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Abstract This study investigated the potential of DYRK2, a
dual-specificity tyrosine-(Y)-phosphorylation-regulated kinase
gene, to predict disease-free survival for patients with early stage
breast cancer. Two hundred and seventy-four patients with breast
cancer underwent surgery from January 2000 to December 2009.
All patients were in stage I or II. Immunohistochemical (IHC)
analysis was used to determine the expression of DYRK2, which
was examined for its association with clinicopathological factors
or prognosis. A total of 85 of 274 cases (31 %) were DYRK2
positive. No correlation was found between DYRK?2 expression
by IHC and clinicopathological factors such as tumor size,
histological grade, hormone receptor status, and HER2 status;
however, lymph node involvement was closely associated with
DYRK2 expression. Ten-year disease-free survival in the
DYRK2-positive group without node metastasis (95.9 %) was
significantly better than that in the DYRK2-negative group
(87.3 %, p=0.015). These data show that DYRK2 expression
is associated with lymph node involvement and is a possible
predictive factor of breast cancer recurrence.
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Introduction

Breast cancer is the most common malignancy in women
worldwide. Approximately 25-30 % of breast cancer patients
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without lymph node metastases will develop distant metasta-
ses within 10 years of surgery [1]. Several genetic character-
istics of breast cancer were reported for predicting the prog-
nosis or for decision-making regarding adjuvant therapy for
patients with breast cancer [2]. Gene profiling has been
established as a tool for predicting clinical outcome [3]. In
addition, we need to find an improved marker to stratify breast
cancer patients into different risk groups more accurately, so
that low-risk favorable patients can be spared with unneces-
sary treatment. Furthermore, it may be possible to separate out
high-risk patients to apply more aggressive treatment
modalities.

DYRK?2 was identified as a member of the conserved
family of dual-specificity tyrosine-phosphorylation-regulated
kinases that autophosphorylate a tyrosine residue but act as
serine/threonine kinases on their substrates [4]. Previous re-
ports showed that DYRK2 regulates p53 to induce apoptosis
in response to DNA damage via the phosphorylation of Ser 46
[5]. Pérez et al. reported that seven in absentia homolog
(SIAH), which is a member of E3 ubiquitin ligases, interacts
with DYRK2 and DYRK2 function was negatively regulated
by SIAH-dependent degradation under hypoxic conditions
[6]. On the other hand, Taira et al. showed that DYRK2
phosphorylate c-Jun and c-Myc to lead ubiquitin-mediated
degradation and knockdown of DYRK?2 increase cell prolif-
eration in human cancer cells [7]. Furthermore, it is reported
that DYRK?2 phosphorylates telomerase reverse transcriptase
(TERT), which is followed by ubiquitin-mediated degrada-
tion, and negatively regulates telomerase activity [8]. These
findings suggest that DYRK?2 inactivation may play a critical
role in human cancer cell proliferation. Recently, we identified
the potential of DYRK?2 as a favorable prognostic marker in
non-small cell lung cancer (NSCLC), and we found that
bronchioloalveolar carcinoma, which shows better prognosis
than the other adenocarcinoma subtypes, expressed this pro-
tein at a high level [9]. As recently reported, DYRK2 is also
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downregulated in ductal carcinoma of the breast [7]. They
showed that breast cancer patients with low DYRK2 expres-
sion had significantly worse distant recurrence-free survival
than those with high expression [10].

In this study, it was hypothesized that the alternative
expression of DYRK?2 is associated with breast carcino-
genesis or tumor progression. Therefore, the expression of
DYRK2 in breast cancer and the correlation between
recurrence and DYRK?2 expression were investigated.
We report our evaluation of this molecule and its ability
to predict worse survival.

Materials and methods
Patients and samples

Between January 2000 and December 2009, 274 samples
from breast cancer patients who had undergone surgery were
obtained from Fukuoka University Hospital (Fukuoka, Ja-
pan). Our institutional ethical committee approved the retro-
spective study and waived the need for patient consent. The
samples were histologically diagnosed for primary adenocar-
cinoma of the breast by hematoxylin and eosin (H&E) stain-
ing. None of the patients had received radiation therapy or
chemotherapy before surgery.

Immunohistochemical analysis

Four-micrometer sections were prepared for tissue slides.
Antigen retrieval was performed at 121 °C for 10 min in an
autoclave with citrate buffer (pH 6.0) after deparaffinization.
Ten percent goat serum (Nichirei Tokyo, Japan) was used to
block nonspecific binding. Staining with polyclonal anti-
DYRK2 antibody (AP7534a; Abgent, San Diego, CA, USA)
with diluents, 1:50, was performed overnight at 4 °C. After a
reaction with 3 % hydrogen peroxide for 20 min at room
temperature, polymer anti-rabbit (goat) antibody
(K4002; Dako, Glostrup, Denmark) for DYRK2 was
applied and incubated for 30 min at room temperature.
Negative controls were incubated without the primary
antibody.

Immunohistochemical (IHC) staining was evaluated as
follows: 0, no staining or faint cytoplasmic staining in less
than 10 % of tumor cells; 1+, faint cytoplasmic staining in
more than 10 % of tumor cells; 2+, weak or moderate cyto-
plasmic staining in more than 10 % of tumor cells; and 3+,
more than 10 % of tumor cells having strong cytoplasmic
staining. Since we previously reported a DYRK?2 IHC staining
study, O or 1+ staining intensity was considered DYRK?2
negative and 2+ or 3+ staining was considered positive [11].
For evaluation of the reliability, two independent assessors
estimated the staining positivity of two serial sections. For Ki-
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67 staining, 4-pum sections were prepared and antigen retrieval
was performed at 121 °C for 15 min in an autoclave
with citrate buffer (pH 9.0) after deparaffinization. Ten
percent goat serum (Nichirei Tokyo, Japan) was used to
block nonspecific binding. Staining with polyclonal anti-
Ki-67 antibody (Dako, Glostrup, Denmark) with dilu-
ents, 1:100, was performed overnight at 4 °C. After a
reaction with 3 % hydrogen peroxide for 20 min at
room temperature, polymer anti-mouse antibody
(K4002; Dako, Glostrup, Denmark) for Ki-67 was ap-
plied and incubated for 30 min at room temperature.

Table 1 Patient characteristics

Characteristics ~ All DYRK2- DYRK2- P
patients positive (%) negative (%)
Menopause Post 210 60 (29) 150 (71) 0.11
Pre 64 2539 39 (61)
Tumor size Tla 9 4 (44) 5(56) 0.05
T1b 27 14 (52) 13 (48)
Tlc 104 30 (29) 74 (71)
T2 131 3527 96 (73)
T3 3 2(67) 1 (33)
Nodal status +) 59 12(20) 47 (80) 0.04
=) 215 73 (34) 142 (66)
Histological IDC 245 78 (32) 167 (68) 0.12
subtype ILC 3 1 (33) 2 (67)
Others 15 1) 14 (93)
Unknown 11 5 (45) 6 (55)
Histological 1 118 39(33) 79 (67) 0.84
grade 2 102 30(29) 72 (71)
3 42 1331 29 (69)
Unknown 12 3 (45) 9 (83)
ER +) 212 68 (32) 144 (67) 0.49
=) 62 1727 45 (73)
PgR +) 181 59 (33) 122 (67) 0.67
(@) 90 26 (30) 64 (70)
Unknown 3 - 3 (100)
HER2 +) 45 14 (31) 31 (69) 0.97
=) 223 70 (31) 153 (69)
Unknown 6 1(17) 5(83)
Ki-67 +) 9% 28 (29) 68 (71) 0.78
=) 148 47 (32) 101 (68)
Unknown 30 10 (33) 20 (67)
CT ) 94 19 (20) 75 (80) 0.01
=) 123 44 (36) 79 (64)
Unknown 57 22 (40) 35 (60)
HT +) 188 61 (32) 127 (68) 0.21
=) 48  10(21) 38 (79)
Unknown 38 14 (37) 24 (63)

IDC invasive ductal carcinoma, /LC invasive lobular carcinoma, ER
estrogen receptor, PgR progesterone receptor, H/ER2 human epidermal
growth factor receptor 2, CT chemotherapy, HT hormone therapy
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Negative controls were incubated without the primary
antibody. IHC staining (labeling index) was evaluated as
previously described [12]. Ki-67 index higher than
15 % was defined as positive in this study. Convention-
ally, estrogen receptor and progesteron receptor status
higher than 1 % was defined as positive. HER2 expres-
sion was evaluated by using HercepTest (Dako, Japan).
HER2 status was defined as 0, 1+, 2+, or 3+ according to
the HercepTest score and considered positive when 3+ mem-
brane labeling was observed; 2+ was followed by fluores-
cence in situ hybridization (FISH) (Path Vision HER-2DNA
Probe Kit; Abbott Japan Co., Ltd.), and amplification showed
that HER2 and CEP17 signal ratio of >2.0 was defined as
positive.

Statistical analysis

All statistical analyses were performed using SPSS 14.0
(SPSS Inc., Tokyo, Japan). Different variables of the tumors
and normal tissues were analyzed with the chi-square test or
Fisher’s exact test. Disease-free and overall survival was
analyzed using the Kaplan-Meier method and evaluated by
the log-rank test. Significant differences were accepted at
p<0.05. Confounding factors were evaluated by Cox regres-
sion hazard models.

Fig. 1 Representative DYRK2
protein expression in breast
cancer by immunohistochemical
staining. Cytoplasm of tumor
cells in invasive ductal cancer was
strongly stained (a HE; b
DYRK2, x100; ¢ DYRK2, x200).
Negative staining of invasive
ductal cancer (d DYRK2, x200).
Weak staining was found in
ductal epithelial cells (e HE; f
DYRK2, x200). HE
hematoxylin-eosin staining

Results

The relationship between clinicopathological characteristics
and DYRK?2 expression

We investigated the correlation between the clinicopatholog-
ical characteristics of breast cancer and DYRK2 expression. A
total of 85 out 0f 274 cases (31 %) were DYRK?2 positive. As
shown in Table 1, we found a significant correlation between
DYRK2 expression and nodal involvement, but not other
factors. The expression pattern of DYRK2 is shown in
Fig. 1. Positive cases showed strong granular staining in the
cytoplasm of breast cancer cells from the resected specimen of
invasive ductal carcinoma. Furthermore, although normal
stromal cells did not show any positive staining of DYRK2,
ductal epithelial cells showed weak expression of DYRK2.
The correlation between DYRK2 and the other markers, in-
cluding HER2 and Ki-67, was investigated; however, no
relationship was found between them.

Prognostic value of DYRK

We investigated the potential of this protein to predict prog-
nosis. Figure 2 shows disease-free survival according to the
stratification of DYRK?2 expression. Median follow-up period
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Fig. 2 Disease-free survival of patients without nodal involvement ac-
cording to DYRK?2 protein expression (a). Ten-year disease-free survival
was 95.9 % in the DYRK2-positive group (n=73) and 87.3 % in the
negative group (n=142, p=0.015). Overall survival was not significantly
different between the two groups (b)

was 63 months. Ten-year disease-free survival in the DYRK2-

positive group was significantly better than that in the negative
group in all patients (»=0.016). Furthermore, it was found that

Table 2 Univariate Cox proportional hazard model

Characteristics HR 95%ClI p

Menopausal status (pre- vs. postmenopausal) 0.85 0.27-2.63 0.77

T factor (T1 vs. >T2) 232 0.86-6.23 0.095
Histological grade (G1 vs. >G2) 1.88 0.88-4.04 0.11
Estrogen receptor (negative vs. positive) 0.36 0.13-0.99 0.049
Progesterone receptor (negative vs. positive) 0.37 0.14-0.99  0.048
HER?2 (negative vs. positive) 0.64 0.00-23.12 0.32
Ki-67 (negative vs. positive) 2.13 0.74-6.17 0.16

Adjuvant chemotherapy (without vs. with) ~ 2.02 0.71-5.77  0.19
Adjuvant hormone therapy (without vs. with) 0.37 0.13-1.01  0.05
DYRK?2 expression (negative vs. positive) 0.12 0.02-0.94 0.04

HR hazard ratio, CI confidence interval, HER2 human epidermal growth
factor receptor 2
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Table 3 Multivariate Cox proportional hazard model

Characteristics HR 95%CI p

Adjuvant hormone therapy (without vs. with) 1.62 0.54-48.8 0.78
Estrogen receptor (negative vs. positive) 046 0.02-12.4 0.64
Progesterone receptor (negative vs. positive) 047 0.13-1.71 0.25
DYRK?2 expression (negative vs. positive) 0.13  0.02-1.02 0.05

HR hazard ratio, CI confidence interval

disease-free survival rates were significantly different between
positive and negative groups of DYRK2 expression by IHC
without node positivity (95.9 and 87.3 %, respectively, p=
0.015, Fig. 2a). However, 10-year overall survival did not
show a significant difference between the two groups because
of the low incidence of death in the follow-up period (p=0.33,
Fig. 2b). We found that estrogen receptor status, progesterone
receptor status, adjuvant hormone therapy, and DYRK2 ex-
pression showed prognostic significance in node-negative
cases by univariate analysis (Table 2); however, only DYRK2
expression showed a tendency for the potential to have a
prognostic impact by multivariate Cox regression analysis
(Table 3).

Discussion

In this study, we focused on the assessment of DYRK2 as a
new prognostic marker of breast cancer. DYRK2 is a dual-
specificity tyrosine-(Y)-phosphorylation-regulated kinase
gene that phosphorylates both Ser/Thr and Tyr [4]. The
DYRK family is involved in regulating processes such as cell
proliferation, cytokinesis, and cell differentiation [13]. In ad-
dition to these activities, DYRK2 is an effector kinase for
Ser46 of p53, which leads to apoptosis in the response to
severe DNA damage [3]. Since the knockout of DYRK2
function attenuates adriamycin (ADR)-induced apoptosis,
DYRK?2 is a key protein in p53-induced apoptosis [5]. Fur-
thermore, DYRK?2 can induce apoptosis in a p5S3-independent
manner [5].

As was recently reported, DYRK?2 is downregulated in
breast, colon, and prostate cancer [7]. Furthermore, downreg-
ulated DYRK2 was shown to contribute to breast cancer
invasion by increased Snail protein, which is a zinc finger
protein, and suppresses E-cadherin promoter, via epithelial-
mesenchymal transition (EMT) [10]. Since tumors with EMT
lead to metastasis, early recurrence may occur in patients with
low expression of DYRK2. Although we have not evaluated
the expression of Snail protein or E-cadherin, our result that
DYRK?2 is closely associated with lymph node metastasis
may support this possible mechanism. In addition, these find-
ings suggest that DYRK2 is a possible predictive marker of
early recurrence regardless of the case of node negative.
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Another report showed that the downregulation of DYRK2
stabilizes c-Jun and c-Myc, which is a transcriptional factor
for cell proliferation, to accelerate tumor progression and
invasion in breast cancer [7, 10]. We investigated the correla-
tion between the proliferative activity, represented by the Ki-
67 index, and DYRK?2 expression. Since our results revealed
that the low expression of DYRK2 was not related to the
expression of Ki-67, DYRK2 may have another mechanism
of involvement in tumor progression. In our study, tumor cells
consisting of the intraductal component showed positive ex-
pression of DYRK2 and decreased in invasive carcinoma of
the breast. Taking these findings together, it is speculated that
the lack of DYRK2 induces cell proliferation and invasion
through the basement membrane.

The aim of this study is not only to investigate the DYRK2
expression in breast cancer but also possibly to identify an
early recurrence marker of early stage breast cancer. There-
fore, we evaluated the relationship between recurrence-free
survival and DYRK2 expression in patients without nodal
involvement. Downregulation of DYRK2 is closely associat-
ed with a high recurrence rate and worse recurrence-free
survival. These results may suggest that DYRK2 can be a
promising marker of recurrence for early stage breast cancer.
Although previous report showed that the DYRK2 low ex-
pression group had significantly worse distant recurrence-free
survival than high expression group, these findings were
analyzed from the results including patients with variable
stages [10]. Therefore, we evaluated prognostic significance
in the early stage breast cancer without node metastasis in our
study. Although DYRK2 expression by multivariate analysis
showed a prognostic tendency for disease-free survival, a
study on more patients without nodal involvement may show
a significant impact because of a lack of power here due to the
low incidence of recurrence.

In conclusion, this study demonstrated that patients with
DYRK2-negative breast cancer had a higher frequency of
lymph node metastasis than patients with DYRK2-positive
tumor. DYRK2 might be a powerful tool to stratify worse
candidate groups in breast cancer patients. Further investiga-
tion of DYRK2 might offer new insight into this possibility.
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