327-337

Bordeleau ME, Matthews J, Wojnar JM, Lindqvist L, Novac O,
Jankowsky E, Sonenberg N, Northcote P, Teesdale-Spittle P,
Pelletier J (2005) Stimulation of mammalian translation initiation
factor elF4A activity by a small molecule inhibitor of eukaryotic
translation. Proc Natl Acad Sci USA 102:10460-10465

Erkizan HV, Kong Y, Merchant M, Schlottmann S, Barber-
Rotenberg JS, Yuan L, Abaan OD, Chou TH, Dakshanamurthy S,
Brown ML, Uren A, Toretsky JA (2009) A small molecule
blocking oncogenic protein EWS-FLII interaction with RNA
helicase A inhibits growth of Ewing’s sarcoma. Nat Med 15:
750-756

Fuller-Pace FV, Ali S (2008) The DEAD box RNA helicases p68
(Ddx5) and p72 (Ddx17): novel transcriptional co-regulators.
Biochem Soc Trans 36:609-612

Wortham NC, Ahamed E, Nicol SM, Thomas RS, Periyasamy M,
Jiang J, Ochocka AM, Shousha S, Huson L, Bray SE, Coombes
RC, Ali S, Fuller-Pace FV (2009) The DEAD-box protein p72
regulates ERalpha-/oestrogen-dependent transcription and cell
growth, and is associated with improved survival in ERalpha-
positive breast cancer. Oncogene. doi: 10.1038/onc.2009.261


http://dx.doi.org/10.1093/annonc/mdp388
http://dx.doi.org/10.1038/onc.2009.261

Breast Cancer Res Treat (2011) 127:53-63 63

39. Lin F, Wang R, Shen JJ, Wang X, Gao P, Dong K, Zhang HZ 40. Cho B, Lim Y, Lee DY, Park SY, Lee H, Kim WH, Yang H,

(2008) Knockdown of RCK/p54 expression by RNAIi inhibits Bang YJ, Jeoung DI (2002) Identification and characterization of
proliferation of human colorectal cancer cells in vitro and in vivo. a novel cancer/testis antigen gene CAGE. Biochem Biophys Res
Cancer Biol Ther 7:1669-1676 Commun 292:715-726

@ Springer



	DEAD box 1: a novel and independent prognostic marker for early recurrence in breast cancer
	Abstract
	Introduction
	Materials and methods
	Patient selection
	Gene expression analysis
	Tissue microarray construction and immunohistochemical analysis
	Scoring and quantification of immunohistochemical staining
	Statistical analysis

	Results
	Gene expression analysis of DDX1 in breast cancer
	DDX1 RNA levels correlate with death, recurrence, ER negative status, PR negative status, and high grade
	DDX1 protein subcellular localization in breast cancer tissue
	Subcellular DDX1 protein localization correlates with death, recurrence, ER negative status, and PR negative status
	DDX1 RNA levels and protein localization predict recurrence independently of common markers

	Discussion
	Acknowledgements
	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


