
Magnussen et al. BMC Cancer 2013, 13:288
http://www.biomedcentral.com/1471-2407/13/288
RESEARCH ARTICLE Open Access
High expression of wee1 is associated with
malignancy in vulvar squamous cell carcinoma
patients
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Abstract

Background: Vulvar squamous cell carcinoma is a cancer form with increasing incidence rate and few treatment
options. Wee1 is a central regulator of the G2/M DNA-damage checkpoint, and has in previous studies been
described as a prognostic biomarker and a potential target for therapy in other cancer forms.

Methods: In the present study we analyzed the expression of Wee1 in a panel of 297 vulvar tumors by
immunohistochemistry. Furthermore, siRNA transfections were carried out in two vulvar cancer cell lines (SW-954
and CAL-39) in order to study the effect on cell cycle distribution (flow cytometry) and proteins (western blot)
involved in DNA damage response and apoptosis.

Results: Wee1 kinase is increased in vulvar squamous cell carcinomas, as compared to expression in normal
epithelium, and a high Wee1 expression is associated with markers of malignancy, such as lymph node metastasis
and poor differentiation. Our in vitro results showed that siRNA mediated Wee1 silencing only led to a modest
reduction in viability, when examined in vulvar cancer cell lines. Nonetheless, a marked increase in DNA damages,
as assessed by augmented levels of γ-H2AX, was observed in both cell lines in the absence of Wee1.

Conclusions: Our results suggest that Wee1 may be involved in the progression of vulvar carcinomas. Based on
our in vitro results, Wee1 is unlikely to function as a target for mono-treatment of these patients.
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Background
Vulvar cancer is a relatively rare malignancy and com-
prises 3-5% of all female genital cancer, however as a
consequence of an aging population the incidence rate
has risen steadily with 20% over the past 40 years [1]. A
total of 4340 new vulvar cancer cases and 940 deaths
from this disease were estimated in the United States in
2011 [2]. The 5-year survival is 98% (stage I), 85% (stage
II), 74% (stage III) and 31% (stage IV) [3]. The incidence
of vulvar cancer has been linked to advancing age, but
also appears in younger women [4]. Radical vulvectomy
with bilateral inguinofemoral lymphadenectomy has
been the standard treatment for most patients, but this
carries significant side effects/burden of morbidity [5].
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Therefore, the search for treatment alternatives with less
radical surgery is ongoing. Thus, the identification of
new biomarkers could be important for development of
better treatment strategies and may improve the predic-
tion of clinical outcome.
The Wee1 kinase is a central regulator of the G2/M

cell cycle checkpoint. In cases of DNA damage Wee1
adds an inhibitory phosphorylation on the Tyr15 residue
of CDK1, by so postponing progression to mitosis and
giving the cell time to either correct the damage or
undergo apoptosis [6]. Furthermore, recent studies have
indicated a role of Wee1 in safeguarding the genome
during S- phase, as inhibition of the kinase has led to
replication stress and subsequent DNA damage [7,8].
Whereas the G1/S checkpoint is deregulated in the vast
majority of human cancers, the G2/M checkpoint genes
are rarely, if ever, mutated [6]. Inhibiting proteins in-
volved in the G2/M checkpoint, such as Wee1, may
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therefore selectively target cancer cells whilst sparing
normal cells with a functional G1/S checkpoint. Elevated
levels of Wee1 have been reported in human glioblast-
oma, osteosarcoma, breast cancer and melanoma [9-12],
whilst down-regulation, on the other hand, has been ob-
served in non-small-cell lung cancer [13]. To our know-
ledge, Wee1 in vulvar tumors has not previously been
reported. In the present study our aim was to determine
Wee1 expression in vulvar cancer, if it had an associ-
ation with known clinicopatological variables and bio-
markers, and finally if in vitro targeting of the kinase
may be beneficial as mono-therapy.

Methods
Patient materials
A total of 297 patients were diagnosed with vulvar squa-
mous cell carcinoma between 1977 and 2006 at The
Norwegian Radium Hospital. The median patient age at
diagnosis was 74 (range 35–96) years. Prior to surgery,
three patients received radiotherapy/chemotherapy whereas
another six received radiotherapy. Radical surgery (total
vulvectomy and a bilateral inguinal lymphadenectomy) was
performed in 192 (65%) of these cases and the remaining
105 (35%) patients received non-radical surgery. Postopera-
tive irradiation was given to 63, chemotherapy to three and
irradiation/chemotherapy to four of the patients. After
confirmed diagnosis patients were followed until death or
September 1, 2009. The median follow-up time for patients
still alive was 151 (range; 43 to 378) months. During follow
up, 122 (40%) patients died of vulvar cancer. All lesions
were staged according to the 2009 International Federation
of Gynecology and the Obstetrics (FIGO) classification sys-
tem [14]. The Regional Committee for Medical Research
Ethics South of Norway (S-06012), The Data Inspectorate
(04/01043) and The Social and Health Directorate (04/2639
and 06/1478) approved the current study protocol. In this
study tumor tissue embedded in paraffin blocks from vulvar
cancer patients diagnosed between 1977 and 2006 have
been used. As many of these patients are dead or are very
old, we did not have the opportunity to obtain patient con-
sent. Permission to perform this study without patient con-
sent, was obtained from The Social and Health Directorate
(04/2639).
The histological specimens were reexamined by one

of the authors (J.M.N) according to World Health Orga-
nization recommendations [15]. Two hundred and eighty
(94%) tumors were keratinizing/nonkeratinizing, 13 (5%)
were basaloid and 4 (1%) were veruccoid. As controls,
samples of normal vulva were collected from 10 patients
(age range, 31–65 year) who underwent surgery for benign
gynecological diseases. Results from our previous studies
on cell cycle proteins using the same cohort of vulvar car-
cinomas [16-19] were co-analyzed with those of the
current study.
Immunohistochemstry
Three micrometer sections of formalin-fixed, paraffin-
embedded tissues were stained immunohistochemically
using a Dako EnVision™ Flex + System (K8012; Dako,
Glostrup, Denmark) and a Dako Autostainer. Depa-
raffinization and the unmasking of epitopes were carried
out in a PT-Link (Dako) using an EnVision™ Flex target
retrieval solution at a high pH (Tris/EDTA pH 9). The tis-
sue sections were incubated with a 0.3% hydrogen perox-
ide (H2O2) solution for 5 min to block endogeneous tissue
peroxidase activity. Sections were incubated with mono-
clonal antibody Wee1 (sc-5285, clone B-11, 1:300, 0.67 μg
IgG1/ml, Santa Cruz Biotechnology Inc., Santa Cruz, CA,
USA), and then followed by treatment with EnVision™
Flex +mouse linker (15 min) and EnVision™ Flex/HRP en-
zyme (30 min). The tissues were stained for 10 minutes
with 3′3-diaminobenzidine tetrahydrochloride (DAB),
counterstained with hematoxylin, dehydrated and mounted
in Richard-Allan Scientific Cyto seal XYL (Thermo Scien-
tific, Waltham, MA, USA). All of the sample series included
appropriate positive controls, which included placenta.
Negative control included substitution of the monoclonal
antibody with mouse myceloma protein of the same sub-
class and concentration as the monoclonal antibody.
Two observers (R.H. and J.M.N) evaluated the immuno-

stained slides with no knowledge of patient outcome. All
discordant scores were reviewed until a final agreement
was obtained. Semi-quantitative classes were used to de-
scribe the extent of staining (percent of positive tumor cells:
absent, 0; < 10%, 1; 10-50%, 2; > 50%, 3) and intensity (ab-
sent, 0; weak, 1; moderate, 2; strong, 3). By multiplying the
extent and intensity of the signal, product scores for both
cytoplasm and nuclear staining were produced ranging
from 0 to 9. Protein levels in the nucleus were classified as
high when composite scores were ≥6 and low when com-
posite scores were <6. Protein expression in cytoplasm was
defined as high when any Wee1 staining was observed and
low when no staining was seen. The cutoff value for the im-
munoreactivity was based on staining pattern observed in
normal vulvar epithelium.

Cell lines and growth conditions
Two human vulvar squamous cell carcinoma cell lines,
CAL-39 (DSMZ, Germany) and SW-954 (ATCC,
Manassas, VA, USA) were cultured in Dulbecco’s modi-
fied Eagle Medium (DMEM, Gibco, LifeTechnologies
TM, Invitrogen, Oslo, Norway) supplemented with 10%
Fetal Calf Serum (Biocrom, KG, Berlin, Germany) and
2 mM L-glutamine (LONZA, Vervieres, Belgium) and
Lonza BioWhittaker L-15 (Leibovitz) Medium (Lonza)
containing 20% Fetal Calf Serum and 2 mm L-glutamine,
respectively. Both cell lines were grown in monolayer
culture at 37°C in humidified conditions containing 5%
CO2/95% air (CAL-39) or 100% air (SW-954).
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Small interfering RNA (siRNA) transfection
Both cell lines were plated in either 6-well plates (1.5 ×
105 cells/well) or in 96-well plates (5 × 103 cells/well)
24 hrs prior to the transfection. The cells were
transfected with 25 nM siRNA targeting Wee1
(OligioID; ‘VHS50841’) or RNAi negative control du-
plexes (Negative Control LOW GC, 12935–200) using
LipofectamineTM RNAiMAX transfection reagents (all
reagents from Invitrogen Corporation, CA, USA).
Transfection of cells was performed in Opti-MEM®
(Invitrogen) for 5 hrs and then replaced with the re-
spective growth medium (described above). Cells were
harvested/measured 48 hrs after the transfection was
initiated.
Western blot analysis
Cells were harvested using a rubber policeman, washed
once in 1×PBS, and then lysed in ice-cold NP-40 Lysis
buffer [(1% NP-40, 10% glycerol, 20 mM Tris–HCl
(pH 7.5), 137 mM NaCl, 100 mM NaF), Aprotenin
(0.02 mg/mL), Phosphatase inhibitor cocktail 1 (10 μL/
mL), Phosphatase inhibitor cocktail 3 (10 μL/mL), Phenyl
Methane Sulfonyl Fluoride (PMSF) (1 mM), Leupeptin
(0.02 mg/mL), Pepstatin (0.02 mg/mL) and Sodium vanad-
ate (1 mM) (Sigma-Aldrich, St. Louis, MO, USA)], as pre-
viously described [10]. Bradford (Bio-Rad Laboratories
AB, Sundbyberg, Sweden) analysis was performed for pro-
tein quantification, and 25 μg protein/lane was resolved in
SDS polyacrylamide gel electrophoresis (PAGE) and trans-
ferred to a PDVF immobilon membrane (Millipore,
Bedford, MA, USA). To ensure even loading, filters were
stained with naphtholblue black (Sigma-Aldrich) and later
re-stained with α-tubulin. The membranes were blocked in
5% non-fat milk in TBST (150 mM NaCl, 25 mM Tris-Cl,
(pH 7.5), 0.01% Tween 20), and probed with primary anti-
bodies at 4°C overnight, with gentle agitation. Primary anti-
bodies Caspase 3 (#9662/#9664 (even mix)), p21CIP1/WAF1

(#2946) and PARP (#9532) were purchased from Cell Sig-
naling (Beverly, MA, USA). α-tubulin (DMIB) was acquired
from Calbiochem (Nottingham, UK), whereas Cyclin A (sc-
751), p53 (sc-126) and Wee1 (sc-5285) were obtained from
Santa Cruz Biotechnology. γ-H2AX (#05-636) was pur-
chased from Millipore, and pCDK1Tyr15 (ab47594) and
Cyclin B1 (ab32053) antibodies were acquired from Abcam
(Cambridge, England). Membranes were thereafter washed
3 × 10 min in TBST. The membranes were subsequently
hybridized with an appropriate secondary antibody [HPR-
conjugated anti-rabbit or anti-mouse IgG antibodies
(Promega)] for 1 hr at room temperature, with gentle agita-
tion, and then washed in TBST for 3 × 10 minutes. Protein
bands were visualized after first incubating the membranes
with ECL-plus reagent (GE Healthcare, Chalfont St Gils,
UK) for 5 min.
MTS assay
Five thousand cells per well were seeded in 96-well plates
and left to attach overnight, before siRNA transfection for
the indicated time. Cell viability was determined using the
3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphenyl)-
2-(4-sulfophenyl)-2H-tetrazolium) (MTS) assay (Promega,
WI, USA), in which the capacity of the cells to convert
MTS salt into a brown formazan product was measured.
Absorbance was measured at 490 nm using ASYS
UVM340 96-well plate reader. Absorbance measured from
wells containing medium alone was subtracted, and cell
viability was presented as absorbance relative the control.

Flow cytometric cell cycle analysis
Cells were harvested by trypzination and washed 1 × in
PBS. Cell pellets containing approximately 106 cells were
re-suspended in 1 mL 70% ice-cold methanol and left to
fixate for a minimum of 24 hrs. Fixated cells were washed
1× in PBS, and stained with a solution containing 2 μg/mL
Hoechst 33258 in PBS. Flow cytometric analysis was
performed using LSR II UV laser (BD biosciences, San Jose,
CA), and further processed using FlowJo software (Tree
Star, Ashland, OR, USA).

Statistical analyses
The Pearson’s chi-square (χ2) test was used to study the
relationship between Wee1 expression and clinicopatho-
logic parameters. Disease-specific survival was calculated
from the date of diagnosis to vulvar cancer related death
or September 1, 2009, using the method of Kaplan and
Meier. The log-rank test was used to compare survival
rate. All calculations were processed using SPSS 18.0
statistical software package (SPSS, Chicago, IL, USA)
and statistical significance was considered as P ≤ 0.05.

Results
In normal vulvar squamous epithelium from 10 patients
undergoing surgery for benign gynecological diseases, nu-
clear staining for Wee1 was identified in basal and
parabasal layers (score <6), whereas cytoplasmic staining
was not seen (Figure 1A). The immunostaining results in
vulvar carcinomas are summarized in Table 1. High Wee1
expression (score ≥6) in the nucleus was identified in 77/
297 (26%) of the cases and low levels in 220/297 (74%),
whereas, in the cytoplasm positive Wee1 immunoreactivity
(score >0) was observed in 157/297 (53%) of the tumors
(Figure 1B and C).
In the vulvar carcinoma cell lines SW-954 and CAL-

39 high levels (score ≥6) of nuclear Wee1 immunostain-
ing were observed, additionally, cytoplasmic staining
(score =2) was observed in SW-954 cells (Figure 2).
The levels of Wee1 in relation to clinicopathological

parameters are shown in Table 2. High expression of
Wee1 in the nucleus was significantly correlated with



Figure 1 Expression of Wee1 protein in vulvar squamous
epithelium. Immunohistochemical staining of Wee1 in normal
vulvar epithelium (A). High (B) and low (C) expression of Wee1 in
vulvar carcinomas.

Table 1 Immunostaining results for Wee1

Score Nucleus Cytoplasm

N (%) N (%)

0 31 (10) 140 (47)

1 5 (2) 18 (6)

2 38 (13) 67 (23)

3 85 (29) 7 (2)

4 61 (20) 45 (15)

6 68 (23) 16 (5)

9 9 (3) 4 (1)

Total 297 (100) 297 (100)
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younger age (P = 0.01) and presence of lymph node metas-
tasis (P = 0.04). Moreover, high expression of Wee1 in the
cytoplasm significantly correlated with poor tumor differ-
entiation (P = 0.007). High expression of Wee1 in the nu-
cleus significantly correlated with low nuclear and high
cytoplasmic level of phospho-CDC25C (Ser216) (P = 0.002
and P < 0.001, respectively) and high nuclear levels of p21
(P = 0.04) and Cyclin A (P = 0.004). High Wee1 levels in
cytoplasm was significantly correlated with high cytoplas-
mic levels of CDC25C (P = 0.015), 14-3-3β (P =0.008), 14-
3-3ε (P = 0.04) and 14-3-3η (P = 0.003) (Table 3). By
univariate analysis neither nuclear nor cytoplasmic expres-
sion of Wee1 were associated with disease-specific survival
(P = 0.83 and P = 0.63).
The association between high expression of Wee1 and

malignant features in vulvar tumors spurred us to ex-
plore how silencing Wee1 would affect the two vulvar
cancer cell lines; SW-954 and CAL-39. Wee1 protein ex-
pression was effectively removed in both cell lines, along
with a reduced expression of the Tyr15 phosphorylation
of its downstream target CDK1, as determined by west-
ern blotting (Figure 3A). SiRNA mediated silencing of
Wee1 led to a marked increase of γ-H2AX, a specific
marker of double-strand DNA breaks [20]. Despite the
DNA damages, only minute cleavages of the apoptotic
markers Caspase 3 and PARP were found in the absence
of Wee1. In line with this, transfection with siWee1 only
reduced the relative amount of viable cells to approxi-
mately 90% of the control cells (Figure 3B).
Given its role in regulating the cell cycle, we next de-

termined the effect of silencing Wee1 on cell cycle dis-
tribution and some associated proteins. Only subtle
changes in cell cycle distribution were observed follow-
ing siWee1 transfection, with a minute aggregation of
cells in late-S compared to the control cells in both SW-
954 and CAL-39 cells (Figure 4A). The latter cell line
also displayed an increased amount of p21 protein ex-
pression, whereas no changes in p53 levels were seen in
either cell line. Furthermore, an augmented expression
of Cyclin B1 was found in both cell lines in the absence
of Wee1. In SW-954 cells, a weak down-regulation of
Cyclin A was observed (Figure 4B).

Discussion
In the present study we show for the first time that
Wee1 is expressed at a higher level in vulvar squamous
cell carcinomas compared to normal tissue, and that
high expression of the kinase correlates with malignant
features including poor histological differentiation and
lymph node metastases. In accordance with this, high
expression of Wee1 has previously been described in hu-
man glioblastoma, osteosarcoma, breast cancer and mel-
anoma [9-12]. Our previous study with melanomas
showed a similar association between high Wee1 protein



Table 2 Wee1 expression in relation to clinicopathological
variables

Variables Total Nucleus Cytoplasm

N High (%) P1 High (%) P1

Age 0.01 0.27

25-69 117 41 (35) 68 (58)

70-84 146 27 (18) 74 (51)

85+ 34 9 (26) 15 (44)

FIGO 0.40 0.12

Ia 10 3 (30) 4 (40)

Ib 137 27 (20) 73 (53)

II 13 5 (38) 7 (54)

IIIa 64 22 (34) 27 (42)

IIIb 38 11 (29) 23 (60)

IIIc 12 2 (17) 10 (83)

IVa 5 1 (20) 1 (20)

IVb 13 4 (31) 8 (62)

Not available 5

Lymph node metastasis 0.04 0.52

None 164 36 (22) 87 (53)

Unilateral 89 32 (36) 44 (49)

Bilateral 38 8 (21) 23 (61)

Not available 6

Tumor diameter (cm) 0.34 0.09

0.3-2.5 88 17 (19) 39 (44)

2.6-4.0 93 25 (27) 56 (60)

4.1-20.0 100 28 (28) 55 (55)

Not available 16

Tumor differentiation 0.10 0.007

Well 73 12 (16) 27 (37)

Moderate 153 45 (29) 87 (57)

Poor 71 20 (28) 43 (61)

Depth of invasion (mm) 0.79 0.16

0.0-4.0 76 21 (27) 37 (49)

4.1-8.0 98 24 (24) 60 (61)

8.1-40.0 112 26 (23) 56 (50)

Not available 11

Infiltration of vessel 0.18 0.67

No 229 55 (24) 120 (52)

Yes 65 21 (32) 36 (55)

Not available 3
1Pearson chi-square.
High: Wee1 expression in nucleus ≥ 6 and in cytoplasm > 0.

Figure 2 Expression of Wee1 protein in vulvar cancer cell lines.
Immunohistochemical staining of Wee1 protein in CAL-39 cell line
(A) and SW-954 cell line (B).
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expression and markers of malignancy, as found in vul-
var carcinomas [10]. As opposed to our results, a low
expression of Wee1 has been described in different stud-
ies of breast cancer and melanomas, as well as in non-
small-cell lung cancer [13,21,22]. It may be argued that
given the roles of Wee1 in stopping the cell cycle in G2/
M and in restraining CDK activity during S-phase, low
levels of the kinase can possibly facilitate tumor progres-
sion. However, the association between high Wee1 ex-
pression and the presence of lymph node metastasis as
well as poor tumor differentiation found in vulvar can-
cers does not immediately support the tumor suppressor
role of Wee1. Thus, it is possible that Wee1 has a pro-
tective function in vulvar carcinomas. By preventing too
high CDK activity during S-phase, Wee1 may forestall
potentially lethal DNA damages from occurring in the
cancer cells. In agreement with this hypothesis, inhib-
ition of Wee1 has led to reduced proliferation in a range
of cancer cell lines [10,23-25]. Given the divergent re-
ports on the expression of Wee1 in different cancer
forms; the exact role of the kinase in cancer remains
largely unknown. The fact that increased expression of
Wee1 was associated with lymph node metastasis and
poor tumor differentiation indicate that high level of
Wee1 may be involved in malignant progression of vul-
var carcinomas.
The expression of Wee1 and its association with clin-
ical outcome has only been investigated in a few reports,
including one that shows that patients with Wee1 nega-
tive non-small-cell lung cancer had a shorter survival



Table 3 Wee1 expression in relation to cell cycle proteins

Variables1 Total Nucleus Cytoplasm

N High (%) P2 High (%) P2

CDC25C cytoplasm 0.9 0.015

Low (≤ 3) 110 29 (26) 48 (44)

High (> 3) 187 48 (26) 109 (58)

Phospho-CDC25C (Ser216) cytoplasm <0.001 0.18

Low (≤ 3) 147 23 (16) 72 (49)

High (>3) 150 54 (36) 85 (57)

Phospho-CDC25C (Ser216) nucleus 0.002 0.16

Low (−) 86 33 (38) 40 (46)

High (+) 211 44 (21) 117 (55)

14-3-3β cytoplasm 0.7 0.008

Low (≤ 1) 61 17 (28) 23 (38)

High (>1) 236 60 (25) 134 (57)

14-3-3ε cytoplasm 1.0 0.04

Low (≤ 1) 42 11 (26) 16 (38)

High (>1) 255 66 (26) 141 (55)

14-3-3η cytoplasm 0.07 0.003

Low (≤ 3) 138 29 (21) 60 (43)

High (>3) 159 48 (30) 97 (61)

p21 nucleus3 0.04 0.5

Low (−) 119 21 (18) 62 (52)

High (+) 88 26 (30) 50 (57)

Cyclin A nucleus3 0.004 0.2

Low (< 5%) 61 6 (10) 29 (48)

High (≥ 5%) 146 41 (28) 83 (57)
1Have been studied in previous reports [16-19].
2Pearson chi-square.
3207 of the 297 vulvar carcinomas have been tested for this marker.
High: Wee1 expression in nucleus ≥ 6 and in cytoplasm > 0.

Figure 3 DNA damages and reduced viability following SiWee1
transfection in vulva cells. SW-954 and CAL-39 cells were
transfected with either SiCtr or SiWee1 (25 nM) and harvested/
measured after 48 hrs. A. Western blot analysis was conducted
with the indicated antibodies. α-tubulin was used as loading
control. B. Effect of SiWee1 on cell viability as measured by MTS
assay. Error bars represent the standard deviation from four
independent experiments.

Magnussen et al. BMC Cancer 2013, 13:288 Page 6 of 9
http://www.biomedcentral.com/1471-2407/13/288
than patients with Wee1 positive cancer in univariate-, as
well as in multivariate analysis [13]. In our present study,
we did not observe any significant association between
disease-specific survival and Wee1 expression for patients
with vulvar carcinomas. Further studies will be needed to
clarify the role of Wee1 as a prognostic marker in human
cancer.
Moreover, we found that the association between Wee1

and different cell cycle regulatory proteins depended on
their cellular localization. A high expression of nuclear
Wee1 correlated with low expression of nuclear- and high
level of cytoplasmic phospho-CDC25C (ser216). These
findings correspond with the hypothesis that in response to
DNA damages, as well as during DNA replication, Chk1
kinase phosphorylates both Wee1 kinase and its comple-
mentary counterpart the phosphatase CDC25C [26]. Once
phosphorylated, the Wee1 protein stabilizes, thus leading to



Figure 4 Effects of SiWee1 on cell cycle distribution and on
proteins involved in cell cycle regulation. SW-954 and CAL-39
cells were transfected with either SiCtr or SiWee1 (25 nM) and
harvested after 48 hrs. A. Cells were stained with Hoechst and
cellular DNA content was measured by Flow cytometry. B. Western
blot analysis was conducted with the indicated antibodies. α-tubulin
was used as loading control. Data are representative of three
independent biological experiments.
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its subsequent nuclear increase. The Ser216 phosphoryl-
ation of CDC25C on the other hand, attracts members of
the 14-3-3 family, which facilitates binding to other pro-
teins such as Chk1, Chk2 and c-TAK1, that can bind to and
relocate CDC25C to the cytoplasm [27]. Based on this, one
could expect the 14-3-3 (β, ε, η) proteins to accumulate in
the cytoplasm along with phospho-CDC25C (ser216),
whilst Wee1 simultaneously would be expressed at a high
level in the nucleus. Instead we observed that high cyto-
plasmic expressions of the 14-3-3 proteins were correlated
with high cytoplasmic Wee1, which does not immediately
support this notion. However, the 14-3-3 proteins are be-
lieved to have several hundred direct binding partners, in-
cluding many central regulators of the cell cycle, and their
cellular localization may thus depend on other factors than
Wee1 [27].
Further on, high nuclear expression of Wee1 was asso-

ciated with high nuclear levels of the S-phase specific
Cyclin A protein in vulvar carcinoma samples. Recent
studies have demonstrated that Wee1 is required to re-
strain CDK1 activity during normal S-phase in order to
prevent unscheduled initiation of replication forks;
hence the kinase expression is thus augmented in this
phase of the cell cycle [28]. The association between
Wee1 and Cyclin A in vulvar cancer could therefore
simply be due to both proteins being expressed in
S-phase. Increased Cyclin A has in a previous study been
suggested to play a role in the pathogenesis of vulvar
squamous cell carcinoma; however no prognostic signifi-
cance was found [18].
Based on its association with malignancy in vulvar carcin-

oma samples, we shut down the expression of Wee1 in two
vulva squamous cell carcinoma cell lines, SW-954 and
CAL-39. The removal of Wee1 protein expression did not
affect cell viability to any substantial extent in either cell
line. Furthermore, there were no major alterations to cell
cycle distribution or cleavage of caspase 3 and PARP,
suggesting that the siWee1 treatment neither led to cell
cycle arrest nor increased apoptosis. In accordance with
these results, inhibition of Wee1 (PD0166285) did not in-
duce cell cycle arrest or cell death when used as mono-
treatment in a study with osteosarcoma cell lines [12]. As
opposed to this, targeting of Wee1 has in itself been suffi-
cient to cause apoptosis and alterations in cell cycle distri-
bution in other cancer cell lines, including melanoma
[10,23,25]. In a study by Iorns et al. where multiple cancer
cell lines were screened with an RNAi library (targeting 779
different kinases) in order to identify genes essential for via-
bility, Wee1 was found as a potential target [11]. However,
only cell lines displaying a high protein level of Wee1 were
responsive to treatment with Wee1 silencing transfections.
In the present study, both SW-954 and CAL-39 cell lines
showed a high expression of Wee1 when assessed by im-
munohistochemistry, but regardless of this trait, removal of
Wee1 did not translate to any major alteration in viability.
Interestingly, despite lack of overall response to siWee1
treatment, a marked increase of γH2AX, indicative of DNA
double-strand breaks, was observed in both cell lines. A
similar increase in DNA damages following removal of
Wee1 activity has been reported in other studies, and
may be explained by the proposed role of the kinase
in safeguarding the genome during DNA replication
[7,8,10,23,25]. Since the vulvar cancer cells did not die or
arrest as a result of accumulating DNA damage, it is pos-
sible that no crucial genes have been affected or that repair
mechanisms are able to correct the damages before the
cells undergo mitosis. In support of the latter hypothesis,
there appeared to be a very slight increase of cells in late-S
phase following knockdown of Wee1. In line with this, an
increased expression of Cyclin B, known to accumulate in
S-phase and stay high until the end of mitosis, was ob-
served in both cell lines after transfection with Wee1 [29].
The anti-tumor effects of inhibiting Wee1 have been shown
as limited to TP53 mutated cell lines in previous studies, in
particular when combined with DNA-damaging agents
[30-32]. The proposed rationale for this selected effect is
that cells with a dysfunctional G1/S DNA-damage check-
point, due to TP53 mutations, are more dependent on
stopping in G2 in order to repair DNA damages before en-
tering mitosis. However, cells with functional p53 have also
been reported to respond to treatment with inhibitors or
siTransfections of Wee1 [10,25]. In a previous study, as
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many as 44% of vulvar carcinomas were shown to have
TP53 mutations; a large proportion of these also over-
expressed p53 protein due to limited degradation as a con-
sequence of structural alterations of the protein [33]. Both
cell lines used in this study expressed p53, however no al-
terations in the protein expression were observed following
SiWee1 treatment. CAL-39 did nonetheless show an up-
regulation of p21 protein, a downstream target of p53, in
the absence of the kinase.

Conclusion
In conclusion, the association between high Wee1 expres-
sion and presence of lymph node metastasis and poor
tumor differentiation suggest that Wee1 may be involved
in the progression of vulvar carcinomas. However, we
found that Wee1 may not function as mono-treatment in
these patients.

Competing interests
Authors declare that they have no competing interests.

Authors’ contributions
Conceived and designed the experiments: GIM VAF RH. Performed the
experiments. GIM EH. Analyzed the data: GIM JMN CGT VAF RH. Contributed
reagents/materials/analysis tools: CGT RH. Wrote the paper: GIM VAF RH. All
authors read and approved the final manuscript.

Acknowledgements
This work was supported by the Inger and John Fredriksen Foundation for
Ovarian Cancer Research, South-Eastern Norway Regional Health Authority
and the Norwegian Cancer Society.

Author details
1Department of Pathology, The Norwegian Radium Hospital, Oslo University
Hospital and University of Oslo, Oslo, Montebello 0310, Norway. 2Department
of Obstetrics and Gynecology, The Norwegian Radium Hospital, Oslo
University Hospital and University of Oslo, Oslo, Norway.

Received: 6 March 2013 Accepted: 11 June 2013
Published: 14 June 2013

References
1. Judson PL, Habermann EB, Baxter NN, Durham SB, Virnig BA: Trends in the

incidence of invasive and in situ vulvar carcinoma. Obstet Gynecol 2006,
107:1018–1022.

2. Siegel R, Ward E, Brawley O, Jemal A: Cancer statistics, 2011: the impact of
eliminating socioeconomic and racial disparities on premature cancer
deaths. CA Cancer J Clin 2011, 61:212–236.

3. Canavan TP, Cohen D: Vulvar cancer. Am Fam Physician 2002,
66:1269–1274.

4. Jones RW, Baranyai J, Stables S: Trends in squamous cell carcinoma of the
vulva: the influence of vulvar intraepithelial neoplasia. Obstet Gynecol
1997, 90:448–452.

5. Coulter J, Gleeson N: Local and regional recurrence of vulval cancer:
management dilemmas. Best Pract Res Clin Obstet Gynaecol 2003,
17:663–681.

6. Kuntz K, O’Connell MJ: The G(2) DNA damage checkpoint: could this
ancient regulator be the Achilles heel of cancer? Cancer Biol Ther 2009,
8:1433–1439.

7. Beck H, Nahse-Kumpf V, Larsen MS, O’Hanlon KA, Patzke S, Holmberg C,
Mejlvang J, Groth A, Nielsen O, Syljuasen RG, Sorensen CS: Cyclin-
Dependent Kinase Suppression by WEE1 Kinase Protects the Genome
through Control of Replication Initiation and Nucleotide Consumption.
Mol Cell Biol 2012, 32:4226–4236.

8. Dominguez-Kelly R, Martin Y, Koundrioukoff S, Tanenbaum ME, Smits VA,
Medema RH, Debatisse M, Freire R: Wee1 controls genomic stability
during replication by regulating the Mus81-Eme1 endonuclease. J Cell
Biol 2011, 194:567–579.

9. Iorns E, Lord CJ, Grigoriadis A, McDonald S, Fenwick K, Mackay A, Mein CA,
Natrajan R, Savage K, Tamber N, Reis-Filho JS, Turner NC, Ashworth A:
Integrated functional, gene expression and genomic analysis for the
identification of cancer targets. PLoS One 2009, 4:e5120.

10. Magnussen GI, Holm R, Emilsen E, Rosnes AK, Slipicevic A, Florenes VA: High
expression of Wee1 is associated with poor disease-free survival in malignant
melanoma: potential for targeted therapy. PLoS One 2012, 7:e38254.

11. Mir SE, De Witt Hamer PC, Krawczyk PM, Balaj L, Claes A, Niers JM, Van
Tilborg AA, Zwinderman AH, Geerts D, Kaspers GJ, Peter VW, Cloos J,
Tannous BA, Wesseling P, Aten JA, Noske DP, Van Noorden CJ, Wurdinger T:
In silico analysis of kinase expression identifies WEE1 as a gatekeeper
against mitotic catastrophe in glioblastoma. Cancer Cell 2010, 18:244–257.

12. PosthumaDeBoer J, Wurdinger T, Graat HC, van Beusechem VW, Helder MN,
van Royen BJ, Kaspers GJ: WEE1 inhibition sensitizes osteosarcoma to
radiotherapy. BMC Cancer 2011, 11:156.

13. Yoshida T, Tanaka S, Mogi A, Shitara Y, Kuwano H: The clinical significance
of Cyclin B1 and Wee1 expression in non-small-cell lung cancer.
Ann Oncol 2004, 15:252–256.

14. Pecorelli S: Revised FIGO staging for carcinoma of the vulva, cervix, and
endometrium. Int J Gynaecol Obstet 2009, 105:103–104.

15. Kleihues PSL: Pathology and genetics of tumors of the breast and female
genital organs. World Health Organization of Tumors: World Health
Organization of Tumors; 2003:316–321. IARC Press.

16. Wang Z, Nesland JM, Suo Z, Trope CG, Holm R: The prognostic value of
14-3-3 isoforms in vulvar squamous cell carcinoma cases: 14-3-3beta
and epsilon are independent prognostic factors for these tumors.
PLoS One 2011, 6:e24843.

17. Wang Z, Trope CG, Florenes VA, Suo Z, Nesland JM, Holm R:
Overexpression of CDC25B, CDC25C and phospho-CDC25C (Ser216) in
vulvar squamous cell carcinomas are associated with malignant features
and aggressive cancer phenotypes. BMC Cancer 2010, 10:233.

18. Knopp S, Bjorge T, Nesland JM, Trope C, Holm R: Cyclins D1, D3, E, and A
in vulvar carcinoma patients. Gynecol Oncol 2005, 97:733–739.

19. Knopp S, Bjorge T, Nesland JM, Trope C, Scheistroen M, Holm R: p16INK4a
and p21Waf1/Cip1 expression correlates with clinical outcome in vulvar
carcinomas. Gynecol Oncol 2004, 95:37–45.

20. Mah LJ, El-Osta A, Karagiannis TC: gammaH2AX: a sensitive molecular
marker of DNA damage and repair. Leukemia 2010, 24:679–686.

21. Eom M, Han A, Lee MJ, Park KH: Expressional Difference of RHEB, HDAC1,
and WEE1 Proteins in the Stromal Tumors of the Breast and Their
Significance in Tumorigenesis. Korean J Pathol 2012, 46:324–330.

22. Bhattacharya A, Schmitz U, Wolkenhauer O, Schonherr M, Raatz Y, Kunz M:
Regulation of cell cycle checkpoint kinase WEE1 by miR-195 in malignant
melanoma. Epud: Oncogene; 2012.

23. Davies KD, Cable PL, Garrus JE, Sullivan FX, von Carlowitz I, Huerou YL,
Wallace E, Woessner RD, Gross S: Chk1 inhibition and Wee1 inhibition
combine synergistically to impede cellular proliferation. Cancer Biol Ther
2011, 12:788–796.

24. Hashimoto O, Shinkawa M, Torimura T, Nakamura T, Selvendiran K,
Sakamoto M, Koga H, Ueno T, Sata M: Cell cycle regulation by the Wee1
inhibitor PD0166285, pyrido [2,3-d] pyimidine, in the B16 mouse
melanoma cell line. BMC Cancer 2006, 6:292.

25. Kreahling JM, Gemmer JY, Reed D, Letson D, Bui M, Altiok S: MK1775, a
selective Wee1 inhibitor, shows single-agent antitumor activity against
sarcoma cells. Mol Cancer Ther 2012, 11:174–182.

26. Sorensen CS, Syljuasen RG: Safeguarding genome integrity: the
checkpoint kinases ATR, CHK1 and WEE1 restrain CDK activity during
normal DNA replication. Nucleic Acids Res 2011, 40:477–486.

27. Hermeking H, Benzinger A: 14-3-3 proteins in cell cycle regulation.
Semin Cancer Biol 2006, 16:183–192.

28. Beck H, Nahse V, Larsen MS, Groth P, Clancy T, Lees M, Jorgensen M,
Helleday T, Syljuasen RG, Sorensen CS: Regulators of cyclin-dependent
kinases are crucial for maintaining genome integrity in S phase. J Cell
Biol 2010, 188:629–638.

29. Fung TK, Poon RY: A roller coaster ride with the mitotic cyclins. Semin Cell
Dev Biol 2005, 16:335–342.

30. Leijen S, Beijnen JH, Schellens JH: Abrogation of the G2 checkpoint by
inhibition of Wee-1 kinase results in sensitization of p53-deficient tumor
cells to DNA-damaging agents. Curr Clin Pharmacol 2010, 5:186–191.



Magnussen et al. BMC Cancer 2013, 13:288 Page 9 of 9
http://www.biomedcentral.com/1471-2407/13/288
31. Rajeshkumar NV, De OE, Ottenhof N, Watters J, Brooks D, Demuth T,
Shumway SD, Mizuarai S, Hirai H, Maitra A, Hidalgo M: MK-1775, a potent
Wee1 inhibitor, synergizes with gemcitabine to achieve tumor
regressions, selectively in p53-deficient pancreatic cancer xenografts.
Clin Cancer Res 2011, 17:2799–2806.

32. Wang Y, Li J, Booher RN, Kraker A, Lawrence T, Leopold WR, Sun Y:
Radiosensitization of p53 mutant cells by PD0166285, a novel G(2)
checkpoint abrogator. Cancer Res 2001, 61:8211–8217.

33. Choschzick M, Hantaredja W, Tennstedt P, Gieseking F, Wolber L, Simon R:
Role of TP53 mutations in vulvar carcinomas. Int J Gynecol Pathol 2011,
30:497–504.

doi:10.1186/1471-2407-13-288
Cite this article as: Magnussen et al.: High expression of wee1 is
associated with malignancy in vulvar squamous cell carcinoma patients.
BMC Cancer 2013 13:288.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Patient materials
	Immunohistochemstry
	Cell lines and growth conditions
	Small interfering RNA (siRNA) transfection
	Western blot analysis
	MTS assay
	Flow cytometric cell cycle analysis
	Statistical analyses

	Results
	Discussion
	Conclusion
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


