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ABSTRACT

A tumor-suppressor gene, let-7 microRNA (miRNA) family, is often inactivated in various human malig-
nancies. LIN28 is a RNA-binding protein that has been well characterized for regulation of let-7 maturation
in undifferentiated embryonic stem cells at post-transcriptional level. Oncogenic regulation of let-7 miR-
NAs has been demonstrated in several human malignancies but their correlation with LIN28 has not
been studied in breast cancer. We therefore explored a possible mechanism of tumorigenesis in breast
carcinoma tissue via an alternation of let-7 miRNA precursor processing by LIN28 in this study. A total
of 26 breast cancer surgical pathology specimens were evaluated for LIN28 and LIN28B expression using
immunohistochemistry. We then isolated carcinoma cells in 21 cases using laser capture microdissection,
and the miRNAs from these samples were profiled using PCR array analysis. LIN28 status was positively
correlated with ERc, PR, and Ki-67 status and inversely correlated with HER2 status. These results sug-
gest the possible involvement of LIN28 in regulation of sex steroid dependent cell proliferation of breast
carcinoma cells. We further demonstrated that expression of let-7a, let-7c, let-7d (P=0.026) and let-7f
(P=0.016) were inversely correlated with those of LIN28. These results also suggest that LIN28 promotes

tumorigenic activity by suppressing let-7 miRNA maturation in breast carcinoma cells.
This article is part of a Special Issue entitled ‘Steroids and cancer’.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

MicroRNAs (miRNAs) are a class of small non-coding RNAs, 22
nucleotides long on the average, and bind to their complementary
sequences on target downstream messenger RNAs (mRNAs) serv-
ing as post-transcriptional regulators [1]. Recent reports clearly
indicate that miRNAs are involved in multiple regulatory roles
and frequently repressed in various human malignancies [2,3]. The
lethal-7 (let-7) gene is one of the highly conserved miRNAs, which
consists of ten mature let-7 family sequences in humans [1]. The let-
7 miRNAs have been demonstrated to regulate multiple oncogenes
such as HMGA2, c-Myc, RAS, and cyclinD1 [3-6]. This regulation
is demonstrated by recent results of in vitro experiments in lung
cancer demonstrated that let-7 negatively regulated RAS, and sub-
sequently resulted in suppression of lung carcinoma cell growth
[5,7].

Abbreviations: miRNA, microRNA; ER, estrogen receptor; PR, progestine recep-
tor; HER2, human epidermal growth factor 2; LCM, laser capture microdissection.
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LIN28 is a RNA-binding protein which inhibits premature let-
7 precursor processing. LIN28 and its homolog, LIN28B have been
known to regulate all let-7 family members through maturation
process and cellular differentiation [8]. As an example, LIN28 was
reported to act as trans-acting regulators which bind let-7 pre-
miRNA to block its maturation in embryonic stem cells [9]. This
particular function of let-7 was used in the process of establish-
ing induced pluripotent stem (iPS) cells from human fibroblasts in
order to enhance the efficiency of cellular formation by the group
of Thompson [10]. In particular, Balzer et al. [11] identified signifi-
cant interactions between LIN28 and three pre-let-7 miRNAs; let-7
a, g, and f by in vitro experiment. A number of studies have also
portrayed an association between LIN28 and let-7, with particu-
lar emphasis upon their involvement in cellular processes such as
differentiation and proliferation [12,13]. In particular, the status of
LIN28/LIN28B expression was reported to play important roles in
biological/clinical behavior of human lung and ovarian malignan-
cies in recent studies [14,15].

The majority of breast cancer is estrogen-dependant. Reduced
expression of let-7 family was reported in human breast cancer
tissues [16]. However, a correlation between let-7 and LIN28 in
breast carcinoma cells or tissues has not been confirmed. There-
fore, we examined the expression of LIN28 and LIN28B in breast
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cancer patients and evaluated their correlation with the post-
transcriptional regulation by let-7 using miRNA PCR array in order
tounderstand their clinicopathological significance in breast cancer
patients.

2. Materials and methods
2.1. Patients and tissues

A total of 26 primary breast cancer specimens obtained from
Japanese female patients who underwent surgical treatment from
2004 to 2010 in Tohoku Kosai Hospital (Sendai, Japan) were avail-
able for examination in this study. The age of the subjects ranged
from 31 to 86 years (median: 57 years), and 21 cases (41-86 years:
median 58.6 years) were selected for PCR array analysis among
these 26 cases. Tissues were fixed with 10% formalin for 24-48 h at
room temperature and were embedded in paraffin. Research pro-
tocol for this study was approved by the ethics committee of both
Tohoku University, Graduate School of Medicine (2010-572) and
Tohoku Kosai Hospital (H17.8.5).

2.2. Immunohistochemistry of LIN28/LIN28B

Immunohistochemical staining was performed using a biotin-
streptavidin method with Histofine kit (Nichirei Co. Ltd., Tokyo,
Japan). The slides were deparaffinized in xylene, followed by hydra-
tion through a series of alcohol. Hydrogen peroxidase was used to
block intrinsic peroxidase activity. Following the application of pri-
mary antibodies, the reacted sections were incubated at 4°C for
24h. The primary antibodies, LIN28 (55CT58.12.1: mouse mon-
oclonal antibody), and LIN28B (rabbit polyclonal antibody) were
commercially obtained from Abcam Ltd. (Cambridge, UK). Human
testis tissue was used as a positive control of immunostaining [17].

The following primary antibodies were used for other immuno-
histochemical analysis: monoclonal antibodies for estrogen
receptor o (ER; ER1D5; Immunotech, Marseille, France), proges-
terone receptor (PR; MAB429; Chemicon International Inc., CA, US),
and Ki-67 (MIB-1; DakoCytomation Co. Ltd., Kyoto, Japan), and rab-
bit polyclonal antibody for HER2/neu (A0485; DakoCytomation).

2.3. Evaluation of LIN28/LIN28B immunoreactivity

The relative immunointensity of both LIN28 and LIN28B in the
cytoplasm of carcinoma cells was independently evaluated by two
of the authors (M.S. and Y.M.) as follows: negative (0) when their
relative immunointensity was lower than the positive control, and
positive (1) when their relative immunointensity was equal or more
intense than the positive control of immunostain. The immunos-
tained slides were separated into four different areas; top right,
top left, bottom right, and bottom left. For evaluation, we have
modified a method introduced in a report by Hata et al. [18]. The
average immunointensity obtained in these four different areas of
the specimens was determined as the relative immunointensity of
the cases.

Immunoreactivity of ERa, ERB, PR, and Ki-67 was detected in
the nuclei, and counted in more than 1000 breast carcinoma cells.
Labeling index (LI in %) was used to estimate a proportion or ratio
of immunoreactivity. The cases with less than 10% were considered
as ERa-, ERB-, PR-, and Ki-67 negative as previously reported [19].
An evaluation of HER2 was employed in accordance with Hercep
Test (DAKO) grading system. HER2 immunoreactivity was classi-
fied as positive when membrane was stained either moderately or
strongly (equivalent to score 2 and 3 respectively, based on Hercep
Test, DAKO) in more than 10% of carcinoma cells.
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2.4. miRNA PCR array

Human Cancer RT? Profiler PCR Array system (QIAGEN,
Mannheim, Germany) was used as demonstrated in previous
reports in order to measure expression of let-7 family in a quanti-
tative fashion in isolated breast carcinoma cells [20]. Laser capture
microdissection was carried out to isolate carcinoma cells from
8 um formalin fixed and paraffin embedded tissue sections (FFPE)
using MMI CellCut (Molecular Machines and Industries, Flughof-
strasse, Glattbrug, Switzerland). Approximately 5000 carcinoma
cells were obtained from individual tissue sections. These isolated
carcinoma cells were deparaffinized at 60°C for 3 h. Extraction
of miRNA was performed as instructed by Pure Link miRNA Iso-
lation Kit (Invitrogen, Carlsbad, CA), followed by cDNA synthesis
using RT2 miRNA First Strand Kit (QIAGEN). qRT-PCR was employed
with ABI7500 real-time PCR system (Applied Biosystems, Forster
city, CA, USA) to determine expression levels of let-7 miRNAs
using RT? profiler PCR Array Data Analysis for statistical analysis
(http://pcrdataanalysis.sabiosciences.com/pcr/arrayanalysis.php).

2.5. Statistical analysis

Stat View 5.0] Software (SAS Institute Inc., NC, USA) was used
for analytical findings of clinicopathological features in the cases
examined. The values for patient’s age, ERa LI ERB LI, and PR LI were
represented as the mean + SD. For hierarchical clustering analysis,
LIN28 expression of each sample was categorized based upon its
immunoreactivity, compared with results of microarray analysis of
let-7 family. The tree structures were formulated using TreeView
programs (Stanford University, Palo Alto, CA; Ref. [24]) according
to the degree of similarity. We compared the results of PCR array
with those of immunohistochemistry using Bonferroni/Dunn and
Mann-Whitney U test. The significance of each value was deter-
mined when P value was less than 0.05. The statistical differences
between LNI28/LIN28B and clinicopathological parameters were
determined using Chi-square analysis; 95% confidence interval cal-
culated for confirmation of statistical significance.

3. Results
3.1. Localization of LIN28 and LIN28B in breast carcinoma tissues

We first evaluated an association between LIN28/LIN28B and
clinicopathological features of individual cases. LIN28 and LIN28B
immunoreactivity was detected in human testicular spermatocyte
(data not present) as previously reported [17]. LIN28 and LIN28B
immunoreactivity was predominantly detected in cytoplasm of
breast carcinoma cells as illustrated in Fig. 1. Among 26 cases exam-
ined, the presence of LIN28 and LIN28B was detected in carcinoma
cells of 16 cases and in epithelial cells of adjacent non-neoplastic
mammary glands of all the cases examined, although the relative
immunointensity of these non-neoplastic cells above was markedly
weak compared to that of carcinoma cells.

3.2. LIN28 and LIN28B in breast cancer tissues

An association between LIN28 and clinicopathological parame-
ters was summarized in Table 1. There was a significantly positive
correlation between the LIN28 and ERa expression (P=0.007 for
LI, P=0.002), PR (P=0.034) and Ki-67 (P=0.049), whereas the sta-
tus of HER2 was inversely associated with LIN28 status (P=0.036)
of the cases examined. No significant correlation was detected
between ERP and LIN28. In addition, LIN28 and LIN28B (P=0.009)
were positively correlated in all the cases evaluated. An association
between LIN28B and clinicopathological features was summarized
in Table 2. There was a significantly positive association between




Fig. 1. Immnunolocalization of LIN28 and LIN28B in breast carcinoma tissues. A total of 26 specimens were classified according to the degree of relative immunointensity;
negative (<control) and positive (2 control) groups. Immunoreactivity of both LIN28 and LIN28B was detected predominantly in the cytoplasm of breast carcinoma cells.
Testis was used as positive control. S, stromal cells; T, carcinoma cells, 100x.

Table 1
Clinicopathological characteristics of LIN28 in breast carcinoma cells.
Clinicopathological LIN28 P-value
parameters
Negative (n=10) Positive (n=16)
Age L1 (%) 54.4045.41 59.31:+2.57 0.367
ERa

+ 2(7.69%) 13(50.00%)

- 8(30.77%) 3(11.54%) 0.002
ERa LI (%) 20.00+£12.27 61.19+£7.91 0.006
ERB

+ 6(23.08%) 6(23.08%)

- 4(15.38%) 10(38.46%) 0.262
ERB LI (%) 2230+6.52 14943414 0.325
PR

+ 2(7.69%) 10(38.46%)

- 8(30.77%) 6(23.08%) 0.034
PRLI(%) 17.30+11.16 25.75+6.59 0.491
Ki67

+ 10(38.46%) 11(42.31%)

- 0 5(19.23%) 0.049
HER2

+ 5(50.00%) 2(12.50%)

- 5(50.00%) 14(87.50%) 0.036
LIN28B

+ 3(11.54%) 13(50.00%)

— 7(26.92%) 13(11.54%) 0.009

LI (%), labeling index in %; P< 0.05 is indicated in bold.

LIN28B and Ki-67 status (P=0.049), but no other significant associ-

ations were detected.

3.3. Expression of let-7 family and its correlation with LIN28 and

LIN28B

Histopathological examination revealed an important inter-
action between the status of LIN28 and hormone receptors in
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breast carcinoma cells as described above. We therefore focused
upon the effects of LIN28 towards let-7 miRNA family in human
breast carcinoma cells. Hierarchical clustering analysis of PCR array
demonstrated that the status of let-7 miRNA expression tended to
be correlated with that of LIN28 immunoreactivity in human breast
carcinoma cells (Fig. 2A). LIN28 positive group tended to be associ-
ated with reduced expression of let-7, whereas cases with negative
LIN28 status tended to be associated with increased expression of
the great majority of let-7 miRNAs. Fig. 2B-I represented miRNA
concentration according to LIN28 expression of the cases. Of

Table 2

Clinicopathological characteristics of LIN28B in breast carcinoma cells.
Clinicopathological LIN28B P-value
parameters

Negative (n=10) Positive (n=16)

Age LI (%) 56.543.57 58.00+3.66 0.785
ERa

+ 5(19.23%) 10(38.46%)

- 5(19.23%) 6(23.08%) 0.530
ERa LI (%) 38.70+12.68 49.50+£9.97 0.509
ERB

+ 4(15.38%) 8(30.77%)

— 6(23.08%) 8(30.77%) 0.619
ERB LI (%) 16.20+545 18.75+£4.81 0.735
PR

+ 5(19.23%) 7(26.92%)

- 5(19.23%) 9(34.61%) 0.756
PR LI (%) 26.20£10.61 20.19+6.98 0.625
Ki67

+ 10(38.46%) 11(42.31%)

- 0 5(19.23%) 0.049
HER2 ‘

+ 4(40.00%) 3(18.75%)

- 6(60.00%) 13(81.25%) 0.235

LI (%), labeling index in %; P< 0.05 is indicated in bold.
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Fig. 2. Expression of let-7 miRNA and LIN28. (A) Hierarchical cluster analysis demonstrating expression of let-7 miRNA family in 21 breast carcinoma cases. The cases were
classified into two groups; LIN28 (—) and LIN28 (+). The black bars represent high expression of let-7 miRNAs, and the grey bars represent low expression of let-7 miRNAs.
Red, high miRNA expression; green, low miRNA expression. (B)-(1) The box plot representing relative mature miRNA expression in y-axis, and LIN28 expression in x-axis.
A horizontal line in the box plot illustrates the median value. The upper and lower bars indicate the 90th and 10th percentiles, respectively. The statistical analysis was
performed using a Mann-Whitney U test. P< 0.05 is indicated in bold. (For interpretation of the references to color in this figure legend, the reader is referred to the web

version of this article.)
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eight let-7 miRNA family members, the level of let-7d (P=0.026,
0.184-fold) and let-7f (P=0.037, 0.341-fold) expression in LIN28
positive group was lower than that in LIN28 negative group of
the patients. No significant associations were, however, detected
between LIN28 immunoreactivity and other let-7 family members
in breast carcinoma cells. There were also no significant correla-
tions between LIN28B immunoreactivity and the expression levels
of let-7 family in breast carcinoma cells (data not present).

4. Discussion

A possible interference of LIN28 towards let-7 maturation pro-
cess has been reported both in developmental stages and various
human malignancies. In breast cancer, let-7 miRNA deregulation
was demonstrated in silico, in vitro, and in vivo, but the biological
roles of LIN28 were not elucidated in these experiments [16,21,22].
In particular, let-7 miRNAs have been demonstrated to silence mul-
tiple oncogenes such as c-Myc, RAS, and HMGA?2 [23-25]. LIN28 is
considered to reactivate these oncogenes, and to induce aggressive
tumorigenesis through an inhibition of let-7 precursor process-
ing [8]. In this study, we firstly demonstrated notable interactions
between LIN28 and hormone receptors in addition to reduction of
let-7 miRNA expression by LIN28 in breast carcinomas. Results of
our present study, especially the significant correlation between
LIN28 and ERa and Ki-67 status, suggest that LIN28 is a poten-
tial regulator of ER expression and induces estrogen dependent
cell proliferation in breast carcinomas. LIN28 cannot be directly
regulated by ER as there is no ERa binding site [26]. However, pre-
vious studies have suggested that let-7 can inhibit ERx expression
[27]. Therefore, ERa may be induced by LIN28 through the down-
regulation of let-7 expression in breast carcinoma cells but it awaits
further investigations for clarification. It has already been shown
in ovarian cancer that high LIN28 status corresponds to increased
Ki-67 expression and poor prognosis [12] as we have observed a
similar pattern in Ki-67 status in this study. Taken together, results
of these findings all indicate that high LIN28 levels in breast can-
cer may result in estrogen activation by suppressing let-7 miRNA
activities in carcinoma cells.

The roles of LIN28 and LIN28B are considered to be homo-
geneous in various tumorigenesis [9], but their details remain
unknown. Results of several studies indicated that LIN28B was
associated with an aggressive biological behavior in several human
malignancies [28,29]. For instance, Viswanathan et al. reported that
an activation of LIN28B may be associated with rare amplifica-
tion or translocation of various oncogenes [30]. When LIN28B was
over-expressed in colon cancer, the rate of cellular proliferation
process in carcinoma cells was elevated, which then often resulted
in metastasis and aggressive tumorigenesis [31]. In ovarian cancer,
higher expression of LIN28B seemed to link with poor prognosis of
the patients possibly via mediation of insulin-like growth factor-II
[12]. To clarify precise roles of both LIN28 and LIN28B in biolog-
ical behavior of breast cancer patients, further investigations are
required including analysis of prognosis and recurrence rate.

In our present study, LIN28 was inversely correlated with only
two members of let-7 family, let-7d and let-7f. It has been shown
that LIN28 inhibits let-7 miRNA biogenesis at a post-transcriptional
level, though in the absence of LIN28 both hnRNP A1 and KSRP can
specifically target let-7a for its down-regulation [32]. This suggests
that LIN28 is not necessarily the only regulatory candidate of let-7
family, and these findings suggest that the regulation of let-7 miRNA
expressions may be intricate in biological behavior of breast cancer
patients.

Estrogens are well-known to play pivotal roles in the
great majority of breast carcinomas but in post-menopausal
females and males, synthesis of estrogen is largely derived from

intratumoral aromatase, an enzyme which converts androgen to
estrogen [33]. Barh et al. studied multiple roles of let-7 family
in various human tumors, and reported that lei-7 may facilitate
inactivation of aromatase by target scan analysis [34]. Therefore,
the statistically significant correlation detected between LIN28
and ER in our data may be postulated in this context. In partic-
ular, an upstream repression of let-7 (especially let-7f) by LIN28
could restore aromatase activity, which then precedes estrogen
biogenesis, and subsequently synthesized estrogens may result in
down-stream ER expression in these breast carcinoma cells.

A number of studies have shown that the inhibition of let-
7 miRNA precursor resulted in promotion of various oncogenic
activity [3-6]. Results of our present study also demonstrated that
the status of LIN28 may influence the prognosis of patients with
estrogen-dependent breast carcinomas. By summing up previous
data and our study, it is possible that LIN28 facilitates down-
regulation of let-7 miRNA in breast malignancy, particularly let-7f
precursor [11]. From this, we can reasonably hypothesize a block-
age of let-7 maturation process by LIN28 at post-transcriptional
level will increase intratumoral estrogen synthesis via aromatase
reactivation in human breast cancer tissues.
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This purpose of this study was to retrospectively stratify the risks
of malignancy according to the mammographic characteristics of
Japanese women. We studied the mammographic findings of 1267
Japanese women. We characterized malignant phenotypes accord-
ing to mass shape, margin and mass density, and by shape and dis-
tribution of calcified foci, and to obtain possible predictors for
malignancies according to age groups. Lobular and irregular mass
shape, no circumscribed margin and higher density turned out to
be more powerful predictors for malignancy than other radiologi-
cal factors (P < 0.001, respectively). The ratio of the cases detected
as a mass in those between 21 and 49 years was lower than that
of other age groups. In addition, the presence of calcifications and
no mammographic abnormalities were the most powerful predic-
tors for malignancies in the young age groups (P < 0.001, respec-
tively). The peak age of breast cancer is between 40 and 49 years
in Japan. In the present study, subtle differences were found in
the mammographic results for young and old women, in contrast
to those of women in the USA and Europe. The results of this
study might enable more accurate prediction of biological behav-
ior of the breast lesions in Japanese women. (Cancer Sci 2012; 103:
472-476)

T he incidence of breast cancer continues to increase world-
wide. Morbidity and death due to breast cancer are lower
in Japan than in the USA and Europe, but their rates have been
markedly increased in this decade.® The effectiveness of
screening mammography in reducing death from breast cancer
has been established in both the USA, Europe and Japan_(3)
Worldwide, millions of mammographic examinations are per-
formed each year, and mammography has become the gold stan-
dard for detecting breast disorders. It is important to continue to
increase the mammographic screening ratio in order to reduce
breast cancer deaths.

The American College of Radiology (ACR) has developed
the Breast Imaging Reporting and Data System (BI-RADS) to
standardize mammographic reporting, to improve communica-
tion with clinicians, to reduce confusion regarding mammo-
graphic findings, to aid research and to facilitate outcomes
monitoring."” The use of BI-RADS lexicon is increasing not
only in the North American continent but also worldwide.”
However, some publications have raised the issue of observer
variability of interpretation of the lexicon, and have even ques-
tioned the expressiveness of the BI-RADS system.(6’7’ Some
published studies propose classifications of features for the
assignment of findings to the various BI-RADS categories.®”

Some published reports suggest possible differences in the
biological characteristics of breast cancer between women in the
USA and Europe and Japanese women.® A striking difference
is that the peak age for breast cancer is between 40 and 50 years
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in Japan, whereas the peak age in the USA and Europe is
between 60 and 70 years.® We have observed that the mammo-
graphic findings for Japanese women do not exactly correspond
to those defined in BI-RADS lexicon. The dense parenchyma in
women before menopause can obscure tumor shadows, which
results in the lower sensitivity of mammography screening in
women 40-49 years of age.®? The purpose of the present study
was to retrospectively stratify the risk of malignancy according
to mammographic characteristics of Japanese women.

Materials and Methods

Patients. This is a retrospective study. We examined mam-
mographical findings of 1267 Japanese women (707 malignant
and 560 benign breast diseases) who underwent needle biopsies
or surgical resection at the Tohoku University Hospital. We
received informed consent from all patients and the protocol for
this study was approved by the Ethics Committee at Tohoku
University Graduate School of Medicine. The median age of the
patients was 52 years (range, 21-89 years). The numbers of
biopsy or surgical resection cases were: 151 for 21-39 years,
393 for 4049 years, 355 for 50-59 years, 215 for 60-69 years
and 153 for 70-89 years. The numbers of malignant cases were:
56 for 20-39 years, 205 for 40-49 years, 175 for 50-59 years,
147 for 60-69 years and 124 for 70-89 years. The criteria for
performing a biopsy were BI-RADS assessment categories of
mammography and ultrasound category 4 or more.

Imaging and evaluation. All mammographic examinations
were performed with dedicated machines. Analog mammo-
graphic examinations were performed with one unit (MAMM-
OMAT 3000 Nova; Siemens AG, FErlangen, Germany) and
using a screen-film technique (Min-R 2000 Min-R EV; Kodak
Health Imaging, Rochester, NY, USA). Digital mammograms
were acquired using a system with an amorphous selenium
DirectRay digital detector (LOARD Selenia; Hologic, Waltham,
MA, USA). The system was connected to a viewing monitor
(MammoRead; TOYO Corporation, Tokyo, Japan).

We first examined the correlation between mammographic
findings and the ratio of malignant cases. Two of the authors
independently evaluated mammographic findings. These two
investigators were blinded to the clinical outcome of the
patients. The presence of mass, calcification and the other find-
ings, including architectural distortion, focal asymmetric density
and asymmetric breast tissue (ABT) were each recorded. As for
mass, shape was tentatively classified as round, oval, lobular or
irregular. Margin was classified as circumscribed, microlobu-
lated, indistinct or spiculated. Density was classified into higher,
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equivalent or lower. Shape of calcification was tentatively clas-
sified as punctuate, amorphous, pleomorphic or linear. Distribu-
tion was classified as diffuse, grouped or segmental. We
classified FAD and ABT into those with or without architectural
distortion. We first examined the correlation between mammo-
graphic findings and the ratio of malignant cases. We then
examined the ratio of malignant cases according to mammo-
graphic findings. We devised classification system for predict-
ing. In addition, we attempted to obtain possible predictors for
malignancies according to age groups: 21-39, 40-49, 50-59,
60—69 and 70-89 years. If there were two or more findings in a
mammography, we determined the priority for mammographic
findings as follows: mass, calcification, other findings including
architectural distortion, FAD and ABT, and no mammeographic
abnormality, and recorded a prior finding as a possible predictor
for malignancy.

Statistical analysis. Statistical analyses were performed using
StatMate IV for Windows (ATMS, Tokyo, Japan). Results were
considered significant at P < 0.05.

Results

Sensitivity, specificity and PPV by age groups. Of the 1040
cases with mammographic findings, 656 were malignant and
384 were benign, whereas 51 of the 227 cases without any mam-
mographic findings were malignant. Sensitivity, specificity and
positive predictive value were 92.8, 31.4 and 63.1%, respec-
tively. In addition, sensitivity, specificity and PPV by age groups
were: 87.5, 40.0 and 46.2% for 21-39 years; 86.8, 35.2 and
51.5% for 40-49 years; 96.1, 29.3 and 66.6% for 50-39 years,
96.6%, 17.6 and 71.7% for 60-69 years; and 93.5, 31.0 and
85.3% for 70-89 years, respectively.

Correlation between mammographic findings and ratio of
malignant cases. The ratio of malignant cases according to the
mass shape were 46.7% (28/60) of round, 45.1% (23/51) of
oval, 83.3% (62/74) of lobular and 94.9% (131/138) of irregu-
lar lesions, respectively (Fig. 1A). There were statistically sig-
nificant differences between round or oval and lobular or
irregular shape (P < 0.001, respectively). The ratio of malignant
cases according to the margin were 19.3% (11/57) of circum-
scribed, 75.5% (74/98) of microlobulated, 87.3% (62/71) of
indistinct and 100% (97/97) of spiculated margin, respectively
(Fig. 1B). There were statistically significant differences
between circumscribed and the other characteristics, and micro-
lobulated and spiculated margin (P < 0.001, respectively). The
ratios of malignant cases according to mass density were 81.7%
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(210/257) of higher, 55.9% (33/59) of equivalent and 14.3%
(1/7) of lower mass density, respectively (Fig. 1C). There were
statistically significant differences between higher and equiva-
lent or lower mass density (P < 0.001). The ratios of malignant
cases according to calcification type were 28.1% (25/89) of
punctuate, 48.3% (129/267) of amorphous, 88.4% (137/155) of
pleomorphic and 100% (20/20) of linear type, respectively
(Fig. 2A). There were statistically significant differences
between punctuate or amorphous and any calcification shapes
(P = 0.001 for between punctuate and amorphous, P < 0.001 for
the other combinations). The ratios of malignant cases according
to distribution of calcification were 16.7% (1/6) of diffuse,
53.1% (146/275) of grouped and 65.6% (164/250) of segmental
(Fig. 2B). There were statistically significant differences
between segmental and diffuse or grouped cases (P = 0.041 and
P = 0.005, respectively).

Classifications for predicting malignancies. We attempted to
devise a classification system predicting malignancies (Table 1).
The masses with spiculated or microlobulated margins, and the
masses with lobular or irregular mass shapes and indistinct mar-
gins turned out to be more powerful predictors of malignancies
than the other radiological factors (P < 0.001). In contrast, the
masses with circumscribed margins and equivalent or lower
mass densities were less powerful predictors of malignancies
(P =0.154).

Mammographic findings of all the «cases by age
groups. Mammographic findings of all cases by age group are
summarized in Figure 3A. The ratios of the cases detected as a
mass were 18.5% for 21-39 years, 16.8% for 40-49 years,
25.4% for 50-59 years, 31.6% for 60-69 years and 46.4% for
70-89 years, respectively. There were statistically significant
differences between 21 and 39 and 60—69 (P = 0.007) or 70-89
years (P <0.001), 4049 and 50-59 years (P = 0.005),
60-69 (P < 0.001) or 70-89 years (P < 0.001), 50-59 and 70-89
years (P < 0.001), and 60-69 and 70-89 years (P = 0.006).
The ratios of calcification were 29.8% for 21-39 years, 41.7%
for 40-49 years, 41.4% for 50-59 years, 39.5% for 60-69 years
and 24.8% for 70-89 years, respectively. There were statisti-
cally significant differences between 20 and 39 and 40-49
(P =0.014) or 50-59 years (P =0.021), 4049 and 70-
89 years (P < 0.001), 50-59 and 70-89 years (P < 0.001), and
60-69 and 70-89 years (P = 0.005). The ratios of the other
findings, including architectural distortion, FAD and ABT were
21.9% for 21-39 years, 16.3% for 4049 years, 19.7% for 50—
59 years, 20.9% for 60-69 years and 17.6% for 70-89 years,
respectively. There were no statistically significant differences
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Fig. 1. Correlation between mammographic findings of masses and malignant ratio: (A) mass shape, (B) margin and (C) mass density.
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Fig. 2. Correlation between mammographic findings of calcifications and malignant ratio: (A) characteristics of calcification and (B)
distribution.
Table 1. Classifications for predicting malignancies
Malignant s e Total No. Ra‘f!o of Odds
ratio (%) Mammographic findings number malignancies malignant P-value ratio
cases (%)
Class | 0-20 Mass Any mass shape-circumscribed-equivalent or lower 25 2 8.0 0.154 0.30
Calcification Punctate-diffuse or grouped 42 7 16.7 0.525 0.69
Class Il 20-40  Mass Round-circumscribed-higher-with calcification 19 5 26.3 0.921  1.23
Oval-circumscribed-higher 12 3 25.0 0.881 1.15
Oval-microlobulated-equivalent 8 3 37.5 0.572 2.07
Calcification Punctate-segmental 28 6 21.4 0.907 0.94
Amorphous-diffuse or grouped 106 30 28.3 0.308 1.36
Class il 40-60  Mass Round-indistinct-higher 4 2 50.0 0.485 3.45
Lobular-microlobulated or indistinct-equivalent 6 3 50.0 0.277 345
Calcification Punctate-grouped-with FAD 9 5 55.6 0.589 4.31
Amorphous-segmental 86 37 43.0 <0.001 2.61
FAD Without distortion 123 50 40.7  <0.001 2.36
Class IV 60-80 Mass Irregular, round or lobular-microlobulated-higher 62 46 742  <0.001 9.92
Calcification Punctate-segmental-with FAD 6 4 66.7 0.420 6.90
Amorphous-grouped or segmental-with FAD 53 41 774  <0.001 11.79
Pleomorphic-grouped 43 33 76.7  <0.001 11.39
ABT Without distortion 5 4 80.0 0.014 13.80
ClassV  80-100 Mass Any mass shape-spiculated-any density 100 100 100.0 <0.001 -
Any mass shape-microlobulated-any density-with calcification 18 17 944  <0.001 58.67
Lobular or irregular-obscured or indistinct-any findings 64 58 90.6  <0.001 33.36
Calcification Pleomorphic-grouped or segmental with FAD 32 29 90.6  <0.001 33.36
Pleomorphic-segmental 58 53 914  <0.001 36.58
Linear-any distribution 16 16 1000  <0.001 -
FAD With distortion 90 77 85.6 <0.001 20.44
ABT With distortion 20 20 100.0 <0.001 -
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Fig. 3. The ratio of mammographic findings by age groups: (A) mammographic findings of all cases by age groups and (B) mammographic
findings of malignant cases by age groups.
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among age groups. The ratios of the cases without mammo-
graphic abnormalities were 29.8% for 21-39 years, 25.4% for
4049 years, 13.8% for 50-59 years, 7.9% for 60-69 years and
11.1% for 70-89 years, respectively. There were statistically
significant differences between 21 and 39 and 50-59
(P < 0.001), 60-69 (P <0.001) or 70-89 years years (P <
0.001), 4049 and 50-59 (P < 0.001), 60-69 (P <0.001) or
70-89 years (P < 0.001), and 50-59 and 60-69 years (P =
0.046).

Mammographic findings of malignant cases by age groups. Mam-
mographic findings of malignant cases by age group are
summarized in Figure 3B. The ratios of the cases detected as a
mass were 23.2% for 21-39 years, 21.7% for 4049 years,
36.1% for 50-59 years, 37.4% for 60-69 years and 51.6% for
70-89 years, respectively. There were statistically significant
differences between 21 and 39 and 70-89 years (P < 0.001),
40-49 and 50-59 (P = 0.003), 60-69 (P =0.003) or 70-89
years (P < 0.001), 50-59 and 70-89 years (P = 0.008), and
60-69 and 70-89 years (P = 0.026). The ratios of calcification
were 39.3% for 21-39 years, 45.1% for 40-49 years, 35.1%
for 50-59 years, 38.8% for 60-69 years and 25.0% for
70-89 years, respectively. The only statistically significant
differences ware between 40 and 49 and 70-89 years
(P < 0.001). The ratios of the other findings including architec-
tural distortion, FAD and ABT were 25.0% for 21-39 years,
19.4% for 4049 years, 24.9% for 50-59 years, 20.4% for
60-69 years and 22.1% for 70-89 years. There were statistically
significant differences between 50 and 59 and 70-89 years
(P = 0.046). The ratios of the cases without mammographic
abnormalities were 12.5% for 21-39 years, 13.1% for 40-

Table 2. Mammographic predictors for malignancy by age groups

49 years, 3.9% for 50-59 years, 3.4% for 60-69 years and 6.5%
for 70-89 years, respectively. There were statistically significant
differences between 21 and 39 and 50-59 (P = 0.034) or
60-69 years (P = 0.034), and 40-49 and 50-59 (P = 0.002) or
60-69 years (P = 0.004).

Mammographic predictors for malignancy by age groups. The
distinctive mammographic predictors for malignancy by age
group are summarized in Table 2. The masses not only spiculat-
ed but also with microlobulated and indistinct margins turned
out to be powerful predictors for malignancies in the groups of
50-59 years and above (Table 2).

Discussion

The BI-RADS lexicon was created and has evolved to help cap-
ture predictive mammographic descriptors in a standardized
manner in the USA and Europe.“!? Various biological features
of breast cancer have been found to be different between women
in the USA and BEurope and Japanese women.®!Y Mammo-
graphic findings of Japanese women do not exactly correspond
to those defined in BI-RADS lexicon for women in the USA and
Europe.

The results of this study demonstrate that lobular and irregular
mass shape, no circumscribed margin and higher density are
more powerful predictors of malignancy than the other findings
with statistical significance. As for calcification, a statistically
significant difference was detected between necrotic and secre-
tary calcification. FAD combined with architectural distortion
represented a high malignant ratio of up to 80%. These results
were similar to those in the BI-RADS lexicon.

i Total No Ratio of
Years Mammographic findings Lo malignant  P-value  Odds ratio
number  malignancies
cases (%)
21-39  Mass Irregular-spiculated: with calcification 4 4 100.0 0.001 -
Calcification ~ Amorphous-segmental-with FAD 4 4 100.0 0.001 -
Pleomorphic-any distribution 11 9 81.8 <0.001 15.53
FAD With distortion 11 8 72.7 <0.001 . 1441
40-49  Mass Lobular-indistinct or spiculated-high 5 5 100.0 0.001 -
Irregular-indistinct-high 10 8 80.0 <0.001 13.8
Irregular-spiculated-any density 13 13 100.0 <0.001 -
Calcification ~ Amorphous-segmental 52 26 50.0 0.001 3.35
Pleomorphic-any distribution 37 35 94.6 <0.001 58.59
Linear-segmental 4 4 100.0 0.004 -
FAD With distortion 23 19 82.6 <0.001 15.9
ABT With distortion 4 4 100.0 0.004 -
50-59  Mass Round-indistinct or microlobulated-equivalent or high 6 6 100.0 <0.001 -
Oval-microlobulated-high 8 6 75.0 0.002 15.35
Lobular-indistinct or microlobulated-high 14 13 92.9 <0.001 44.86
Irregular-indistinct, obscured or spiculated 43 43 100.0 <0.001 -
Calcification =~ Amorphous-grouped-with FAD 8 8 100.0 <0.001 -
Amorphous-segmental 27 14 51.9 0.002 3.72
Pleomorphic-any distribution 43 33 76.7 <0.001 11.39
FAD With or without distortion 63 44 69.8 <0.001 7.99
ABT With distortion 7 7 100.0 <0.001 -
60-69  Mass Round-circumscribed or microlobulated-high 6 6 100.0 0.012 -
Lobular-microlobulated or indistinct-any density 1 10 90.9 <0.001 34.51
Irregular-any periphery-any density 31 31 100.0 <0.001 -
Calcification =~ Amorphous-segmental-with FAD 5 5 100.0 0.025 -
Pleomorphic-any distribution 28 26 92.9 <0.001 31.2
Linear-any distribution 5 5 100.0 0.045 -
FAD With distortion 19 17 89.5 <0.001 204
ABT With or without distortion 4 4 100.0 0.045 -
70-89 Mass Lobular or irregular, any periphery, any density 52 49 94.2 <0.001 56.37
Calcification ~ Pleomorphic, any distribution 14 13 92.9 0.013 16.25
Tamaki et al. Cancer Sci | March 2012 | vol. 103 | no.3 | 475
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However, the striking difference between Japanese and the
USA and Europe breast cancer patients is that the peak age for
breast cancer was between 40 and 50 years in the Japan,
whereas the peak age in the USA and Europe was between 60
and 70 years.® The results of our present study reveals that the
peak age of breast cancer was 40 years. There were subtle dif-
ferences in mammographic findings between young and old
women, which are different from those of women in the USA
and Europe. Previous studies have demonstrated that mass is the
more powerful predictor in women in the USA and Europe.(**1®
However, the results in the present study demonstrate that the
ratio of the cases detected as a mass between 21 and 49 years
was lower than that of the other age groups. In addition, the
masses that were spiculated and had microlobulated and indis-
tinct margins turned out to be powerful predictors for malignan-
cies in those of 50 years and above, whereas only limited
masses were predictors for those under 49 years old. Therefore,
the presence of a mammographic mass is not necessarily the
most powerful predictor for malignancy in Japanese women.

The results of the present study also demonstrated that 7.2%
(51/707) of malignant cases had mammographic abnormalities.
In addition, the ratios of malignant cases in those of 20, 30 and
40 years without mammographic abnormalities were statistically
higher than the ratios of the other age groups. There was dense
parenchyma in women before menopause. A previous study
demonstrated that the percentage of extremely dense and dense
breast were 76.3% of 40 years, 51.5% of 50 years and 17.6% of
60 years in Japanese breast cancer cases, respectively.® Breast
masses are indicated by their density in the mammography. In
addition, the mass findings are often hidden in a dense breast.
Previous study has demonstrated that screening mammography
is effective for women aged 50 years and over to detect malig-
nancy, whereas the effectiveness for women under 50 years has
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not been provenf” Ohuchi et al.9? suggested that screening
mammography alone for Japanese women aged 40 years and
over is insufficient. For the purpose of complementing this
weakness of mammography, the effectiveness of ultrasound
screening for women aged 40 years and over has been evaluated
in relation to detecting and reducing death as a result of breast
cancer in Japan.*

In the present study, we attempted to establish mammo-
graphic criteria for Japanese women for predicting breast malig-
nancy. We examined the mammographic characteristics
according to age groups. Lobular and irregular mass shape, no
circumscribed margin and higher density turned out to be more
powerful predictors for malignancy than other radiological fac-
tors. In addition, the ratio of the cases detected as a mass
between 21 and 49 years was lower than that for other age
groups. The presence of calcifications and no mammographic
abnormalities was one of the most powerful predictors for
malignancies in the young age groups. However, this study was
retrospective and took place in a single institute. Therefore, it is
probable that further investigation not only with Japanese
women but also with other Asian women will confirm the new
mammographic criteria. The results of this study might enable
more accurate prediction of the biological behavior of the breast
lesions in Japanese women.
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Mammalian target of rapamycin (mTOR) inhibitors have been clinically used as anticancer agents in several
types of human malignancies including neuroendocrine tumor (NET) but the development of clinical resis-
tances or their therapeutic limitations have been also reported. This clinical resistance has been proposed to
be partly due to a compensatory activation of an mTOR upstream factor Akt and MEK/ERK pathway in NET
cells but its details have not necessarily been reported. Therefore, in this study, we examined the effects of
mTOR inhibitors on these activations and of the concomitant treatment of mTOR and MEK inhibitors in two
NET cell lines, NCI-H727 and COLO320. We evaluated the effects of RAD001, mTOR inhibitor, and U0126,
MEK inhibitor, on cell proliferation and migration of these cells. In addition, an alteration of the factors
involved in Akt/mTOR and MEK/ERK pathways was also examined under administration of these agents.
RADOO1 and U0126 treatment significantly inhibited cell proliferation and their combined treatment syn-
ergistically decreased it in both cell lines. Additionally, these treatments above decreased the expression of
cell cycle-related factors, suggestive of an involvement of cell cycle arrest in therapeutic effects. The com-
bined treatment also inhibited the cell migration in NCI-H727 via the decrement of MMP2 and 9 in an addi-
tive manner. We demonstrated the potential synergistic/combined effects of inhibitors of mTOR and MEK
on cell proliferation and migration. These results suggest the potential therapeutic efficacy of the combined

therapy of mTOR and MEK inhibitors or a dual inhibitor for the treatment of NET patients.

© 2011 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Mammalian target of rapamycin (mTOR) plays a pivotal role in
the regulation of several cell functions such as cell proliferation,
survival, translation and metabolism (Bjornsti and Houghton,
2004; Pouysségur et al.,, 2006; Wullschleger et al., 2006). mTOR
is a central regulator in phosphatidylinositol 3-kinase (PI3K)/Akt/
mTOR pathway under receptor tyrosine kinases (RTKs) and has
been recently examined as a novel therapeutic target for human
neoplasms including neuroendocrine tumor (NET) because this
pathway is commonly over-activated in NET (Ciuffreda et al.,
2010). In addition, we and other investigators also reported the
association between the overactivation of this pathway and
insulin-like growth factor-1 receptor (IGF-1R) or epidermal growth
factor receptor (EGFR) in NET (lida et al., 2010; von Wichert et al.,
2000; Zutzmann et al., 2007).
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mTOR is composed of two complexes, mTOR complex 1
(mTORC1) and mTORC2, in terms of the functional activity
(Thomson et al., 2009). mTORC1 inhibitors, rapamycin and its ana-
logues (rapalogs), have been considered to demonstrate immuno-
suppressive and antitumor activities through the following
mechanisms: rapalogs first bind to immunophilin FK506-binding
protein 12 (FKBP12) and this complex subsequently binds to
mTORC1, not to mTORC2, which results in an inhibition of down-
stream signaling pathways (Jayaraman and Marks, 1993; Loewith
et al, 2002; Vilella-Bach et al., 1999). The detailed function of
mTORC2 has not been well-characterized mainly because mTORC2
is insensitive to rapalogs and mTORC2-specific inhibitors are not
still available at this juncture. Rapalogs, including CCI-779
(Wyeth), AP23573 (ARIAD Pharmaceuticals Inc.), and RAD001
(everolimus; Novartis AG), have been used in various clinical trials
as an antitumor agent alone against various tumor types. For
example, rapalogs demonstrated marked clinical therapeutic ef-
fects and relatively satisfactory safety profiles as a single agent in
advanced renal cell carcinoma (Phase III) and mantle-cell lym-
phoma (Phase III) (Amato et al,, 2009; Hess et al.,, 2009; Vilella-
Bach et al,, 1999). As for the patients with metastatic pancreatic
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NET, Phase III clinical trials are also being carried out (Chan et al,,
2010; Yao et al., 2011). It is, however, also true that results of these
clinical trials employing this as a single agent or in combination
with chemotherapeutic agents turned to be less successful than ex-~
pected, which could limit its antitumor activity in clinical settings.

Recently, two potential mechanisms of the limitations or resis-
tances to mTOR inhibition have been proposed. O'Reilly et al. (2006)
reported that mTOR inhibition resulted in an activation of Ak, an up-
stream factor of mTOR, through upregulation of RTKs or of its sub-
strates such as PDGFRs and IRS-1 (Hartley and Cooper, 2002; Zhang
etal., 2007). Octreotide, which has been widely used for the treatment
of NET patients, has been reported to decrease Akt phosphorylation
(Charland et al,, 2001; Theodoropoulou et al,, 2006) and the effects
of combination with rapalogs and octreotide were also evaluated
against NET in both preclinical and clinical settings (Grozinsky-Glas-
berg et al., 2008; Moreno et al., 2008; Yao et al,, 2008; Pavel et al,,
2011). Results of these studies above all indicated that mTOR inhibi-
tors were associated with significant antiproliferative activities but
octreotide itself was not necessarily associated with sufficient anti-
proliferative effects as a single agent. Therefore, the clinical signifi-
cance of additive effects of the combined treatment of mTOR
inhibitors and octreotide has still remained in dispute.

The great majority of the studies exploring the limitation or
resistance of antitumor effects of rapalogs studied their correlation
with PI3K/Akt signaling pathway but several investigators reported
that mTOR inhibition resulted in an activation of the MEK/ERK cas-
cade through a PI3K-dependent feedback loop (Carracedo et al,
2008; Mi et al., 2009; Wang et al., 2008). In these studies, the com-
bined treatment of both mTOR and MEK inhibitors improved the
growth inhibitory effects of mTOR inhibition both in vitro and
in vivo in various types of human malignancies. The dual inhibition
of Ras/Raf/MEK/ERK and PI3K/Akt/mTOR pathways has also been
reported as a potential anti-neoplastic therapy in glioma (Hjelme-
land et al.,, 2007), prostate cancer (Kikade et al., 2008), melanoma
(Lasithiotakis et al., 2008), thyroid cancer (Jin et al., 2009), pancre-
atic cancer (Chang et al., 2010) and glioblastoma (Sunayama et al.,
2010). However, it is also true that the association between PI3K/
Akt/mTOR and MEK/ERK pathways in NET cells has not been stud-
ied in details. Therefore, in this study, we hypothesized that the
combined or synergistic effects of a dual inhibition of mTOR and
MEK may result in a better therapeutic outcome in NET patients
and evaluated this possibility using NET cell lines.

2. Materials and methods
2.1. Cell culture and reagents

NCI-H727, a human bronchial NET cell line, was purchased from
the American Type Culture Collection (Manassas, VA, USA).
COLO320-DM (COL0O320) has been generally used as a human co-
lon adenocarcinoma having neuroendocrine characteristics (Quinn
et al.,, 1979) and we used this cell line in this study. This was pur-
chased from The Health Science Research Resources Bank (Osaka,
Japan). These cells were cultured in RPMI-1640 medium (Sigma Al-
drich Co., St. Louis, MO, USA) containing 10% fetal bovine serum
(FBS; Nichirei Co., Ltd., Tokyo, Japan). MEK inhibitor U0126 ethan-
olate (1,4-diamino-2,3-dicyano-1,4-bis[2-aminophenylthio]-buta-
diene) was purchased from Sigma Aldrich and RADOO1
(everolimus) was kindly provided from Novartis AG (Basel, Swit-
zerland). These reagents were dissolved in DMSO.

2.2. Antibodies

Primary antibodies employed in immunocytochemistry were as
follows: anti-chromogranin A, anti-neuron specific enolase (NSE)

and anti-synaptophysin (Dako, Glostrup, Denmark). For immuno-
blot analysis, the following antibodies were used (all from Cell Sig-
naling Technology except where indicated): anti-Akt (#4685) and
anti-phospho-Ser473-Akt (#4060), anti-mTOR (#2983) and anti-
phospho-Ser2448-mTOR (#2971), anti-RpS6 (S6; #2217) and
anti-phospho-Ser240/244 RpS6 (#2215), anti-4EBP1 (#9644) and
anti-phospho-Thr70-4EBP1 (#9455), anti-p44/42 MAPK (ERK;
#4695) and anti-phospho-Thr202/Tyr204-p44/42 MAPK (#4376),
anti-Cyclin D1 (Dako Cytomation, Glostrup, Denmark), anti-Cyclin
B1 (SantaCruz Biotechnology, Santa Cruz, CA) and anti-B-actin (Sig-
ma Aldrich).

2.3. Immunocytochemistry

The cells were cultured in the 4-well slide (Nalge Nunc Interna-
tional) until reaching 80-90% confluence and then the slides were
fixed with 10% formalin for 5 min at room temperature. Immuno-
cytochemistry was performed as we previously reported (lida
et al., 2010). The cells were immunostained by a biotin-streptavi-
din method using Histofine kit (Nichirei Co., Ltd., Tokyo, Japan;
chromogranin A and synaptophysin) and EnVision" method (Dako;
NSE). The antigen-antibody complex was subsequently visualized

with 3,3'-diaminobenzidine (DAB) solution (Dako Liquid
DAB + Substrate System; Dako) and counterstained with
hematoxylin.

2.4. Cell proliferation assay

The status of cell proliferation of NCI-H727 and COL0O320 cells
was determined using WST-8 [2-(2-methoxy-4-nitrophenyl)-3-
(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium  monoso-
dium salt] method (Cell Counting Kit-8; Dojindo Inc., Kumamoto,
Japan). The methods were based upon those which we previously
reported (lida et al., 2010).

2.5. Evaluation of combination index

In order to determine whether the combined effects were addi-
tive, synergistic or antagonistic, proliferation assay was conducted
as follows: both RAD001 and U0126 were simultaneously adminis-
tered at the ratio of 1:10 (NCI-H727) or 1:100 (COLO320) for
3 days. We analyzed the combination effects or “synergism” based
upon the combination index (CI) method of Chou and Talalay
(Chou and Talalay, 1984; Chou, 2006, 2010) using CalcuSyn soft-
ware (version 2.0; Biosoft, Cambridge, UK). CI < 1.0 indicates syner-
gism, CI=1.0 indicates additivity and CI>1.0 indicates
antagonism.

2.6. Immunoblot analysis

Both NCI-H727 and COLO320 were treated with each single re-
agent or their combination conditions for adequate length of time
and the total protein of the cells was extracted using Phospho-
Safe™ Extraction Reagent (Biosciences Inc., Darmstadt, Germany).
Following the measurement of protein concentration (Protein As-
say Kit Wako: Wako), the total protein was individually subjected
to SDS-PAGE (SuperSep™Ace: Wako). The proteins were then
transferred onto Hybond P polyvinylidene difluoride membrane
(GE Healthcare, Buckinghamshire, UK). The membranes were then
blocked in 5% non-fat dry skim milk powder (Wako) for over 1 h at
room temperature, and were then incubated with primary anti-
bodies for 24-48 h at 4°C using ImmunoShot (Cosmo Bio Co.,
Ltd., Tokyo, Japan). The working dilutions of the primary antibodies
used in this study were summarized as follows: mTOR, Akt, S6,
4EBP1, ERK and B-actin, 1/1000; phosphorylated mTOR (p-mTOR),
p-Akt, p-S6, p-4EBP1, p-ERK and Cyclin B1, 1/500; Cyclin D1, 1/250.
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These antibody-protein complexes on the blots were detected
using ECL-plus Western blotting detection reagents (GE Health-
care) following incubation with anti-mouse or anti-rabbit IgG
horseradish peroxidase (GE Healthcare) at room temperature.
The corresponding protein bands were subsequently visualized
and analyzed using LAS-1000 cooled CCD-camera chemilumines-
cent image analyzer and Multi Gauge v3.1 software (both from Fuji
Photo Film Co,, Ltd., Tokyo, Japan), respectively.

2.7. Wound healing assay

We employed wound healing assay (Liang et al., 2007) in order
to evaluate the in vitro migration of NCI-H727 cells. The confluent
cell layer was scratched with a sterile plastic P-200 pipette tip. The
cells migrated into these scratched areas were evaluated under
light microscopy. The areas of these foci of wound closure in each
culture conditions were quantified using MultiGauge v3.1 software
(Fuji Photo Film Co., Ltd.) and compared to the corresponding areas
in control cells.

2.8. Quantitative reverse transcriptional-polymerase chain reaction
(RT-PCR)

Total RNA was extracted from NCI-H727 treated with RAD0O1
and/or U0126 for 12 h using TRIZOL reagent (Invitrogen, CA, USA)
and a reverse transcriptional reaction was conducted using a Quan-
tiTect reverse transcription kit (Qiagen, Hilden, Germany) and a
PTC-200 Peltier Thermal Cycler DNA Engine (M] Research Inc.,
Watertown, MA). Real-time PCR was carried out using the Light-
Cycler System (Roche Diagnostics, Mannheim, Germany) and a
QuantiTect SYBR Green PCR Master Mix (Qiagen). The primer se-
quences were summarized in Table 1. The ribosomal protein
L13A (RPL13A) was used as an internal control and mRNA level
of each condition was calculated as a ratio of RPL13A level com-
pared with control levels.

2.9, Statistical analysis

The statistical analysis about the results of proliferation assay
and wound healing assay was analyzed with Scheffe test (StatView
5.0] software, SAS Institute Inc., NC, USA) and Student t test (Micro-
soft Excel). Statistical significance was defined as P < 0.05.

3. Results
3.1. Expression of neurcendocrine markers in NET cell lines

We first confirmed the neuroendocrine features of two NET cell
lines NCI-H727 and COLO320 used in our present study using
immunocytochemistry. We examined three neuroendocrine mark-
ers chromogranin A, NSE and synaptophysin and all of these mark-
ers were detected in the cytoplasm of both cell lines (Fig. 1).

Table 1
Sequences of primers in this study.
Gene GenBank No. PCR primers
MMP2 NM_001127891 5'-ATAACCTGGATGCCGTCGTG-3'

5'-AGCCTAGCCAGTCGGATTIG-3'

MMP9 NM_004994 5'-GACGTCTTCCAGTACCGA-3'
5'-GGATGTCATAGGTCACGTAGC-3’
RPL13A NM_012423 5'-CCTGGAGGAGAAGAGGAAAG-3'

5'-TTGAGGACCTCTGTGTATIT-3

3.2. Antitumor efficacy of RAD001 and MEK inhibitors in NET cell lines

We examined the anti-tumor effects and their concentration-
dependency of RAD0O1 and U0126 in NCI-H727 and COLO320
(Fig. 2A and B, respectively). RAD0O1 significantly decreased the
number of cells at 9th day of treatment in NCI-H727 and at 3rd
day in COLO320 in the range of 1-100 nM, compared to the control
levels (Fig. 2A). As for U0126, the cell growth was significantly
inhibited at 3rd day with 1 uM in NCI-H727 and with 100 nM
and 10 pM in COLO320 (Fig. 2B). Therefore, based upon these re-
sults, we determined the concentrations of these reagents as fol-
lows: RADO01, 100nM; U0126, 1pM (NCI-H727) or 10 uM
(COLO320). The combined treatment of RAD001 with U0126 dem-
onstrated a significant inhibition in both NCI-H727 and COLO320
for 3 days, compared to the other groups (Fig. 2C). Additionally,
Cl values in all conditions were smaller than 1.0 in both of the cell
lines studied (Table 2).

3.3. Intracellular mechanisms of synergistic effects of mTOR and MEK
inhibitors in NET cell lines

We demonstrated the synergic inhibition of cell proliferation by
combined treatment of mTOR inhibitors with MEK inhibitors as de-
scribed above. We then examined the status of the factors involved
in Akt/mTOR and MEK/ERK signaling pathways at protein levels in
order to clarify the alterations of signal transduction factors
expression following the treatment. We first examined the time-
dependency and determined the adequate time of simultaneous
treatment in two of NET cell lines (NCI-H727, 6 h; COLO320, 3 h;
data not shown). The status of mTOR-related factor expression
was subsequently evaluated and the results were summarized as
follows (Fig. 3): (a) RAD0OO1 markedly inhibited the phosphoryla-
tion of mTOR and its downstream factors, S6 and 4EBP1, and
U0126 also inhibited that of ERK. (b) RAD0O01 induced an activation
of Akt and ERK. (c) U0126 similarly induced the expression of p-Akt
and p-mTOR, especially in COLO320, but decreased that of p-S6
and p-4EBP1. (d) The combined treatment inhibited both
RADOO1-induced ERK activation and U0126-induced mTOR activa-
tion and demonstrated additive inhibition of the phosphorylation
of both S6 and 4EBP1.

3.4. Effects of the treatment on cell cycle related protein expression

In order to investigate the effects of the combined treatment on
cell cycle, we detected cell cycle related proteins when simulta-
neously treated. In NCI-H727 cells, RADOO1 treatment induced
the expression of Cyclin D1, which was inhibited or decreased by
U0126 treatment such as phospho-ERK expression (Fig. 4). How-
ever, both reagents suppressed the expression of Cyclin D1 in
COLO320. Regarding Cyclin B1, both RAD001 and U0126 treatment
decreased its expression and their combination resulted in further
reduction.

3.5. Effects of the treatment on cell migration activity

Results of wound healing assay demonstrated that cell migra-
tion activities were suppressed in single reagent treated cells
(Fig. 5A) and the combined treatment resulted in significantly
higher inhibition/suppression of cell migration than single treat-
ment (P < 0.05: Fig. 5B).

3.6. Effects of the treatment on MMPs mRNA expression
We examined the effects of these reagents on MMP2 and MMP9

expressions at mRNA levels in NCI-H727 in order to investigate the
mechanisms of the inhibition of cell migration as demonstrated
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Fig. 1. Representative illustration of hematoxylin and eosin (H&E) staining and immunocytochemistry of neuroendocrine markers in NET cell lines. Both NCI-H727 and
COLO320 cultured in 4-well plate were immunostained with three neuroendocrine markers, chromogranin A, NSE and synaptophysin. Original magnification, 100x.
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Fig. 2. Anti-tumor effects of RAD001 and U0126 treatment in NET cells. (A) RADOO1 treatment (1-100 nM) in NCI-H727 at Sth day and in COLO320 at 3rd day. (B) U0126
treatment at the range of 10 nM to 1 pM in NCI-H727 and 160 nM to 10 uM in COLO320. (C) Combination treatment of RAD001 (100 nM) with U0126 |1 uM (NCI-H727) or
10 uM (COLO320)] at 3rd day. All data are shown as mean (n = 6). Error bars indicate SD. Statistical significances were calculated by Scheffe test. *P < 0.05, **P<0.01 and
P < 0,001, compared with control group; *P < 0.05 and **P < 0.01, compared with RAD001 treatment group; ***P < 0.001, compared with U0126 treatment group.

above. Results were summarized in Fig. 6. RAD0OO1 exerted no sig-
nificant effects upon MMP2 mRNA expression, whereas U0126 and
the combination treatment significantly decreased that of MMP2.
As for MMP9, both RAD001 and U0126 significantly decreased its
expression and their simultaneous administration decreased it in
an additive manner.

4. Discussion

We previously reported the subclassification of non-functioning
NET cases using hierarchical clustering analysis based upon immu-
noreactivity of various factors involved in the regulation of cell
proliferation (lida et al., 2010). Briefly, non-functioning NETs were
sub-classified into sstr-related group and mTOR activation-related
group and the latter group may be considered to benefit from

Table 2
Combination index values of the combined effects of RAD001 with U0126 in NET cells,
Cell line RADOO1 uo0126 Fractional affected Cl value
NCI-H727 1nM 10 nM 0.266 0.003
10 nM 100 nM 0.301 0.021
100 nM 1M 0.402 0.144
COL0320 1nM 100 nM 0.205 0.098
10 nM 1uM 0.289 0.089
100 nM 10 pM 0.453 0.453

Note: CI < 1.0 indicates synergism, CI = 1.0 indicates additivity and CI > 1.0 indicates
antagonism.

mTOR inhibitors. It is, however, also true that several investigators
reported the potential limitation of the efficacy of mTOR inhibitors
in NET cases (Duran et al., 2006). In our present study, we focused
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Fig. 4. Summary of the expression of cell cycle-related factors when RAD0O1 andjor
U0126 were administered. The expressions of Cyclin D1 and Cyclin B1 as G1/S and
G2/M phase markers, respectively, were detected when treated with RAD0OO1
(100 nM) and U0126 [1 pM (NCI-H727) or 10 uM (COLO320)] for 24 h. The number
under each band calculated using MultiGauge v3.1 software (Fuji Photo Film Co,,
Ltd.) indicated the intensity when the control bands were 1.0.

on one of the potential mechanisms of development of resistance
to mTOR inhibitors, that is, a positive feedback loop from MEK]/
ERK pathway (Carracedo et al, 2008; Mi et al, 2009; O'Reilly
et al., 2006; Wang et al., 2008) because the combined therapeutic
effects of mTOR and MEK inhibitors has not been necessarily stud-
ied in NET.

The mechanism of therapeutic resistance to an inhibitor of Raf,
an upstream factor of MEK, was recently reported in melanoma
cells (Johannessen et al., 2010; Nazarian et al., 2010). These reports

also indicated an involvement of the acquired resistance through
activating a RTK (PDGFRp was found in this study)-dependent sur-
vival pathway and reactivating MAPK pathway via Ras upregula-
tion. In addition, U0126 has been known to cause an activation
of PI3K/Akt/mTOR pathway in non-small cell lung carcinoma cells,
as was previously reported by Meng et al. (2009). They also dem-
onstrated the association of high levels of Akt activity with resis-
tances to MEK inhibition. In our present study, single treatment
of mTOR or MEK inhibitor resulted in a significant suppression of
cell proliferation and their combination did demonstrate therapeu-
tic effects in a synergistic manner because its CI values were smal-
ler than 1.0. We first demonstrated that RADOO1 inhibited an
activation of mTOR but did activate Akt and ERK at the protein lev-
els in both cell lines. As for MEK inhibition, U0126 suppressed ERK
activation but did activate Akt and mTOR. These results indicated
that between these two pathways, one induced the other pathway
and the combined treatment inhibited the each pathway induced
by the each reagent as expected. In addition, U0126 inhibited the
activation of both S6 and 4EBP1, downstream factors of mTOR, as
RADOQOT1 did. Both of these factors have been known to be regulated
by MEK/ERK pathway, as previously reported (Herbert et al., 2002;
Wang et al, 2001). Zitzmann et al. previously demonstrated the
combination treatment of RADOO1 with a Raf inhibitor Raf265 in
NET cells (Zitzmann et al., 2010). In our present study, RAD0O1 in-
creased the activation of Akt but not that of ERK at the concentra-
tion of 100nM for 2 and 24 h in NCI-H727, respectively. We
examined the antitumor effects of RAD0O1 in a time-dependent
manner and detected ERK activation by the treatment of this re-
agent for 3, 6 and 12 h (data not shown). In addition, ERK activation
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Fig. 5. Summary of the results of migration assay in NCI-H727. (A) Representative illustrations of migration assay in NCI-H727 at the 3rd day and (B) the results of statistical

analysis (P < 0.05, Scheffe test; n=3).

was detected when RAD001 and mTOR/PI3K inhibitor NVP-BEZ235
were treated in other types of NET cell lines (i.e. BON1 and GOT1).
Zitzmann et al. also demonstrated that Raf265 induced Akt activa-
tion, suggesting that, as described in our present study, an inhibi-
tion of Ras-Raf-MEK-ERK pathway may result in a positive
feedback loop for PI3K-Akt-mTOR pathway. These results all indi-
cated that the combined inhibition of both pathways could be
effective in NET cells.

It is widely known that both mTOR and MEK inhibitors induce
cell cycle arrest (Hoshino et al,, 2001; Yu et al,, 2001). Therefore,
in this study, we explored alterations of the factors involved in
the process of cell cycle arrest. Cell cycle was arrested by an admin-
istration of a single inhibitor and furthermore, the combined treat-
ment additively suppressed the expression of G1/S and G2/M
phase positive regulators, Cyclin D1 and Cyclin B1, respectively.
These results all indicated that the anti-tumor activity of this dual
inhibition of mTOR and MEK pathway was caused by the cell cycle
arrest. We further demonstrated the differences of their effects on
Cyclin D1 expression between in two types of NET cells. In NCI-
H727 cell line, U0126 decreased the expression of Cyclin D1,
whereas RAD001 induced its amount to the similar level of phos-
pho-ERK. These findings suggested that Cyclin D1 expression was
predominantly regulated by MEK/ERK pathway in NCI-H727, as
previously reported by Lavoie et al. (1996).

Some patients with well-differentiated non-functioning NETs
may clinically present with metastatic disease at initial visits and
therapeutic options in these cases are markedly limited (Reidy
et al., 2009). No standard therapy is currently available, which
makes it important to explore the possibility of the combined treat-
ment studied in our present in vitro study of NET cells. In glioma
cells, the combination of a Raf inhibitor and RADOO1 significantly
suppressed the invasive properties of tumor cells (Hjelmeland
et al., 2007). In our present study, the combination of RAD001 and

U0126 significantly decreased NET cell migration in addition to syn-
ergistic inhibition of cell proliferation, which may also suggest an
additional benefit of the combination of mTOR and MEK inhibitors
for the treatment of NET patients. In our present study, we focused
on MMPs expression involved in the inhibitory mechanisms of cell
migration. In Lewis lung carcinoma cells, MMP2 mRNA expression
was not influenced by mTOR inhibitor rapamycin and MEK inhibitor
decreased its expression as we demonstrated in NCI-H727 (Zhang
et al., 2004). As for MMPS, its expression was reported to be signifi-
cantly correlated with PI3K-Akt-mTOR pathway in hepatocellular
carcinoma cells (Chen et al., 2009). In addition, the decrement of
MMP9 mRNA expression by U0126 and inhibitors of PI3K, wortman-
nin and LY294002, was also previously reported in ovarian and
breast cancer cells (Thant et al., 2000; Reddy et al., 1999). Therefore,
as we demonstrated, the inhibition of cell migration by RAD001 and
U0126 was associated with the decrement of MMP2 and 9.

Yao and co-researchers recently reported that RAD001 adminis-
tration was clinically effective for progression-free survival and the
ratio of severe adverse events in progressive advanced pancreatic
NETs in phase IHI clinical trials (Yao et al.,, 2011). However it is also
true that mTOR inhibitors were associated with limitations caused
by Akt and ERK activation in NET cells as reported in our present
study. All of these findings including those of our present study
suggest that the expression of activated Akt and ERK could be eval-
uated in surgical pathology specimens of NET cases prior to
RADOO1 treatment and the combined agent may be selected based
upon the results of these evaluations. When Akt activation is de-
tected in tumor cells using immunchistochemistry in biopsy
specimens, somatostatin analogue may be administered because
they were reported to inactivate Akt and to further stabilize symp-
toms (Arnold et al., 2000; Charland et al., 2001). The combined
treatment of RADOO1 with octreotide LAR (Novartis) has been
evaluated in phase Il clinical trial and its results demonstrated a
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Fig. 6. Summary of mRNA levels of MMP2 and 9 in NCI-H727 when RAD0O1 and/or
U0126 were treated. 100 nM of RAD001 and 1 uM of U0126 were respectively or
simultaneously administered for 12 h and the expression levels of MMP2 and 9
mRNA were evaluated. These experiments were performed in triplicate. *P < 0.05,
“*P<0.01 and ™*P < 0.001, compared with control group (Student t test).

significant clinical improvement in advanced NET patients (Pavel
et al, 2011). Regarding Ras-Raf-MEK-ERK pathway, a MEK or a
Raf inhibitor may be combined with an mTOR inhibitor (Hjelme-
land et al, 2007). It is true that MEK or Raf inhibitors have not
yet been clinically applied in any tumors but the development of
the combined therapy has been expected. In addition, the effects
detected in our present study may be also detected in other types
of malignancies and the correlation of the findings obtained with
neuroendocrine features of the tumors cells, that is, the synthesis
and secretion of peptide hormones needs to be clarified by further
investigations.

In summary, we firstly demonstrated the synergistic suppres-
sion of cell proliferation and invasive properties in the dual inhibi-
tion of mTOR and MEK in NET cell lines by suppressing the
compensatory induction or activation of the pathway caused by
suppression of mTOR or MEK signaling pathways. In our previous
study, mTOR or ERK activation was detected in 63.5% and 34.6%
of NET cases, respectively (lida et al,, 2010), and combined treat-
ment may be effective when applied to the patients with NET.
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Objective: We evaluated ultrasonographic findings and the corresponding histopathological
characteristics of breast cancer patients with Breast Imaging Reporting and Data System (BI-
RADS) category 1 mammogram.

Methods: We retrospectively reviewed the ultrasonographic findings and the corresponding
histopathological features of 45 breast cancer patients with BI-RADS category 1 mammogram
and 537 controls with mammographic abnormalities. We evaluated the ultrasonographic find-
ings including mass shape, periphery, internal and posterior echo pattern, interruption of
mammary borders and the distribution of low-echoic lesions, and the corresponding histo-
pathological characteristics including histological classification, hormone receptor and human
epidermal growth factor receptor 2 status of invasive ductal carcinoma and ductal carcinoma
in situ, histological grade, mitotic counts and lymphovascular invasion in individual cases of
BI-RADS category 1 mammograms and compared with those of the control group.

Results: The ultrasonographic characteristics of the BI-RADS category 1 group were charac-
terized by a higher ratio of round shape (P < 0.001), non-spiculated periphery (P = 0.021),
non-interruption of mammary borders (P < 0.001) and non-attenuation (P = 0.011) compared
with the control group. A total of 52.6% of low-echoic lesions were associated with spotted dis-
tribution in the BI-RADS 1 group, whereas 25.8% of low-echoic lesions were associated with
spotted distribution in the control group (P = 0.012). As for histopathological characteristics,
there was a statistically higher ratio of triple-negative subtype (P = 0.021), and this particular
tendency was detected in histological grade 3 in the BI-RADS category 1 group (P = 0.094).
Conclusion: We evaluated ultrasonographic findings and the corresponding histopathological
characteristics for BI-RADS category 1 mammograms and noted significant differences among
these findings in this study. Evaluation of these ulirasonographic and histopathological character-

-istics may provide a more accurate ultrasonographic screening system for breast cancer in

Japanese women.

Key words: breast US — BI-RADS category 1 mammogram — histopathological characteristics

INTRODUCTION

screening has therefore led to the detection of the tumor at a

The incidence of breast cancer has increased worldwide, which relatively earlier clinical stage. The effectiveness of screening
is partly considered to be due to mass screening programs  mammography on reduction in mortality by breast cancer has
resulting in the discovery of clinically occult or early breast  been well established in both Western countries and Japan (2).
lesions (1). Early clinical detection of breast cancer through ~ Mammography has thus become the gold standard for
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