indistinct margins (P = 0.027), as well as between those identi-
fied as having high and equivalent or low density (P = 0.027).

Comparison of mammographic findings with histological
grade. Figure 3 summarizes the results of the numbers and
-ratios of each mammographic finding according to histological
grade. There were significant differences between irregular and
lobular or oval mass shape in Grade 3 (P < 0.001 for all). Fur-
thermore, in Grade 1 tumors, significant differences were found
between with an indistinct and microlobulated or spiculated
petiphery (P = 0.030 and P = 0.003), between those with spicu-
lated and indistinct or microlobulated margins (P < 0.001,
respectively), between those identified as high and equivalent or
low density (P = 0.047), and between those with a linear and
amorphous calcification shape (P = 0.027).

Comparison of mammeographic findings with lymphovascular
invasion. Figure 4 summarizes the results for the numbers and
ratios of each mammographic finding according to lymphovas-
cular invasion. There were significant differences between oval
and irregular or round mass shape (P = 0.008 and P = 0.034),
between microlobulated and indistinct periphery (P = 0.014),
between punctate and amorphous or pleomorphic calcification
shape (P = 0.030 and 0.038), and between presence and absence
of architectural distortion (P = 0.027).

Comparison of mammographic findings with the Ki-67 labeling
index. Figure 5 summarizes the results of correlations between
mammographic findings and the Ki-67 labeling index. The
Ki-67 labeling index according to mass shape was 15.74 = 6.21
for irregular masses, 38.82 + 13.10 for Ilobular masses,
36.22 = 15.75 for oval masses, and 37.85 = 14.95 for round
masses. According to mass periphery, the Ki-67 labeling index
was 35.80 = 28.51, 34.56 + 29.76, 11.73 + 10.86, and 27.50 =
24.75 for tumors with indistinct, microlobulated, spiculated, and
‘“‘other’” margins, respectively. For tumors with a high and
equivalent or low mass density, Ki-67 labeling index was
27.68 +26.75 and 13.14 + 14.10, respectively. Tumors that
showed amorphous, punctate, pleomorphic, and linear calcifica-
tion had a Ki-67 labeling index of 24.55 + 7.58, 26.00 = 18.27,
24.68 + 9.43, and 16.00 = 17.23, respectively. In tumors with-
out and with architectural distortion, the Ki-67 labeling index
was 22.27 + 8.64 and 25.02 + 7.43, respectively. There were
significant differences between irregular and lobular or round
(P <0.001 and P = 0.014), spiculated and indistinct or micro-
lobulated (P < 0.001 for all), and high and equivalent or low
density (P =0.018) groups. A trend for a positive correlation
was detected between irregular and oval mass shape, but the
difference did not reach statistical significance (P = 0.062).
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There were no significant differences according to calcification
shape and the presence of architectural distortion.

Discussion

Histological grade is well known to have a strong correlation
with clinical outcome in patients with breast cancer.® Accumu-
lating clinical evidence suggests that prognostic factors influenc-
ing breast cancer extend beyond the traditional tumor
histological grade.'” Several factors, including ER expression,
HER?2 status, and lymphovascular invasion, have been clearly
demonstrated in recent years to contribute significantly to the
management and subsequent prognosis of patients with breast
cancer.("'® Therefore, an accurate correlation between mammo-
graphic findings and their corresponding histopathological
features is considered most important in mammographic evalua-

Tamaki et al.

tion. Mammographic findings may provide insights into patho-
logical and biological features, including tumor cell
characteristics, histological grade, and cell proliferation. We
attempted to determine which finding is more relevant with
regard to the newly defined subtype of breast carcinoma cells.
Therefore, the purpose of the present study was to evaluate the
correlation between mammographic findings (e.g. mass shape,
margin, density, calcification shape, FAD, and the presence of
architectural distortion) with intrinsic subtype, histological
grade, lymphovascular invasion, and the Ki-67 labeling index in
breast cancer patients.

Several previous studies evaluated the correlation between
mammographic ﬁndinés and histopathological characteristics in
individual patients.®™2D A number of independent groups
demonstrated that masses with a spiculated periphery were

. . . . (19;20)
associated with a good outcome in patients. Conversely,
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well-defined masses were associated with triple-negative breast
cancer.®?" The results of the present study demonstrate that is
a higher incidence of lower histological grade in masses with an
irregular shape and/or spiculated margins, although a higher his-
tological grade is not necessarily associated with irregular mass
shape or spiculated margins. In addition, correlation of mammo-
graphic findings with the intrinsic subtype demonstrated that
irregular mass shape and/or spiculated margin masses were sig-
nificantly more frequently detected in luminal A breast cancers
than in the other subtypes in this cohort of Japanese patients.
However, oval and round mass shape and/or indistinct and mi-
crolobulated margin masses were significantly more frequently
detected in triple-negative breast cancers or HER breast cancers.
As for architectural distortion, the ratio of architectural distor-
tion was significantly higher in luminal A cases and also tended
to be associated with histological Grade 1. Together, these
results suggest that poorly differentiated breast carcinoma cells
are associated with good histological grade and luminal A sub-
classification. However, well-differentiated carcinoma cells are
associated with adverse clinical grading and negative ER status.
Previous studies have demonstrated that these differentiations
were related somewhat with adhesion factors.?>*® Loss of
adhesion factors in carcinoma cell is considered to play a role in
the characteristic histological appearance of invasive carcinoma
as loosely dispersed linear columns of cells and a typical dis-
crete mass.®? This more diffuse infiltrative pattern may explain
some of the typical imaging appearances of tumors, such as
spiculation and distortion.® In addition, adhesion factors are
correlated with high histologic grade.™® Therefore, adhesion
factors may be considered to be correlated with the results of the
present study in that spiculated breast cancers have a good clini-
cal outcome and histological Grade 1. However, it is also true
that numerous biological mechanisms underlying the association
between the process of infiltration and histopathological charac-
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teristics remain unknown and that further investigations are
required to confirm interpretation of mammography in terms of
the biological and histopathologic characteristics of tumors.

To the best of our knowledge, this is the first study to com-
pare mammographic findings with the Ki-67 labeling index and
histopathological lymphovascular invasion. The results of the
present study demonstrated that there was a higher incidence of
a lower Ki-67 labeling index in tumors with an irregular mass
shape, spiculated periphery, and equivalent or low mass density.
Irregular mass shape and a spiculated periphery are well-known
predictors of malignancy, but the results of the present study
seem to suggest that findings of irregular shape and a spiculated
periphery are relatively good prognostic predictors in terms of
the Ki-67 labeling index. In addition, the results of the present
study demonstrate that lymphovascular invasion was signifi-
cantly greater in cases in which there was architectural distor-
tion; however, the incidence of lymphovascular invasion was
not significantly higher in spiculated masses. These results all
suggest that the correlation between findings of radiological dist
ortion and the mechanisms of lymphovascular invasion remain
unknown and further investigations are required.

We also examined the correlation between mammographic
calcification shape and histopathological characteristics. Previ-
ous studies have reported that triple-negative breast cancers are
more likely to exhibit comedo calcifications.® In addition, the
high frequency of comedo calcification in triple-negative breast
cancers may represent a consequence of high histologic grade.®
The presence of mammographic comedo calcification has also
been reported to be associated with a poor prognosis in small
screening-detected invasive cancers."® The results of the pres-
ent study also demonsirate that non-necrotic calcifications,
including amorphous and punctate calcification, are associated
with a higher ratio of luminal A cases, whereas necrotic calcifi-
cations, including pleomorphic and linear calcification, were
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associated with a higher ratio of HER breast cancers. In addi-
tion, necrotic calcifications tended to be associated with a higher
histological grade than non-necrotic calcifications. Therefore,
the results suggest that the type of calcification may become a
prognostic factor for breast malignancies.

We noted significant differences in the mammographic fea-
tures of different primary breast cancer immunophenotypes in
the present study. Stratifying the mammographic features
according to immunophenotypes reveals distinct differences
among cancer subtypes. However, the limitations of the present
study include that fact that the study was retrospective in nature
and was performed in a single institute, namely Tohoku Univer-
sity Hospital. Therefore, further investigations are needed,
including analysis in several different institutions to further
refine the new mammographic criteria. Biological and histopath-
ological differences may result in imaging differences that may
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These proposed mammographic diagnostic criteria based on bio-
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tion of the biological behavior of breast malignancies.
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The aim of this study is to evaluate the correlation between multi-
detector row helical computed tomography (MDCT) findings and
the histopathological characteristics of patients with invasive duc-
tal carcinoma. We retrospectively reviewed MDCT findings and the
corresponding histopathological features of 442 women with inva-
sive ductal carcinoma. We received informed consent from the
patients and the protocol was approved by the Ethics Committee
at Tohoku University. The median age was 53 years (26-89 years).
We examined the MDCT findings based on mass shape classified
into well, moderate, poorly and scattered demarcated shapes, the
enhancement pattern classified into homogenous, heterogeneous,
rim and poor, and mass density classified into high, intermediate
or low. We subsequently compared these radiological findings
with the histological characteristics and clinical outcome. Poorly
demarcated types were higher in ER+/HER2~ (P = 0.008), while the
well-demarcated type was higher in ER-/HER2— and ER-/HER2+
(P < 0.001 and P = 0.010). Rim pattern was higher in ER-/HER2-
(P < 0.001). Intermediate or low density was higher in ER~/
HER2~ (P < 0.001, respectively). Further analysis based on histo-
logical grade, mitotic counts and lymphovascular invasion demon-
strated that the well-demarcated shape was higher in grade 2 and
3 (P=0.006 and P < 0.001, respectively), and rim pattern was
observed in grade 3 (P < 0.001). Regarding mitotic counts, poorly
and scattered demarcated shapes were observed in score 1
(P = 0.008 and P = 0.014), while well-demarcated shape and rim
enhancement were observed in score 3 (P < 0.001, respectively).
Lymphovascular invasion correlated with a moderate demarcated
shape (P = 0.029). Regarding recurrence rates, there were statisti-
cally significant differences between well and moderate, poorly or
scattered demarcated shapes (P = 0.007, 0.028 and 0.035, respec-
tively). These proposed MDCT diagnostic criteria based on biologi-
cal characteristics contribute to more accurately predicting the
biological behavior of breast cancer patients. (Cancer Sci 2012; 103:
67-72)

H istological tumor type, grade, lymphovascular invasion
and molecular markers such as estrogen receptor (ER)
and human epidermal growth factor receptor 2 (HER2) status
are standard prognostic indicators in breast cancer patients.!
This histological information can contribute to an optimal selec-
tion of treatment strategy including endocrine therapy, chemo-
therapy and targeted therapy in individual patients with breast
cancer.*® Several previous studies examined the correla-
tion between radiological findings and the corresponding
histopathological characteristics. ' A number of independent
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studies demonstrated that spiculated periphery masses in mam-
mography were associated with a good outcome, whereas
well-defined masses were associated with triple-negative breast
cancer cases."® In addition, a spiculated margin of breast can-
cer on high spatial resolution dynamic magnetic resonance
imaging (MRI) was reported to be able to predict a lower histo-
logical grade.”> As for ultrasonography, a poorly circumscribed
margin, abrupt boundary and a hypoechoic or complex echo pat-
tern were reported to be more frequent in grade 3 than in grade
1-2 invasive cancer cases.'” Therefore, an accurate correlation
of radiological findings with their corresponding histopathologi-
cal features is considered one of the most important in imaging
evaluation of breast malignancies, especially with reference to
the study of biological features of the patients.

The recent development of multidetector row helical com-
puted tomography (MDCT) has markedly improved the resolu-
tion that can be achieved in CT scanning, allowing the entire
breast to be scanned in thin slices.**'® This instrument can
detect much smaller lesions and provide more detailed informa-
tion regarding the extent of breast cancer infiltration because of
faster scanning, a wider area of scan coverage and higher resolu-
tion of the volume data than single helical CT.“*!® However, to
the best of our knowledge, no studies have reported on the corre-
lation between these MDCT findings and the corresponding bio-
logical characteristics in individual patients with breast cancer.
Therefore, in the present study, we evaluated the MDCT findings
and compared the histological characteristics including ER,
HER?2 status, histological grade, mitotic counts of the cancer
cells and lymphovascular invasion in a retrospective manner.

Materials and Methods

Patients. We retrospectively reviewed the MDCT findings
and histopathological features of 442 invasive ductal carcinoma
of the breast for which surgery was performed in Tohoku Uni-
versity Hospital in Sendai Japan from January 2005 to June
2010. We received informed consent from all patients and the
protocol for the present study was approved by the Ethics Com-
mittee at Tohoku University Graduate School of Medicine. The
median age of the patients was 53 years (range 26-89 years).
Table 1 summarizes the patient characteristics.

Imaging devices and breast tissue specimens. The MDCT
evaluations were performed using a 16-row detector CT system
(Somatom Sensation Cardiac; Siemens Medical Solutions,

5To whom correspondence should be addressed.
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Table 2. Definition of MDCT findings

Table 1. Patient characteristics
Patient age, median (range) (years) 53 (26-89)
Hormone receptor and HER2 expression
ER+/HER2- 327
ER+/HER2+ 29
ER-/HER2- 55
ER~/HER2+ 31
Histological grade
HG1 149
HG2 213
HG3 80
Mitotic counts of carcinoma cells
Score 1 298
Score 2 72
Score 3 72
Lymphovascular invasion
Ly+ 220
Ly- 222

ER, estrogen receptor; HER2, human epidermal growth factor receptor
2; HG; histological grade; Ly, lymphovascular invasion; +, positive;
-, negative.

Erlangen, Germany). A total of 2 mL/kg of nonionic iodine
contrast materials (300 mg I/mL) was injected at a rate of
2.0 mL/s. The CT data acquisition started 60 s after commenc-
ing the injection of contrast medium. We used an X-ray tube
modulation system (CARE Dose 4D; Siemens Medical Solu-
tions). The X-ray tube voltages were 80, 100 or 120 kV and the
quality reference tube current-time product was set at 120 mAs.
The CT was performed in a craniocaudal direction with a sec-
tion thickness of 0.75 mm and a table feed of 12 mm per rota-
tion, resulting in a pitch factor of 1. The gantry rotation time
was 0.5 s. Transverse CT images were reconstructed using a
section thickness and increment of 1 mm each. The additional
reconstruction was achieved by targeting the relevant side of
the breast with the same thickness and increment. All data were
sent to the Advantage Workstation v4.1/4.2 (GE Healthcare,
Milwaukee, W1, USA).

The slides of the cases were stained with hematoxylin—eosin
(HE) and immunohistochemical antibody for ER and HER2.
Surgical specimens had been fixed in 10% formaldehyde solu-
tion and cut into serial 5-mm-thick slices, embedded in paraffin,
cut into 4-pum-thick sections, and placed on the glue-coated glass
slides. We used the avidin-streptavidin immunoperoxidase
method using the clone 6F11 antibody (Ventana, Tucson, AZ,
USA) in an automated immunostainer (Benchmark System;
Ventana). A standardized immunohistochemistry kit (Hercep-
Test for Immunoenzymatic Staining; Dako, Copenhagen, Den-
mark) was used for HER2 staining.

Imaging and histopathological analyses. Two experienced
breast physicians and one experienced radiologist independently
evaluated the MDCT findings of all cases examined in the pres-
ent study. These three investigators were blinded to the histo-
pathological diagnosis and the clinical outcome of the patients.
If there were discrepancies between the investigators, they
reached a final decision using consensus evaloations from eight
experienced breast physicians and radiologists. We recorded
tumor shape, enhancement pattern and density. Table 2 summa-
rizes the definition of MDCT findings. Tumor shape was defined
on the basis of gross tumor configuration from stellate to cir-
cumscribed, and tentatively classified into a well-demarcated
shape including an oval mass shape and circumscribed periph-
ery, a poorly demarcated shape including an irregular mass
shape and spiculated periphery, a moderate demarcated shape
having a mixed contour and a scattered demarcated shape
(Fig. 1). The enhancement pattern was tentatively classified into

68

Definition

Tumor shape

Well demarcated Oval mass shape and circumscribed
periphery
Mixed contour of well and poorly
demarcated shape
Irregular mass shape and spiculated
periphery
Lesion with multiple
spotted foci

Moderate demarcated
Poorly demarcated
Scattered demarcated

Enhancement pattern

Homogenous Diffuse and monotonous
enhancement pattern
Heterogenous Mosaic pattern

Rim Enhancement only in periphery
of the tumor

Poor Weak enhancement
Density
High High density compared with the

normal mammary gland
Equal or low density compared with
the normal mammary gland

Intermediate or low

MDCT, multidetector row helical computed tomography.

homogenouns, heterogenous, rim and poor enhancement (Fig. 1).
Density of the lesion after injection of contrast media was subse-
quently compared with that of normal mammary gland and ten-
tatively classified into high and intermediate or low (Fig. 1).

Two of the experienced pathologists independently evaluated
the surgical pathology specimens, respectively. Histopathologi-
cal evaluation was based on the World Health Organization
histological classification of tumors of the breast and Rosen’s
Breast Pathology.**'> Estrogen receptor was determined by
nuclear staining graded from 0 to 8 using the Allred score, and
posmve was grade 3 or more.'® With 1e°ard to HER2 evalua-
tion, membranous staining was graded as follows: score O-1+,
2+ and 3+.%7 Scoring of 2+ cases were added in the other
examination of fluorescence in situ hybridization (FISH) that
was used to calculate the gene copy ratio of HER2-to-CEP17
(PathVysion HER2 DNA Probe kit; Abbott, Chicago, IL, USA).
Positive was defined as either HER2 : CEP17 sig Onal ratio (FISH
score) >2.2.U'7 Histological grades and mitotic counts were
assessed according to the criteria of Elston and Ellis.® We also
identified the presence or absence of I(Ymphovascular invasion
according to Rosen’s Breast Pathology.

We examined the MDCT findings including tumor shape,
enhancement pattern and density with the histopathological
characteristics including ER, HER2 status, histological grade,
mitotic counts and lymphovascular invasion. In addition, we
examined the correlation between MDCT findings and clinical
outcome including recurrence rate and recurrence-free survival
of the patients.

Statistical analysis. To compare the MDCT findings with the
histopathological findings, multivariate statistics were used. All
analyses were performed with the use of statistical software
(SPSS, version 10.0; SPSS, Chicago, IL, USA), with P < 0.05
indicating a significant difference.

Results

Comparison of MDCT findings with ER and HER2 status.
Table 3 summarizes the results of the numbers and ratios of
each MDCT findings according to ER and HER2 status. There
were statistically higher cases of moderate and poorly in the
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Fig. 1.

ER+/HER2— group (P = 0.014 and P = 0.008, respectively),
well in the ER—/HER2—- group (P < 0.001) and well in the
ER~/HER2+ group (P = 0.010). However, there were statisti-
cally lower ratios of well-demarcated shape compared with
other tumor shapes in the ER+/HER2~ group (P < 0.001) and
of poorly in the ER~/HER2~ group (P = 0.004). Regarding
enhancement patterns and density, there were statistically higher
cases demonstrating rim pattern and/or intermediate and low
density in the ER—/HER2~- group (P < 0.001, respectively).
However, there were statistically lower ratios of rim in the
ER+/HER2—- group (P < 0.001) and of homogenous pattern in
the ER—/HER2- group (P = 0.014), and of high density in the
ER—/HER2- group (P < 0.001) (Table 3).

Comparison of MDCT findings with histological grades.
Table 4 summarizes the results of the numbers and ratios of
each MDCT finding according to histological grade. As for mass
shape, there was a statistically higher ratio of well in the grade 3
group (P < 0.001) and poorly in the grade 1 group (P = 0.012),
whereas lower ratios of well in the grade 1 and grade 2 groups
(P < 0.001 and P = 0.006) and moderate and poorly in the grade
3 group (P = 0.010 and P < 0.001). Regarding the enhancement
pattern, there were statistically higher ratios of homogenous in
the grade 1 group (P = 0.041) and of rim pattern in the grade 3
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Representative images of tumor shape, enhancement pattern and density according to multidetector row helical computed tomography
findings. (A) Well-demarcated shape, (B) moderate demarcated shape, (C) poorly demarcated shape, (D) scattered demarcated shape, (E)
homogenous enhancement pattern, (F) heterogenous pattern, (G) rim pattern, (H) poor enhancement, (I) high density and (J) intermediate or
low density.

group (P < 0.001). However, there was a statistically lower ratio
of homogenous in the grade 3 group (P = 0.020) and of rim pat-
tern in the grade 1 group (P < 0.001). There was no statistical
significance in the correlation between histological grade and
density (Table 4).

Comparison of MDCT findings with mitotic counts. Table 5
summarizes the results of the numbers and ratios of each MDCT
finding according to mitotic counts. There were statistically
higher ratios of poorly in the score 1 group (P = 0.008), well in
the score 3 group (P < 0.001) and scattered in the score 1 group
(P = 0.014), whereas lower ratios of well-demarcated shape in
the score 1 group (P = 0.015) and poorly demarcated shape in
the score 3 group (P = 0.007). As for the enhancement pattern,
there were higher ratios of rim pattern in the score 2 and score 3
groups (P = 0.004 and P < 0.001, respectively) and poor pattern
in the score 1 group (P = 0.027), whereas a lower ratio of rim
pattern in the score 1 group (P < 0.001). There was no statistical
significance in the correlation between mitotic counts and den-
sity (Table 5).

Comparison of MDCT findings with lymphovascular
invasion, Table 6 summarizes the results of the numbers and
ratios of each MDCT finding according to lymphovascular inva-
sion. There was a statistically higher ratio of lymphovascular
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Table 3. Comparison of MDCT findings with ER and HER2 status

Table 5. Comparison of MDCT findings with mitotic counts

ER+/HER2- ER+/HER2+ ER~/HER2- ER-/HER2+ Score 1 Score 2 Score 3

Tumor shape Tumor shape

Well 23 ) 24* 9% Well 27 15 28*

Moderate 169* 12 20 13 Moderate 142 33 31

Poorly 110* 8 8 8 Poorly 103* 22 9

Scattered 25 4 5 1 Scattered 28* 2 2
Enhancement pattern Enhancement pattern

Homogenous 142 10 14 14 Homogenous 127 26 21

Heterogenous 162 16 26 15 Heterogenous ) 147 31 31

Rim 8 2 12* 2 Rim 4 14* - 16*

Poor 15 1 3 0 Poor 22* 1 2
Density Density

High 198 21 20 22 High 183 46 38

Intermediate/low 129 8 35% 9 Intermediate/low 115 26 34

*Higher ratio P < 0.05. ER, estrogen receptor; HER2, human epidermal
growth factor receptor 2; MDCT, multidetector row helical computed
tomography; +, positive; -, negative.

Table 4. Comparison of MDCT findings with histological grade

Grade 1 Grade 2 Grade 3

Tumor shape

Well 3 19 38*

Moderate 75 109 28

Poorly 61* 72 13

Scattered 10 13 1
Enhancement pattern

Homogenous 72* 88 24

Heterogenous 76 103 35

Rim 1 13 19*

Poor 0 9 2
Density

High 92 127 48

Intermediate/low 57 86 32

*Higher ratio P < 0.05. MDCT, multidetector row helical computed
tomography.

invasion in the moderate demarcated shape group (P = 0.029).
However, there were statistically lower ratios of lymphovascular
invasion in the scattered and/or poor enhancement pattern
(P < 0.001 and P = 0.037) (Table 6).

Comparison of MDCT findings with clinical outcome of the
patients. Disease recurrence rates according to tumor shape
were 25.0% in the well-demarcated shape, 6.7% in the moderate
demarcated shape, 8.8% in the poorly demarcated shape and 0%
in the scattered demarcated shape. There were statistically
significant differences between well and moderate, poorly or
scattered demarcated shapes (P =0.007, 0.028 and 0.035,
respectively). Recurrence rates according to enhancement pat-
tern were 5.7% in homogenous, 10.6% in heterogenous, 20.0%
in rim and 9.1% in the rim enhancement pattern. There were no
statistically significant differences according to enmhancement
patterns. Recurrence rates according to density were 9.0% in
high and 8.9% in intermediate or low density and there were no
statistically significant differences between these two groups.
Figure 2 shows the recurrence-free survival in relation to tumor
shape and enhancement patterns according to the Kaplan—-Meier
method. There were statistically significant differences between
the well-demarcated shape and the moderate or scattered demar-
cated shape (P = 0.024 and 0.038, respectively).

70

*Higher ratio P < 0.05. MDCT, multidetector row helical computed
tomography.

Table 6. Comparison of MDCT findings with lymphovascular
invasion
Ly+ Ly-
Tumor shape
Well 36 26
Moderate 113* 91
Poorly 62 72
Scattered 9 33
Enhancement pattern
Homogenous 82 92
Heterogenous 110 99
Rim 19 11
Poor 9 20
Density
High 139 128
Intermediate/low 81 94

*Higher ratio P < 0.05. Ly, lymphovascular invasion; MDCT,
multidetector row helical computed tomography; +, positive;
-, negative.

Discussion

Breast cancer is a disease associated with heterogeneous out-
comes and numerous studies have been reported regarding the
establishment of prognostic factors of individual patients. Tradi-
tional prognostic factors that were correlated with the overall
survival of patients include histological grade, mitotic counts
and lymphovascular invasion of individual cases.*'® Several
molecular prognostic factors including ER and HER2 status
have over the past few years been clearly demonstrated to con-
tribute significantly to the management and subsequent progno-
sis of patients with breast cancer.481) Therefore, an accurate
correlation of radiological findings with their corresponding his-
topathological features is considered most important in the
radiological evaluation of patients with breast cancer. In addi-
tion, the recognition of how many radiological features obtained
might actually reflect the prognosis of individual patients is con-
sidered markedly important in gaining insight into how the
tumor proliferates and into potentially determining which
tumors can be managed with aggressive adjuvant treatment. The
purpose of the present study is therefore to evaluate the correla-
tion of MDCT findings including tumor shape, enhancement
pattern and density with ER expression, HER2 status, histologi-
cal grade, mitotic counts and lymphovascular invasion in
Japanese patients with breast cancer.

doi: 10.1111/].1349-7006.2011.02116.x
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Fig. 2. Recurrence-free survival according to multidetector row helical computed tomography findings using the Kaplan-Meier method. (A)

Tumor shape and (B) enhancement pattern.

Several previous studies evaluated the correlation between
radiological findings including mammography, ultrasonography
and MRI and histopathological characteristics of individual
patients.”"'"*® For mammography, a number of independent
study groups demonstrated that spiculated periphery masses
were sigréiﬁcantly associated with a good outcome for
patients,”"® but well-defined masses were associated with tri-
ple-negative breast cancer.”"® Previous studies also compared
the ultrasonographic findings of ER-negative/HER2-negative
cancers with those of ER-negative/HER2-positive cancers and
concluded that ER-negative/HER2-positive breast cancers were
likely to demonstrate spiculated margins and to be associated
with calcifications.!® In addition, ER-negative/HER2-negative
breast cancers were more likely to show as smooth or circum-
scribed masses.® A spiculated margin in MRI findings did
demonstrate an association with positive ER expression and
negative HER?2 status, and high-grade malignant breast cancers
circumscribed margins.®>?

Results of the present study did demonstrate that there was a
higher incidence of increased ratios of ER+/HER2— type, lower
histological grade, lower mitotic counts and a lower ratio of lym-
phovascular invasion in poorly demarcated masses, whereas the
presence of higher ratios of triple-negative type, higher
histological grade, higher mitotic counts and lymphovascular
invasion were all demonstrated to be associated with well-demar-
cated masses in the present study. In addition, these results all
suggest that poorly demarcated breast cancer was associated with
a good clinical outcome, and well-demarcated shape of carci-
noma cells was associated with an adverse clinical outcome and
negative ER status in carcinoma cells. Results of the present study
were similar to those of previously reported studies regarding the
correlation between mammography or MRI findings and intrinsic

. . (7-11,20) @
subtype or histological grade of cases. Inoue et al.
reported the correlation between MDCT findings and the ratio of
malignant cases but they did not necessarily focus on the histo-
pathological characteristics of the cases examined. Therefore, to
the best of our knowledge, this is the first study to examine the
correlation between MDCT findings and the corresponding histo-
pathological features. However, the mechanisms of the correla-
tion between intrinsic subtype or histological grade and the
growth pattern of carcinoma cells have not been elucidated.
Therefore, further studies are required to investigate the potential
mechanisms of correlation between biological characteristics and
the growth pattern of carcinoma cells.

Results of the present study also demonstrated that there
were statistically significant correlations of rim enhancement
patterns with triple-negative breast cancer and higher histologi-

Tamaki et al.

cal grade. Rim enhancement was one of the important morpho-
logical signs in predicting the worse clinical outcomes. These
results all suggest that high angiogenesis might be present in
the peripheral lesion of the masses and central necrosis and
fibrosis. A previous MRI study also demonstrated the correla-
tion between rim enhancement and large tumor size, higher his-
tological grade or negative hormone receptor status of cases.®?
However, this is the first study examining the correlation
between rim enhancement in MDCT findings and biological
characteristics of breast malignancies. In general, rim enhance-
ment is more frequently noted in rapidly growing breast carci-
nomas.

In addition, we also examined the recurrence ratio and recur-
rence-free survival of patients according to MDCT findings.
Results of the present study demonstrated that a well-demar-
cated shape was associated with a significantly higher recur-
rence ratio than other groups (P =0.007, 0.028 and 0.035,
respectively). A similar tendency was also detected in the rim
enhancement pattern but the difference did not reach statistical
significance. Therefore, MDCT findings of well-demarcated
shape and rim enhancement pattern can become one of the
predictors of a worse clinical outcome for patients.

We noted significant differences in the MDCT features of
different primary breast cancer types in the present study. Strat-
ifying the MDCT features according to phenotypes reveals dis-
tinct differences among cancer subtypes. However, the present
study was retrospective and examined in a single institute.
Therefore, it is probable that further investigation of not only
Japanese women but also other Asian women will confirm the
new MDCT criteria. Biological and histopathological differ-
ences may result in the imaging differences that might help us
better understand breast cancer development. These proposed
MDCT diagnostic criteria based on biological characteristics
might provide a more accurate prediction of biological behavior
of breast malignancies when radiologists evaluate the findings
of MDCT.
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It is well-known that estrogens immensely contribute to the pro-
gression of human breast carcinoma, but their detailed molecular
mechanisms remain largely unclear. In this study, we identified nu-
cleobindin 2 (WUCB2) as a gene associated with recurrence based
on microarray data of estrogen receptor (ER)-positive breast carci-
noma cases {n = 10), and subsequent in vitro study showed that
NUCB2 expression was upregulated by estradiol in ER-positive
MCF-7 cells. However, NUCB2 has not yet been examined in breast
carcinoma, and its significance remains unknown. Therefore, we
further examined the biological functions of NUCB2 in breast carci-
noma using immunohistochemistry and in vitro studies. NUCB2
immunoreactivity was detected in carcinoma cells in 77 of 161
(48%) breast cancer cases, and positively associated with lymph
node metastasis and ER status of the patients. In addition, NUCB2
status was significantly associated with an increased risk of recur-
rence and adverse clinical outcome of the patients using both uni-
variate and multivariate analyses. Results of siRNA transfection
experiments showed that NUCB2 significantly increased cell prolif-
eration, and migration and invasion properties in both MCF-7 and
ER-negative SK-BR-3 cells. These results suggest that NUCB2 is up-
regulated by estrogens and plays an important role, especially in
the process of metastasis, in breast carcinomas. NUCB2 status is
considered a potent prognostic factor in human breast cancer.
(Cancer Sci 2012; 103: 136-143)

B reast cancer is one of the most common malignancies in
women. Estrogens play an important role in the progression
of breast cancer through an interaction with ER, and ER is posi-
tive in approximately two-thirds of breast carcinoma cases. The
great majority of ER-positive breast carcinomas respond to
endocrine therapy such as tamoxifen and aromatase inhibitors,
but it is also true that some of these carcinomas acquire clinical
resistance to endocrine therapy.®”

Estrogen receptor activates the transcription of various target
genes in a ligand-dependent manner by binding EREs located in
the promoter region. Various estrogenic functions are character-
ized by the expression patterns of these genes, which make it
extremely important to examine the expression and roles of estro-
gen-responsive genes to obtain a better understanding of estro-
genic actions such as progression, recurrence, and resistance to
endocrine therapy.?) Various estrogen-responsive genes have
been identified in breast carcinoma,”” but their detailed clinical
significance and/or function remain unclear in a great majority of
these genes. Therefore, in this study, we first studied the expres-
sion profiles of genes containing ERE in ER-positive breast carci-
noma tissues based on microarray data, and identified NUCB2 as
a possible gene associated with recurrence in these patients.

Nucleobindin 2 has a characteristic constitution of functional
domains, such as a signal peptide, a Leu/Ile rich region, two
Ca* binding EF-hand domains separated by an acidic amino
acid-rich region, and a leucine zipper,’®” and has a wide variety
of basic cellular functions.®'% However, to the best of our

Cancer Sci | January 2012 | vol. 103 | no.1 | 136-143

knowledge, NUCB2 has not yet been studied in breast carci-
noma. Therefore, we examined NUCB2 in breast carcinoma
using immunohistochemistry and in vitro studies to explore its
clinical and biological significance.

Materials and Methods

Patients and tissues. Two sets of tissue specimens were eval-
vated in this study. As a first set, 10 specimens of ER-positive
breast carcinoma were obtained from women (age range, 48—
74 years) who underwent surgical treatment in 2001 or 2002 in
the Department of Surgery, Tohoku University Hospital (Sendai,
Japan). All patients received tamoxifen therapy after surgery.
The status of recurrence was evaluated whether the first locore-
gional recurrence or distant metastasis was detected within the
follow-up time after surgery (mean, 80 months; range, 37-
204 months) or not. These specimens were stored at —80°C for
microarray analysis. :

As a second set, 161 specimens of invasive ductal carcinoma
of human breast were obtained from women who underwent sur-
gical treatment between 1984 and 1997 in the Department of
Surgery, Tohoku University Hospital. The patients did not
receive chemotherapy, irradiation, or hormonal therapy before
the surgery. Review of the charts revealed that 125 patients
received adjuvant chemotherapy, 66 patients received tamoxifen
therapy, and 12 patients received radiation therapy following
surgery. The clinical outcome of the patients was evaluated by
disease-free and breast cancer-specific survival. The mean age
was 54 years (range, 22-81 years), and the mean follow-up time
was 103 months (range, 3—157 months). Mitotic score and histo-
logical grade were evaluated according to a previous report.??
All the specimens were fixed in 10% formalin and embedded in
paraffin wax.

Research protocols for this study were approved by the Ethics
Committee at Tohoku University School of Medicine (Sendai,
Japan).

Laser capture microdissection/microarray analysis. Gene
expression profiles of breast carcinoma cells in the first set
(n =10) were examined using microarray analysis. Gene
expression profile data was assembled previously.“*'3 Briefly,
approximately 5000 breast carcinoma cells were laser trans-
ferred from the frozen section, and total RNA was subsequently
extracted. In this study, we focused on the expression of 519
genes identified to have a functional ERE by Bourdeau et ol 4%

Immunohistochemistry. Rabbit polyclonal antibody for
NUCB2 and HER2 (A0485) were purchased from Aviva Sys-
tems Biology (San Diego, CA, USA) and Dako (Carpinteria,
CA, USA), respectively. Monoclonal antibodies for ER
(ER1DS), PR (MAB429), and Ki-67 (MIB1) were purchased-

5To whom correspondence should be addressed.
E-mail: k-takagi@med.tohoku.ac.jp
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from Immunotech (Marseille, France), Chemicon (Temecula,
CA, USA), and Dako, respectively.

A Histofine Kit (Nichirei, Tokyo, Japan), which incorporates
the streptavidin-biotin amplification method, was used. The anti-
gen-antibody complex was visualized with 3,3’-diaminobenzi-
dine and counterstained with hematoxylin. Human tissue of the
stomach was used as a positive control for NUCB2 antibody,™”
and normal rabbit IgG was used instead of the primary antibody,
as a negative control of NUCB2 immunostaining.

NUCB?2 immunoreactivity was detected in the cytoplasm of
breast carcinoma cells, and the cases that had more than 10% of
positive carcinoma cells were considered positive for NUCB2
status. Immunoreactivity for ER, PR, and Ki-67 was detected in
the nucleus, and the immunoreactivity was evaluated in more
than 1000 carcinoma cells for each case. The percentage of
immunoreactivity, that is, the LI, was determined. Cases with an
ER LI or PR LI of more than 10% were considered ER- or PR-
positive breast carcinoma, respectively, according to a previous
report.(lﬁ)

Immunoblotting. The protein of MCF-7 cells was extracted
using M-PER Mammalian Protein Extraction Reagent (Pierce
Biotechnology, Rockford, IL, USA) with Halt Protease Inhibitor
Cocktail (Pierce Biotechnology). Twenty micrograms of the
protein (whole cell extracts) was subjected to SDS-PAGE (10%
acrylamide gel). Following SDS-PAGE, proteins were trans-
ferred onto Hybond-P PVDF membrane (GE Healthcare, Chal-
font St Giles, UK). Primary antibody was the same anti-NUCB2
antibody used in the immunohistochemistry (Aviva Systems
Biology). Antibody-protein complexes on the blots were
detected using ECL Plus Western blotting detection reagents
(GE Healthcare), and the protein bands were visualized with a
LAS-1000 image analyzer (Fuji Photo Film, Tokyo, Japan).

Real-time PCR. Total RNA was extracted using TRIzol
reagent (Invitrogen, Carlsbad, CA, USA), and cDNA was syn-
thesized using a QuantiTect reverse transcription Kit (Qiagen,
Hilden, Germany). Real-time PCR was carried out using the
LightCycler System and FastStart DNA Master SYBR Green I
(Roche Diagnostics, Mannheim, Germany). The primer
sequences of NUCB2 and the ribosomal protein LI3A
(RPL13A) were: NUCB2, 5-AAAGAAGAGCTACAACGT-
CA-3’ (forward) and 5-GTGGCTCAAACTTCAATTC-3’
(reverse); and RPL13A, 5-CCTGGAGGAGAAGAGGAAA-
GAGA-3 (forward) and 5-TTGAGGACCTCTGTGTATTTGT-
CAA-3’ (reverse). The NUCB2 mRNA level was calculated as
the ratio of the RPL13A mRNA level.

Small interfering RNA transfection.” Small interfering RNA for
NUCB2 was purchased from Ambion (Austin, TX, USA). The
target sequences of siRNA against NUCB2 were as follows: sil,
5-UAUCUUCGCACUUUCCACAGGGUGA-3" (sense) and
5-UCACCCUGUGGAAAGUGCGAAGAUA-3" (anti-sense);
and si2, 5-UUGAUUAGCAUAUCUAAAUCUGUGG-3’
(sense) and 5-CCACAGAUUUAGAUAUGCUAAUCAA-3’
(anti-sense). In addition, medium GC duplex #2 (Invitrogen) was
also used as a negative control (siC). The siRNA was transfected
using HiperFect transfection reagent (Qiagen).

Cell proliferation, migration, and invasion assays. MCF-7 and
SK-BR-3 cells were transfected with NUCB2-specific siRNA or
control siRNA in a 96-well culture plate. Three days after trans-
fection, the cell number was evaluated using a Cell Counting
Kit-8 (Dojindo, Kumamoto, Japan).

The cell migration assay was carried out using a 24-well plate
and Chemotaxicell (8 pm pore size; Kurabo, Osaka, Japan)
according to a previous report.!”” MCF-7 and SK-BR-3 cells
were plated at the upper chamber, and the cells on the upper sur-
face of the membrane were removed after incubation for 72 h.
The migration ability was evaluated as an average number of
cells in five middle power fields (x200) randomly selected on
the lower surface of the membrane.
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The cell invasion assay was carried out using a meodified
migration assay. The upper surface of the membrane of a
Chemotaxicell was coated with 80 mg/cm> of Matrigel base-
ment membrane matrix (BD Biosciences, Heidelberg, Ger-
many), and the invasion ability was evaluated as the total
number of cells on the lower surface of the membrane.

Results

Comparison of gene expression profiles between recurrent and
non-recurrent groups of breast carcinoma patients. The micro-
array data used in this study are available through the National
Center for Biotechnology Information Gene Expression Omni-
bus database (accession GSE11965, http://www.ncbi.nim.nih.
gov/geo). In this analysis, when the expression ratio of a gene in
the recurrence group compared to that in the non-recurrence
group was more than 2.0 or <0.5, we determined that the gene
was predominantly expressed in the recurrence or non-recur-
rence group, respectively.

As shown in Figure 1(A), of the 519 genes examined, the
number of genes predominantly expressed in the recurrence
group (group A) was 17 (3%); the number of genes predomi-
nantly expressed in the non-recurrence group (group B) was 35
(7%). A great majority of the genes (467 genes; 90%) had a simi-
lar expression level in each of the two groups (ratio 0.5-2.0)
(group C). The lists of genes classified in group A and group B
are summarized in the right panel of Figure 1(A), and in
Table S1. When we carried out gene ontology enrichment analy-
sis between groups A and B (http://cbl-gorilla.cs.technion.ac.il/),
no significant enriched gene ontology term was detected. Among
the genes in Group A, NUCB?2 showed the highest ratio (4.9) and
expression level, indicating its possible involvement in the recur-
rence in ER-positive breast carcinoma patients after surgery.

The NUCB2 gene contains functional ERE in the promoter
region™® but the regulation of NUCB2 expression by estradiol
has not been investigated in breast carcinoma cells. As shown in
Figure 1(B), NUCB2 mRNA expression was significantly
increased by estradiol treatment for 3 days in MCF-7 cells.
However, the NUCB2 mRNA expression level was significantly
lower (P < 0.05, and 0.3-fold) than the basal level, when the
cells were treated together with estradiol (10 nM) and a potent
ER antagonist ICI 182780 (1 pM). When MCF-7 cells were
treated with estradiol (10 nM) and anti-estrogen tamoxifen
(10 pM), the NUCB2 mRNA level was not significantly
changed compared to the basal level (P = 0.10, and 1.5-fold).
Estradiol (10 nM) time-dependently induced NUCB2 mRNA
expression in MCF-7 cells (Fig. 1C).

NUCB2 immunolocalization in human breast carcinoma. As
shown in Figure 2(A), immunoblot analysis for NUCB2 revealed
a specific band (approximately 43 kDa) in MCF-7 cells, which
confirmed the specificity of the anti-NUCB2 antibody used in this
study.®® In the immunohistochemistry, NUCB2 immunoreactiv-
ity was detected in the cytoplasm of breast carcinoma cells
(Fig. 2B). NUCB2 immunoreactivity was weakly and focally
detected in the epithelial cells of morphologically normal glands
(Fig. 2C), but it was negative in the stroma. In the positive con-
trol, NUCB2 was mainly positive in the epithelium of the fundic
glands in the stomach (Fig. 2D), as reported previously,>
whereas no significant immunoreactivity was detected in the
same areas of the negative control section (Fig. 2E).

Associations between NUCB2 immunohistochemical status
and various clinicopathological parameters in breast carcinomas
are summarized in Table 1. Of 161 cases of breast carcinoma
examined in this study, 77 (48%) were NUCB2-positive.
NUCB2 status was significantly associated with lymph node
metastasis (P = 0.004) and ER status (P = 0.002) of the
patients, whereas no significant association was detected in
patients’ age, menopausal status, clinical stage, tumor size,
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Nucleobindin 2 (NUCB2) as an estrogen-induced gene associated with breast carcinoma. (A) Scatter plot analysis of microarray data for

519 genes containing functional estrogen-responsive element in breast carcinomas comparing the recurrence and non-recurrence group (n =5 in
each group). Genes with an expression ratio, recurrence group to non-recurrence group, of more than 2.0 or <0.5 are located outside the
diagonal line, and classified as group A or group B, respectively. Genes with a ratio between 2.0 and 0.5 were classified as group C. NUCB2
showed the highest ratio in these genes (arrow). The right panel summarizes the gene list of group A. (B,C) Effects of estradiol on NUCB2 mRNA
expression. MCF-7 cells were treated with indicated concentrations of estradiol with or without (=) ICl 182780 or tamoxifen for 3 days (B) or
treated with estradiol (10 nM) for the indicated period (C). The relative NUCB2 mRNA leve! summarized as a ratio (%) compared with the basal
level {(non-treatment). Data are presented as the mean + SD (n = 3). *P < 0.05 and ***P < 0.001 versus non-treatment (left bar) (B) or 0 h (left

plot) (C).

histological grade, mitotic score, PR status, HER?2 status, or Ki-
67 LI. The positive association between NUCB2 status and
lymph node metastasis was significant regardless of the ER sta-
tus of these cases (P = 0.02) (Table S2). NUCB?2 status was pos-
itively associated with Ki-67 LI in the ER-positive group
(P = 0.02), and was positively correlated with tumor size in ER-
negative cases (P = 0.03).

When immunohistochemistry was carried out in ductal carci-
noma in situ, NUCB2 immunoreactivity was detected in the car-
cinoma cells (Fig. 2F) in 7 (32%) of 22 cases. The NUCB2
positivity was 1.5-fold higher in invasive carcinoma (48%) than
non-invasive carcinoma (32%), although it did not reach a level
of significance (P = 0.15).

Association between NUCB2 status and clinical outcome. In
order to thoroughly examine the association between NUCB2
status and patient prognosis, we excluded stage IV cases and
used stage I-III breast carcinoma patients (n = 141) in the
following analyses. As shown in Figure 3(A), NUCB2 status
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was significantly associated with an increased incidence of
recurrence (P = 0.003), and the multivariate analysis revealed
that lymph node metastasis (P = 0.01), ER status (P = 0.002),
and NUCB?2 status (P = 0.001) were independent prognostic fac-
tors for disease-free survival with relative risks over 1.0
(Table 2).

A breast cancer-specific survival curve of the patients is sum-
marized in Figure 3(B); a significant correlation (P = 0.0002)
was detected between NUCB?2 status and adverse clinical out-
come in the 141 breast carcinoma patients examined. In the uni-
variate analysis (Table 2), lymph node metastasis (P = 0.0004),
NUCB?2 status (P = 0.002), ER status (P = 0.003), histological
grade (P =0. 01), HER2 status (P = 0.01), and tumor size
(P = 0.02) were all indicated as significant prognostic variables
for breast cancer-specific survival. A following multivariate
analysis showed that only NUCB2 status (P = 0.0004) and ER
status (P = 0.01) were independent prognostic factors with a
relative risk over 1.0, whereas lymph node metastasis

doi: 10.1111/j.1349-7006.2011.02119.x
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Fig. 2. Immunohistochemistry for nucleobindin 2 (NUCB2) in breast carcinoma. (A) Immunoblotting for NUCB2 in MCF-7 cells, MW, molecular
weight. (B) NUCB2 immunoreactivity was detected in the carcinoma cells of invasive ductal carcinoma. (C) NUCB2 immunoreactivity was weakly
and focally detected in morphologically normal mammary glands. (D) Positive control section of NUCB2 immunohistochemistry {gastric mucosa).
(E) Negative control section of NUCB2 immunohistochemistry (same area as Fig. 2D). (F) NUCB2 immunoreactivity was detected in the carcinoma

cells of ductal carcinoma in situ. Bar = 100 pm.

(P =0.22), histological grade (P =0.28), HER2
(P = 0.60), and tumor size (P = 0.07) were not significant.

A similar association between NUCB2 and worse prognosis
was detected regardless of the Ki-67 status (P = 0.03 in cases
with Ki-67 LI 2 10% and P = 0.04 in cases with Ki-67 < 10%
for disease-free survival [Fig. 3C]; P = 0.004 in cases with Ki-
67 LI =2 10% and P-value not available cases with Ki-67 < 10%
because no patient died in the NUCB2-negative group for breast
cancer-specific survival). When the 66 NUCB2-positive cases
were further categorized into two groups according to immuno-
intensity (++, strongly positive [n = 16]; +, modestly positive
[n = 50]), no significant difference was detected between these
two groups (P = 0.60 for disease-free survival [Fig. 3D], and
P = (.49 for breast cancer-specific survival).

Forty patients with stage I-III disease received tamoxifen
therapy following surgery as an adjuvant treatment, and these
cases were all positive for ER. NUCB?2 status was also markedly
associated with an increased risk of recurrence (Fig. 3E) and
worse prognosis (data not shown) in the patients who received
tamoxifen therapy, although P-values were not available
because no patient had recurrent disease or died in the group of
NUCB2-negative cases. Significant association between NUCB2
status and patients’ clinical outcome was also detected in the
113 patients who received adjuvant chemotherapy (P = 0.03 for
disease-free and P = 0.002 for breast cancer-specific survival),

status
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38 ER-negative cases (P =0.0001 for disease-free and
P < 0.0001 for breast cancer-specific survival), or 24 cases with
ER LI<1% (P=0.001 for disease-free [Fig. 3F] and
P = 0.0004 for breast cancer-specific survival).

Effects of NUCB2 expression on cell proliferation and invasion
in breast carcinoma cells. The results of our study suggest that
NUCB?2 is associated with worse prognosis of breast carcinoma
patients regardless of their ER status, although NUCB2 expres-
sion is upregulated by estrogen. In order to further examine the
biological functions of NUCB2 in human breast carcinoma, we
transfected specific siRNA for NUCB2 both in ER-positive
MCF-7 and ER-negative SK-BR-3 breast carcinoma cells. The
NUCB2 mRNA expression level was markedly decreased in
these cells transfected with specific NUCB2 siRNA (sil or si2)
at 3 days after transfection compared to cells transfected with
control siRNA (siC). The ratio of NUCB2 mRNA level com-
pared to that in the control siRNA was: MCF-7, 5% (sil) and
8% (si2); and SK-BR-3, 11% (sil) and 12% (si2).

As shown in Figure 4(A), the number of cells was signifi-
cantly lower in MCF-7 cells transfected with NUCB2 siRNA
(P < 0.001 and 0.52-fold in sil, and P < 0.001 and 0.64-fold in
si2) than in control cells transfected with siC 3 days after the
transfection. A similar association was also detected in SK-BR-
3 cells under the same conditions (P < 0.001 and 0.75-fold in
sil, and P < 0.001 and 0.81-fold in si2). Figure 4(B) shows the
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Table 1. Association between nucleobindin 2 (NUCB2) immuno-
histochemical status and clinicopathological parameters in 161 breast
carcinomas

NUCB2 status

P-value
Positive (n = 77) Negative (n = 84)
Aget (years) 539+ 14 54.4 + 1.2 0.770
Menopausal status (%)
Premenopausal 31 (19) 35 (22) 0.860
Postmenopausal 46 (29) 49 (30)
Stage (%)
| 18 (11) 24 (15) 0.730
i 38 (24) 43 (27)
i 10 (6) 8 (5)
v 11(7) 9 (6)
Tumor sizet (cm) 3404 3404 0.990
Lymph node metastasis (%)
Positive 41 (25) 26 (16) 0.004
Negative 36 (22) 58 (36)
Histological grade (%)
1 (well) 20 (12) 24 (15) 0.930
2 (moderate) 30 (19) 31 (19)
3 (poor) 27 (17) 29 (18)
Mitotic score (%)
1 (low) 33 (20) 43 (27) 0.570
2 (moderate) 22 (14) 21 (13)
3 (high) 22 (14) 20 (12)
ER status (%)
Positive 65 (40) 53 (33) 0.002
Negative 12 (7) 31 (19)
PR status (%)
Positive 55 (34) 51 (32) 0.150
Negative 22 (14) 33 (20)
HER2 status (%)
Positive 22 (14) 24 (15) 0.990
Negative 55 (34) 60 (37)
Ki-67 LIt (%) 236+ 1.8 211+ 21 0.380

1Data are presented as the mean = SEM. All other values represent
the number of cases and percentage. ER, estrogen receptor;

LI, labeling index; PR, progesterone receptor. P-values <0.05 were
considered significant, indicated in bold.

results of the migration assay. The number of migrated cells was
significantly lower in both MCF-7 cells (P < 0.001 and 0.11-
fold in sil, and P < 0.001 and 0.43-fold in si2) and SK-BR-3
cells (P <0.001 and 0.36-fold in sil, and P <0.001 and
0.31-fold in si2) transfected with NUCB2 siRNA than in those
transfected with control siRNA at 1 day (MCF-7) or 2 days
(SK-BR-3) after the transfection. Moreover, the number of
invaded cells was also significantly lower in the cells transfected
with NUCB2 siRNA (MCF-7, P < 0.05 and 0.21-fold in sil and
P < 0.05 and 0.29-fold in si2; SK-BR-3, P < 0.01 and 0.66-fold
in sil and P < 0.001 and 0.47-fold in si2) (Fig. 4C,D).

Discussion

Gene expression profiling is an 1mpo1 tant method to p1ed1ct the
likelihood of recurrence of disease in breast cancer patients,*¥
in addition to conventional clinical and histopathological exami-
nation. A multigene classifier associated with recurrence has
been progosed for breast carcinoma patients by several research
groups, ? and molecular-based dlaonostlc systems have been
developed, such as MammaPrint®? and Oncotype DX,

well as the genomic grade index.® However, the selected
genes vary markedly between these diagnostic systems, which
may be partly due to the fact that they use different platforms
for the analysis of gene expression. In addition, the biological

140

functions have remained largely unknown in a great majority of
these genes. In our present study, the results of microarray anal-
ysis revealed 17 genes that are potentially associated with recur-
rence in ER-positive breast carcinoma patients (group A in
Fig. 1A). Among these, IGFBP5 (insulin-like growth factor-
binding protein 5) was reported to play an important role in
breast carcinoma metastasis,**® and is included in Mamma-
Print. In addition, TGFA (transforming glowth factor o), a mem-
ber of the epidermal growth factor family, is well-known to be
involved in cellular proliferation and carcinogenesis.*” The
kinetochore-bound protein kinase BUBI (budding uninhibited
by benzimidazoles 1) is a possible link to tumorigenesis.”
NUCB?2 showed the highest expression ratio in this study, but
this gene has not been listed in any multigene classifiers predict-
ing breast carcinoma recurrence, nor has it been examined in
breast carcinoma, to the best of our knowledge.

In this study, we first showed that NUCB2 immunoreactivity
was detected in 48% of breast carcinoma cases, although levels
were almost negligible in m01ph0100ic1]1y normal mammary
glands. NUCB?2 is known to mainly express in key hypothalamic
nuclei with proven roles in energy homeostasis.®> Moreover,
recent investigations have indicated that NUCB2 is also
expressed in various human peripheral tissues, including the
stomach, pancreas, reproductive organs, and adipose tissues,
with relevant metabolic functions, suggesting that NUCB2 sig-
naling might participate in adaptative responses and in the con-
trol of body functions gated by the state of energy reserves. @9
However, NUCB2 expression in calcmoma has only been exam-
ined in the stomach; Kalnina et al.% 1eported that NUCB2
immunoreactivity was not detected in carcinoma cells in 15 gas-
tric carcinoma cases examined. The relatively wide distribution
of NUCB2 immunoreactivity in our present study suggests that
NUCB?2 plays an important role in human breast carcinoma.

Bourdeau et al."® evaluated genome-wide identification of
EREs in humans, and identified a functional ERE element at
8257 bp from the most upstream mRNA 5’-end of the NUCB2
gene. In our present study, NUCB2 immunohistochemical status
was positively associated with ER status in breast carcinoma
tissue, and NUCB2 mRNA was significantly upregulated by
estradiol in MCF-7 cells throngh ER. Therefore, NUCB2 is con-
sidered one of the estrogen-induced genes in breast carcinoma
cells. Results of our present study also indicated the presence of
NUCB?2 in 12 of 43 (28%) ER-negative breast carcinoma cases;
it might be the case that NUCB2 was induced by a low or unde-
tectable level of ER in these cases. However, it is also true that
estrogen-mediated induction of NUCB2 mRNA was relatively
slow in MCF-7 cells in our time-course study (Fig. 1C), suggest-
ing that NUCB2 expression is, at least in a part, induced by sec-
ondary responses, although the half-life of mRNA is an
important factor in determining how long it takes to detect a
change in the mRNA level of a specific gene. In addition,
NUCB?2 is expressed in various human tissues not necessanly
considered targets for estrogens, as described above.®® There-
fore, other factors than estrogens might be involved in the
expression of NUCB2 in breast carcinoma cells. No information
is currently available regarding the regulation mechanisms of
NUCB?2 expression to the best of our knowledge, and further
research is required.

Previous studies have shown that ICI 182780 possesses a
greater ability to suppress estrogen-sensitive gene expression
and greater antitumor activity than tamoxifen in breast carci-
noma.®® This is partly due to the fact that ICI 182780 does not
have agonistic ER activity and reduces steady -state levels of ER
by increasing the turnover of the protem wheleas tamoxifen
does possess partial agonistic ER actlvxty ) In our study, ICI
182780 was superior to tamoxifen in suppressing estradiol-med-
iated induction of NUCB2 mRNA in MCF-7 cells (Fig. 1B),
which is consistent with previous studies.

doi: 10.1111/).1349-7006.2011.02119.x
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Fig. 3. Disease-free and breast cancer-specific survival of 141 breast carcinoma patients according to nucleobindin 2 (NUCB2) status. (A,B)
NUCB2 status was significantly associated with an increased risk of recurrence (P = 0.003) (A) and worse prognosis (P = 0.0002) (B). Solid line,
positive for NUCB2 (n = 66); dashed line, negative for NUCB2 (n = 75). (C) Disease-free survival curve according to NUCB2/Ki-67 status. Solid line,
positive for NUCB2/Ki-67 labeling index (LI) = 10% (n = 54); dashed line, positive for NUCB2/Ki-67 LI < 10% (n = 12); dotted line, negative for
NUCB2/Ki-67 LI =2 10% (n = 50); dot-dashed line, negative for NUCB2/Ki-67 LI < 10% (n = 25). (D) Disease-free survival curve according to NUCB2
immunointensity. Solid line, strongly positive (n = 16); dashed line, modestly positive (n = 50); dot-dashed line, negative (n = 75). (E) NUCB2
status was associated with recurrence in 40 patients who received tamoxifen therapy. P-value not available as there were no patients with
recurrent disease in the NUCB2-negative group. Solid line, positive for NUCB2 (n = 16); dashed line, negative for NUCB2 (n = 24). (F) NUCB2
status was significantly (P = 0.001) associated with recurrence in a group with estrogen receptor labeling index < 1% (n = 24). Solid line, positive

for NUCB2 (n = 7); dashed line, negative for NUCB2 (n = 17).

In our present study, NUCB2 immunoreactivity was positively
associated with the presence of lymph node metastasis in breast
carcinoma tissue both in ER-positive and ER-negative cases. In
addition, subsequent in vitro studies indicated that both MCF-7
and SK-BR-3 cells transfected with siRNA NUCB?2 significantly
decreased cell proliferation, and migration and invasion proper-
ties. Metastasis is considered as the major cause of treatment
failure and death of carcinoma patients. It is a multistep process
that involves migration and invasion of carcinoma cells, lymph-
ogenous and/or hematogenous spread, and cell proliferation in
the metastatic sites. Previous studies have shown that NUCB2
has a wide variety of basic cellular functions, including an
involvement in the energy homeostasis,? Ca** homeostasis,®
and extracellular tumor necrosis factor receptor type 1
release,'? although the biological functions have not yet been
fully clarified. Results of our present study suggest that NUCB2
plays a pivotal role, especially in the metastasis of breast carci-
nomas, and serve as a starting point for clarification of the bio-
logical roles of NUCB2 in breast carcinoma. However, we could
not necessarily detect a significant association between NUCB2
status and mitotic score, Ki-67 LI, or invasion status in the clini-
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cal samples. Therefore, other factors might also play important
roles in the processes of proliferation and invasion in breast
carcinoma tissues.

In our present study, NUCB2 status was also significantly asso-
ciated with recurrence and worse prognosis in breast carcinoma
patients, and a similar tendency was also detected in ER-positive
patients who received tamoxifen therapy, or in ER-negative
cases. In addition, results of multivariate analyses showed that
NUCB?2 status was indeed an independent prognostic factor for
both recurrence and breast cancer-specific survival. Results of
our in vitro study indicated that tamoxifen inhibited estradiol-
mediated induction of NUCB2 expression in MCF-7 cells, but the
basal expression level of NUCB2 mRNA still remained. Consid-
ering that the NUCB2 expression level was the highest among the
genes predominantly expressed in the recurrence group despite
tamoxifen therapy (group A in Fig. 1A), NUCB?2 status in breast
carcinoma tissues at the time of surgery might reflect the basal
level of NUCB2 as well as the level induced by estrogens in
breast carcinoma cases. Therefore, residual carcinoma cells fol-
lowing surgical treatment in NUCB2-positive breast carcinomas
could still have the potential to rapidly grow and/or metastasize,
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Table 2. Univariate and multivariate analyses of disease-free survival and breast cancer-specific survival in patients with stage I-lll breast
cancer (n = 141)

Univariate Multivariate
Variable B
P-value P-value Relative risk (95% Ci)
Disease-free survival
Lymph node metastasis (positive/negative) <0.0001 0.0100 3.1 (1.3-7.6)
ER status (negative/positive) 0.0020 0.0020 4.8 (1.8-13.0)
NUCB2 status (positive/negative) 0.0100 0.0010 4.6 (1.8-11.4)
HER2 status (positive/negative) 0.0100 0.6600 ND
Tumor size (=2.0 cm/<2.0 cm) 0.0200 0.1300 ND
Histological grade (3/1, 2) 0.0900 ND ND
Ki-67 LI (210%/<10%) 0.3500 ND ND
Menopausal status (pre/post) 0.6400 ND ND
Breast cancer-specific survival
Lymph node metastasis (positive/negative) 0.0004 0.2200 ND
NUCB2 status (positive/negative) 0.0020 0.0004 12.0 (3.0-47.7)
ER status (negative/positive) 0.0030 0.0100 5.6 (1.5-20.7)
Histological grade (3/1,2) 0.0100 0.2800 ND
HER2 status (positive/negative) 0.0100 0.6000 ND
Tumor size (2.0 cm/<2.0 cm) 0.0200 0.0700 ND
Ki-67 LI (=10%/<10%) 0.1000 ND ND
Menopausal status (post/pre) 0.7800 ND ND

Data considered significant (P < 0.05) in the univariate analyses are shown in bold, and were examined in the multivariate analyses.
Cl, confidence interval; ER, estrogen receptor; LI, labeling index; ND, not done; NUCB2, nucleobindin 2; PR, progesterone receptor.
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Fig. 4. Effects of nucleobindin 2 (NUCB2) on proliferation (A), and migration (B) and invasion (C,D) properties in breast carcinoma cells. (A~C) MCF-7
(gray bar) and SK-BR-3 (open bar) were transfected with NUCB2-specific siRNA (si1, si2) or control siRNA (siC). The relative cell proliferation was
evaluated as a ratio (%) compared to that at 0 day after treatment (A). Migration ability was evaluated as an average number of cells in five middle
power fields (MPF) (x200) on the lower surface of the membrane (B). Invasion ability was evaluated as the total number of cells (C). Data are
presented as the mean =SD (n=6 [Al; n=3 [B,C]). *P<0.05 **P<0.01; ***P < 0.001 versus control cells (left bar). (D) Representative
microphotographs of results of invasion assay. Invaded carcinoma cells (arrows) were observed with 8 um-sized pore. Nucleii stained with
hematoxylin. When MCF-7 (upper panel) and SK-BR-3 (lower panel) cells were transfected with NUCB2-specific siRNA (si2) (right panel), the number
of invading cells was decreased compared to the corresponding control (transfection with control siRNA [siC], left panel). Bar = 100 pm.

despite the fact that tamoxifen therapy partially suppresses the In summary, NUCB2 was newly identified as a gene associated
NUCB2 expression level, thereby resulting in an increased  with recurrence in breast carcinoma patients by microarray
recurrence and poor prognosis in these patients. analysis, and a subsequent in virro study indicated that NUCB2
142 doi: 10.1111/].1349-7006.2011.02119.x
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expression was upregulated by estrogen in MCF-7 cells. NUCB2
immunoreactivity was detected in 48% of breast carcinoma
tissues, and was an independent prognostic factor of the patients.
Results of further in vitro studies showed that NUCB2 signifi-
cantly increased the proliferation activity, and migration and
invasion properties both in MCF-7 and SK-BR-3 cells. These
findings suggest that NUCB2 plays an important role, especially

in the metastasis of breast carcinoma, and NUCB2 status in
primary breast carcinoma is reasonably considered a potent
prognostic factor.
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Endometrlal serous adenocarcmoma (ESC) is aggresswe and cames a poor prognosrs p53 is frequently mutated in ESC

microRNAs (miRNAs) are a drrect p53 target and have been |mpl|cated in cancer cell behavror In thls study, we compared

) mlRNA expression levels in ESC with the levels i rn endometnal endometnord adenocarcmoma (EEC) and normal endometna o
. Six erNAs were rdentrf' ed as havmg aberrant down regulatron speaf‘ cto ESC W|th miR-34b bemg most pronounced mlR-34b‘:
~.was found to have promoter hypermethylatron, whrch when reversed, restored mlR~34b expression in the cell lmes treated
,_,wrth 5- -aza- -2/ deoxycytrdme (DAC). Ectoprc expressron of miR-34b in turn mhrbrted cell growth; mrgrahon and most notably
mvasron Our f"ndmgs suggest a relatlonshrp among p53 mutatron, mlR-34b promoter methylatlon and tumor cell behavror
~These effects are likely mediated by | the downstream target of er 34b; the proto- oncogene mesenchymal-eplthehal transrtron

: factor (MET), a known prognostic factor in endometrlal carcinomas. The expresswn of MET was reduced followmg the .o "
: restoratron of mlR-34b in cell lines, ln summary, our data suggest that m|R-34b plays a role in the molecular pathogenesrs of

‘ endometrral cancer

Introduction

Endometrial serous adenocarcinoma (ESC) accounts for 10%
of all endometrial carcinomas. In contrast to the more com-
mon Type I endometrial carcinomas, this tumor often
presents at an advanced stage with deep myometrial invasion
and a high incidence of lymph node involvement. The
average age of onset is older than for Type I endometrial
carcinoma.’ The recurrence rate for ESC is high and the
5-year survival rate ranges from 15 to 51%.” The prognosis
of ESC is, at best, equivalent to that of Grade III endometrial
endometrioid adenocarcinoma (EEC) confined to the uterus.®
The most prominent genetic alteration in ESC, demonstrated
in 90% of tumors, is p53 mutation,* which frequently mani-
fests as an accumulation of defective p53 protein.>® Although
p53 mutation is a common genetic alteration in a variety
of tumor types, its role in tumorigenesis, particularly in
gynecologic cancers, has not been completely elucidated.
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Furthermore, conflict exists regarding the utilization of p53
alterations as a prognostic factor. It is plausible that cell con-
text-specific differences in pathways downstream of p53 may
also play a role.

Direct targets of p53 include DNA sequences coding for
microRNAs (miRNAs). miRNAs are single-stranded, noncod-
ing RNAs of 18-24 nucleotides which have recently been
shown to regulate protein expression. miRNAs bind to specific
mRNAs, thereby blocking translation and increasing degrada-
tion.” Several of these mRNA targets code for proteins with
oncogene and tumor suppressor functions;®® therefore, by
affecting the translation of these genes, miRNAs may play a
key role in cellular transformation'®** and tumor metastasis. 2

Members of the miR-34 family (miR-34a, miR-34b and miR-
34c) are direct miRNA targets of p53 and represent potential tu-
mor suppressors.”>™'® Expression of these miRNAs appears to
be epigenetically regulated. DNA methylation of miR-34b/c has
been found in colorectal cancer as well as in melanoma, in
which methylation of CpG islands correlates with decreased
expression and increased metastatic potential.'>*® This effect
may be mediated by the MET proto-oncogene, which has been
identified as a putative target gene of miR-34a.'*

MET encodes the hepatocyte growth factor receptor, a
tyrosine kinase that is associated with invasive ability, cell
growth, angiogenesis and scattering® Numerous studies have
shown that invasive growth is attenuated by the inhibition of
MET expression, indicating a close relationship between
MET and invasive properties”>*® It is unclear, however, if
MET plays a role in ESC.




To investigate whether a relationship existed between
miRNA and tumor behavior, we obtained miRNA profiles of
endometrial carcinomas using an miRNA microarray. We
then sought to identify specific miRNAs, and target mRNAs
associated with invasiveness and p53 mutation in ESC.
Finally, we investigated how these miRNAs affected the func-
tion of endometrial cancer cells.

Material and Methods

Cell lines

Four human endometrial cancer cell lines (Ishikawa, RL95-2,
SPAC-1-L and USPC-1) were examined in this study. Ishi-
kawa cells were provided by Dr. Nishida from the Depart-
ment of Obstetrics and Gynecology, Institute of Clinical
Medicine, University of Tsukuba (Ibaraki, Japan). RL95-2
cells were obtained from the American Type Culture Collec-
tion (Rockville, MD). Established human endometrial serous
carcinoma cell lines were provided by the laboratory of
Dr. Hirai (SPAC-1-L), Department of Gynecology, Cancer
Institute Hospital (Tokyo, Japan)* and Dr. Santin (USPC-1),
Department of Obstetrics and Gynecology, Division of Gyne-
cologic Oncology at the Yale University School of Medicine
(New Haven, CT).*® All cell lines were cultured in the appro-
priate medium and passed at confluence on 10 cm? dishes
(Becton Dickinson and Co., Lincoln Park, NJ). The dishes
were cultured in a 37°C incubator supplied with humidified
5% CO, and 95% air. The medium was changed twice a
week.

Cells were incubated in growth medium with or without
the DNA demethylating agent, 1 pM 5-aza-2' deoxycytidine
(DAG; Sigma-Aldrich, St. Louis, MO), for 72 hr, replacing
the drug and medium every 24 hr. For histone deacetylase
inhibition, 0.5 puM trichostatin A (TSA; Sigma-Aldrich) was
added for the final 16 hr.

Tissue samples

After obtaining informed consent, 21 serous adenocarcinoma
tissues, 20 endometrioid adenocarcinoma tissues, and 7 nor-
mal endometrial tissues (four proliferative phases and three
secretory phases) were retrieved from the surgical pathology
files at Tohoku University Hospital (Sendai, Japan). The
research protocol was approved by the Ethics Committee at
Tohoku University Graduate School of Medicine (Sendai,
Japan). All surgical specimens were collected between January
2001 and December 2006 at Tohoku University Hospital
(Sendai, Japan). Only patients diagnosed with a pure adeno-
carcinoma without other histological elements were included.
The clinical data and patient characteristics are shown in
Supporting Information, Table S1. We also obtained control
normal endometrial tissue samples from hysterectomy speci-
mens obtained from patients who underwent surgery for
benign conditions. No patients had received preoperative
radiotherapy or chemotherapy. The lesions were classified
using World Health Organization criteria and were staged
according to the International Federation of Gynecology and
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Obstetrics system.*®*” The specimens were processed in 10%
formalin, fixed for 24-48 hr, paraffin embedded, and thin-
sectioned (3 pm). Frozen archival specimens were embedded
immediately upon collection in optimal cutting temperature
(OCT) compound (Sakura Finetechnical, Tokyo, Japan) and
stored at —80°C for further use. Only sections containing a
minimum of 90% carcinoma by examination with hematoxy-
lin—eosin staining were used for total RNA and DNA prepa-
ration. Total RNA, including miRNA, was extracted using
QIAzol Lysis reagent (Qiagen, Valencia, CA) and the miR-
Neasy Mini Kit (Qiagen) according to the manufacturer’s
instructions. Genomic DNA was extracted using a QIAamp
DNA Mini Kit (Qiagen).

Immunchistochemistry

Immunohistochemical analysis was performed with the strep-
tavidin-biotin amplification method using a Histofine kit
(Nichirei, Tokyo, Japan). A monoclonal antibody for p53
(B20.1) and a polyclonal antibody for MET (SP260) were
purchased from Biomeda (Foster City, CA) and Santa Cruz
Biotechnology, respectively. For immunostaining, the slides
were heated in an autoclave at 121°C for 15 min for p53,
and in a microwave for 20 min for MET in 0.01 M citric
acid buffer following deparaffinization for antigen retrieval.
The dilutions of primary antibodies for p53 and MET were
1:50 and 1:100, respectively. The antigen-antibody complex
was visualized with 3,3'-diaminobenzidine solution and coun-
terstained with hematoxylin. Tissue sections of colon cancer
and breast cancer were used as positive controls for p53 and
MET, respectively. For p53 expression, tumor cells were con-
sidered positive when more than 10% of the tumor cells
showed nuclear staining. For MET expression, the distribu-
tion and intensity were scored according to methods which
have been described previously.”® The percentage of positive
cells was classified as 0 (none), 1 (<1%), 2 (2-10%), 3 (11-
33%), 4 (34-66%) and 5 (>67%). The immunointensity was
classified as 0 (negative), 1 (very weak), 2 (weak), 3 (moder-
ate), 4 (strong) and 5 (very strong). The total score of cell
was obtained by adding the immunostaining score and the
immunointensity score (range, 0-10). Scores from 2 to 10
were regarded as positive, whereas scores from 0 to 1 were
regarded as negative. The immunohistochemical expression
was independently reviewed by two of the authors (E. H.
and J. A).

miRNA microarray analysis

RNA purity and concentration were confirmed using the Agi-
lent 2100 Bioanalyzer (Agilent Technologies, Santa Clara,
CA). miRNA microarrays were manufactured by Agilent
Technologies and contained 20-40 features targeting each of
470 human miRNAs. Labeling and hybridization of total
RNA samples (100 ng) were performed according to the
manufacturer’s protocol. The arrays were scanned with an
Agilent microarray scanner (Agilent Technologies) using high
dynamic range settings as specified by the manufacturer.
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