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[8.9] and endometrial cancer [9,10] also express increased
amounts of intratumoral aromatase. For example, in human
breast carcinoma, 60-70% of the specimens had aromatase
activity comparable with or greater than that found in other
tissues. In addition, Miller et al. [11] also detected estrogen
biosynthesis in all (247/247) breast adipose tissue specimens
obtained from the patients with breast cancer. Therefare, aro-
matase has been established as a potential target for treatment
of postmenopausal breast cancer patients. Several clinical tri-
als demonstrated that aromatase inhibitors were better than
tamoxifen in postmenopausal women diagnosed with estro-
gen receptor and/or progesterone receptor positive breast
cancer cases [12-14]. However, itis also true that the methods
of evaluating intratumoral aromatase applicable in clinical
specimens have not necessary been standardized and there-
fore, it is not known that aromatase inhibitors exerted their
effects on which types of cells in human breast carcinoma
tissues,

2. Controversies in aromatase localization in human
breast cancer .

Aromatase localization has been mostly examined by
immunohistochemistry and mRNA in situ hybridization
in previous studies. Results from these published reports
demonstrated the presence of aromatase protein predom-
inantly in tumoral stromal cells and adipocytes of breast
carcinoma tissues using rabbit polyclonal antibody (from
Dr. N. Harada) [8,15]. However, it is true that there have
been controversies regarding intratumoral aromatase local-
ization. Results of previous immunohistochemical studies of
aromatase in human breast cancer are summarized in Table |
[8,15-24]. Esteban et al. [16] and Lu et al. [18] reported aro-

matase expression in breast carcinoma cells using another
rabbit polyclonal antibody and monoclonal antibody (from
Dr. E. Simpson). Furthermore, Zhang et al. [22] demon-
strated that aromatase immunoreactivity (using polyclonal
antibody from Dr. N. Harada described above) was detected
not only in stromal cell but also carcinoma cells, in both
the ductal carcinoma in situ and invasive ductal carcinoma
specimens, Recently, Sasano et al. [23,24] developed the
new mouse monoclonal antibody for aromatase raised against
from native aromatase protein (#677), and demonstrated that
aromatase immunoreactivities were detected in various types
of cells such as carcinoma cells, stromal cells, and adipocytes
(Fig. 1). Furthermare, there is a statistically significant cor-
relation between enzymatic activity of aromatase and #677
immunoreactivity in parenchymal carcinoma cells but not in
stromal cells [24]. Lu et al. [18] also examined localization of
aromatase mRNA using mRNA in situ hybridization in breast
cancer specimens. They demonstrated that aromatase mRNA
expression was predominantly detected in parenchymal cells
[18]. These discrepancies regarding intratumoral localization
of aromatase in human breast cancer tissues may be due 10
the different anti-human aromatase antibodies employed [25]
and probe positions employed in these studies in the cases
of mRNA in situ hybridization. These discrepancies may
be therefore, easily resolved if carcinoma and stromal cells
could be separated in human breast carcinoma specimens.
Laser capture microdissection (LCM) can provide researches
with the ability to accurately procure nearly pure population
of target cells from the regions of breast carcinoma speci-
mens [26,27]. The results of combined LCM and RT-PCR
analysis of aromatase demonstrated that aromatase mRNA
transcripts were detected in breast carcinoma or parenchy-
mal cells as well as stromal cells (Fig. 2A). Therefore, it
is reasonably postulated that at this juncture, intratumoral

Table | )
Summary of previous immunohistochemical analysis of aromatase in human breast carcinoma tissues
References Antibody Source Tissue Localization
Esteban et al. [16] Rb polyclonal P. Hall IDC CA
Sasano et al. [8] Rb polyclonal N, Harada IDC 5T
Santen et al, [15) Rb polyclonal N. Harada IDC ST>CAand NB
Berstein et al. [17) Rb polyclonal E. Simpson IDC CA>NB
Luetal, [18] Ms monoclonal E. Simpson IDC CA>ST
Shenton et al. [19] Rb polyclonal N. Harada IDC ST
Ms monoclonal E. Simpson IDC CA and ST

Brodie et al, [20] Ms monoclonal E. Simpson IDC CA
Tsunoda et al. [21] Rb polyclonal (PAbR-9) Y. Osawa FNA CA

D CA

. Cell MCF-7, SK-BR-3

Zhang et al. [22) Rb polyclonal N. Harada IDC CA and ST

DCIs CA and ST
Sasano et al. [23] Ms monoclonal (F2) Original IDC 5T and CA and NB
Sasano et al. [24] Ms monoclonal (#677)

Rb: rabbit; Ms: mouse; IDC: invasive ductal carcinoma; FNA: fine-needle aspiration sample; DCIC: ductal carcinoma in sine: CA: carcinoma cells; ST stromal
cells; NB: normal (non-malignant) breast epithelium; *: same patients tissues with FNA.
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Fig. 1. Immunolocalization of aromatase in breast carcinoma tissues. Aromatase immunoreactivity was detected in the cytoplasm of stromal (S, top left),
parenchymal carcinoma ells (T, top right), ar both parenchymal and stromal cells (bottom left). Aromatase immunoreactivity was also detected in non-malignant

duct epithelial cells (N, bottom right); bar; 50 pm.

aromatization occurs in various components of breast carci-
noma tissues.

3. Aromatase in human breast carcinoma cell lines
There have also been controversies regarding aromatase

in human breast carcinoma cell lines. It is well known that
aromatase mRNA expression/enzymatic activity is below

M Carcinoma Stroma P N
63
o 46 %
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Fig. 2. (A) Localization of aromatase mRMA in breast carcinoma tissues
Aromarase mRNA was detected both in parenchymal and stromal cells col-
lected by lasar capture microdissection. (B) Expression of aromatase mRNA

in breast carcinoma cell lines. M: molecular marker; Pe: positive control
(placenta); Nc: negative control (H20).

the detectable level in the great majority of breast can-
cer cell lines, MCF-7 and T-47D [28-30]. Therefore, stable
aromatase expressing cell lines such as MCF-7aro and T-
47Daro have been developed by some investigators [31].
However, several studies demonstrated native aromatase
mRNA and enzymatic activity in breast carcinoma cell lines
including MCF-7 [28-34). Furthermore, Yang et al. [35]
demonstrated that estrogen-related receptor o was a positive
regulator of aromatase mRNA expression in SK-BR-3 breast
carcinoma cell line. Mu et al. [36] reported that the com-
bined treatment of two types of retinoids, TTNPB for RAR
and LG100268 for RXR synergistically stimulate aromatase
enzymatic activity in MCF-7, These nuclear receptors such
as ERRa, RAR, and RXR were all detected in parenchymal
carcinoma cells but not in stromal nor in normal epithelial
cells of breast carcinoma tissues [37-39]. In RT-PCR anal-
ysis of aromatase (Fig. 2B), aromatase mRNA transcripts
were detected in breast carcinoma cell lines such as MCF-
7, ZR-75-1, SK-BR-3, MDA-MB-231, and MDA-MB-468
but not T-47D and YMB-1-E. Relatively high level of aro-
matase mRNA was detected in SK-BR-3 and MDA-MB-468
(Fig. 2B). In previous immunocytochemical analysis using
polyclonal antibody (from Dr. Y. Osawa), MCF-7 and SK-
BR-3 cells also showed aromatase immunoreactivity in their
cytoplasm [21]. It was also reported that non-steroidal aro-
matase inhibitor, letrozole directly inhibited growth of the
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MCF-7, which expressed aromatase mRNA, but not that of
aromatase negative normal MCF-12A epithelial cells [40].
Furthermore, concurrent treatment of MCF-7 cells with estra-
diol in the presence of letrozole significantly suppressed
the estradiol induced increment of matrix metalloproteinase
level [40]. These findings also suggest that aromatase
play an important role of estrogen-dependent pathway in
breast parenchymal or carcinoma cells as well as stromal
cells.

4. Conclusion: intracrine “paracrine versus
autocrine™ in breast carcinomas

Hormones which are released from one cell and reach
nearby target cells by diffusion through the extracellular
space are called paracrine. Hormones may also act on the
cells that produced them, in which case they are called
autocrine. In situ formation of biologically active estrogen at
the sites of their actions from biologically inactive precursors
in the circulation termed intracrine (Fig. 3) have been demon-
strated to play very important roles in hormone-dependent
carcinomas. In this intracrine manner of breast carcinoma
tissues, it is considered that there are two patterns of estro-
gen supplying systems (Fig. 3), i.e., estrogen releasing from
stromal cell (paracrine) or carcinoma cell itself (autocrine).
Parenchymal carcinoma cells are major cell types of human
breast cancer tissues and estrogen produced in sifu in carci-
noma cells could reach estrogen receptor in carcinomacellsin
a more effective manner with higher concentrations. There-
fore, expression levels of aromatase per cells in carcinoma
cells may be lower than those in stromal cells, but their con-
tribution to intratumoral estrogen synthesis and subsequent
estrogen-dependent cell proliferation is considered signifi-
cant.

Fig. 3. Summary of intracrine of breast carcinoma tissues. There are two
patterns of estrogen supplying systems, which are estrogen releasing from
stromal cell (paracrine, dashed line) or carcinoma cell its2lf (autocrine, solid
line), in postmenopausal breast carcinoma tissues. Estrogen synthesized by
aromatase bonds o estrogen reczptor (ER), which is located in carcinoma
cells but not in stromal cells.

istry & Molecular Biology 106 (2007) $7-101
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Objective: The aim of this study was to evaluate the reliability of information obtained by
core neadla biopsy (CNB).

Methods: We studied 111 women (112 lesions) with breast cancer who underwent CNB and
subsequent surgical excision. Six factors (histological type, nuclear grade, histological grade,
estrogen receptor (ER) status, progesterona receptor (PR) status, and human epidermal
growth factor receptor-2 (HER2) status) were evaluated in a blinded fashion at CNB and at
surgical excision.

Results: The histological type at CNB correlated exactly with that of the excisional specimen
in B3% (87/105) of the cases. Of the 45 /n situ lesions at CNB, 16 (36%) wera found 1o have
invasive carcinoma at surgical excision. The difference between the specimens from CNB
and those from surgery in terms of the absolute concordance rate and « statistic value were
61% with a fair x value (0.26) In the nuclear grade, 75% with a moderate k value (D.55) in the
histological grade, 95% with an almost perfect « value (0.84) in ER, 88% with a substantial
« value (0.70) in PR and 88% with a substantial k value (0.65) in HER2. Regarding the
evaluation of nuclear and histological grades, a trend toward greater accuracy was observed
when thicker specimens were used.

Concluslons: CNB provided reliable information on the histological type of invasive
carcinoma. It also evaluated ER, PR and HER2 (only in cases where the score was 3+)
accurately in spite of the limited quantity of the specimen obtained with the thin (16-gauge)
needle.

Key words: breast cancer — core needle biopsy — HER2 — hormone receptor — prognostic factor

BACKGROUND

very important when deciding the therapeutic strategy.
Particularly in settings where neo-adjuvant therapy is used,

Recently, core needle biopsy (CNB) has been widely used as
an alternative to surgical open biopsy. There have been
several studies on the diagnostic accuracy of CNB (1-6),
which showed high diagnostic accuracy for both palpable
and non-palpable breast lesions. One of the reasons for the
preference of CNB over fine needle aspiration biopsy
cytology (FNA) is that the incidence of ductal carcinoma
in situ (DCIS) has increased among all breast cancers.
However, for therapeutic advancement in the treatment of
breast cancer, many clinicians would like CNB to provide
information not only on the histological diagnosis but also
on various predictive factors because such information is

For reprints and all : Takuya Moriya, Depantment of
Pathology, Tohoku University Hospital. 1-1 Seiryo-machi, Aobs-ku, Sendai
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such information would be unique to each patient because at
the time of the operation, we cannot obtain the native tissue
samples, i.e. those that have not been modified by the treat-
ment. In addition, a recent study (7) on metastatic breast
cancer has shown a high level of discordance for both the
estrogen receptor (ER) and the progesterone receptor (PR)
between primary and metastatic disease, This reinforces the
importance of obtaining biopsy material at the first presen-
tation of metastasia, Furthermore, survival after metastasis is
related to the ER status of the metastatic tumor rather than
that of the primary tumor. In clinical practice, material from
metastatic lesions is often obtained by CNB.

There are few studies that detail the predictive factors
from CNB, in particuler, the impact of the needle size on the
accuracy of several prognostic factors, Therefore, the aim of
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this study is to evaluate the reliability of the information
obtained from CNB with respect to certain histopathological
factors as well as those influenced by needle thickness.

PATIENTS AND METHODS

We studied 111 women (112 lesions) with breast cancer
whose ages ranged from 29 to 80 years (mean: 55.3 years).
Between January 2000 and May 2005, they underwent CNB
and subsequent surgical excision at Tohoku University
Hospital. Patients who received neo-adjuvant therapy or
radiotherapy during the period between the CNB and the
surgical excision were excluded. All the core biopsies were
performed under image guidance, Ultrasound guidance using
& 16-gauge true-cut needle with an automated biopsy device
was employed in 91 cases (81%), while stereotactic guidance
using an 1l-gauge vacuum-assisted biopsy device was
employed in 21 cases (19%), which demonstrated only calci-
fication upon mammography. The number of cores ranged
from 1 (88 cases) 1o 2 (3 cases) when the 16-gauge needle
was used and ranged from 1 to 17 with a mean value of 7.7
when the 11-gauge needle was used.

Therapeutic excision was performed in each case. Partial
mastectomy was performed in 92 cases (82%) while
total mastectomy was carried out in 20 cases (18%). The
partial mastectomy specimen was serially sectioned into
5-mm thick slices and all the slices were processed for histo-
logical diagnosis (8). In the total mastectomy cases, an ade-
quate number of slices were retained for diagnosis. All the
specimens were fixed in 10% formalin, embedded in paraffin
and sectioned into slices 2—3 pm thick; staining with
hematoxylin-eosin (HE) and immunohistochemicals was
then performed. For determining the hormone receptor
status, we employed the avidin-streptavidin immunoperoxi-
dase method using the clone 6F11 antibody (Ventana) for
ER and the clone 6 antibody (Ventana) for PR in an
automated immunostziner (Benchmark System: Ventana
Medical Systems, Inc.). To evaluate the human epidermal
growth factor receptor-2 (HER2) status, we used a stan-
dardized immunohistochemistry kit (HercepTest for
Immunoenzymatic Staining: DAKOQ) (9).

Slides from both CNB and the surgery were independently
reviewed in a blinded fashion by two pathologists, The fol-
lowing six factors were considered: histological type, nuclear
grade (pleomorphism), histological grade, ER status, PR
status and HER2 status. In cases of inter-observer disagree-
ment, a conclusion was reached after sufficient discussion.

Assignment of the histological type was based on the
WHO classification from 2003 (10). When we could only
observe a malignant (ductal) cell cluster without a border in
the stroma in the CNB slides, we diagnosed only 'ductal car-
cinoma® (in which the invasive component of the tumor
could not be determined). The histological grade was
assigned using the Nottingham grading system (11). The
nuclear grade was evaluated based on three tiers, namely,
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grades 1 (mild), 2 (intermediate) and 3 (severe), according to
the same WHO classification system. The ER and PR results
were assessed semi-quantitatively using Allred’s scoring
system (12). The results were categorized as positive when
the total score (T8), expressed as the sum of the proportion
score (PS) and the intensity score (1S), was more than two.
With regard to HER2, membranous staining was graded as
negative (score 0 or 1+4), weakly positive (score 2+) and
strongly positive (score 3+).

In order to determine the impact of the needle size on
diagnostic accuracy, we also analyzed the effect of the
relationship between the needle size and the absolute concor-
dance rate on the evaluation of each factor.

Agreement between the results from CNB and those from
surgical excision was statistically analyzed using the absolute
concordance rate and k statistic values. The x* test or
Fisher’s exact test was used to examine the association of
the needle size and the absolute concordance rate. The
Cochran—Cox method was used for evaluating the relation-
ship between the size of invasion and the accuracy of the
estimation of the invasion. In this study, P values less than
0.05 were considered significant.

RESULTS
Histovocicat Tyre

All the cases that were diagnosed to be malignant on CNB
proved to be breast cancer upon subsequent surgical excision
(positive predictive value = 100%). In the final (excisional)
diagnosis, there were 70 (62%) cases of invasive ductal car-
cinoma not otherwise specified (1DC), 30 (27%) cases of
non-invasive ductal carcinoma (DCIS), seven (6%) cases of
invasive lobular carcinoma (ILC), three (3%) cases of muci-
nous carcinoma, and one case each of apocrine carcinoma
and tubular carcinoma (Table 1). The histological type on
CNB correlated exactly (including the distinction between
in sine and invasive carcinomas, and ductal and specific type
carcinomas, i.e. lobular, mucinous and apocrine carcinomas)
with that of the excisional specimen in 87 of 105 (83%)
cases, except in seven cases in which the invasive com-
ponent of the amor could not be determined.

All 60 cases diagnosed as invasive carcinoma at CNB
were also invasive carcinoma at excision. Of the 45 cases of
in siru lesions diagnosed with CNB, 29 (64%) showed non-
invasive ductal carcinoma at surgical excision. At CNB, 16
of the 45 (36%) in situ lesions were found to have invasive
carcinoma at surgical excision.

The characteristics of these 16 cases were as follows. The
mean size of invasive carcinoma was 8.8 mm (1-19 mm).
The size (8.8 mm) was significantly smaller (P < 0.05) than
that of the invasive carcinoma (2—80 mm, mean: 17.6 mm)
diagnosed both at CNB and at surgical excision (histological
type concordant cases). In 11 (69%) of these cases, the size
was equal to or less than 4 mm. The mean number of inva-
sive sites was 6.8 (1—16). Eleven (69%) cases had multiple
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Table 1, Comparison of histological type in CNB and surgical

CNB Surgical excision

Inc DeIs e Muc Apo Tub
IbC 50 0 1 0 ] 1
DCIs 1 29 0 0 1 0
nc 6 i 0 0 0 0
e 0 0 s 0 0 0
Muc 0 0 0 3 0 0
Lois 0 0 | 0 0 0

0 0 7 3 i 1

62% 7% 5% % 1% 1%

IDC, invasive ductal carcinoma; ILC, mnvasive lobular carcinoma; DCIS,
ductal carcinoma in sinv; DC, ductal carcinoma in which invasion could not
be determined; LCIS, lobular in xinu; Mue, i inoma;
Tub, tubulzr carcinoma.

invasion sites. All 16 cases presented comedonecrosis in
in situ carcinoma and the nuclear grade was intermediate
or high in surgical excision specimens. Further, it should
be noted that four cases had metastasis to the axillary
lymph node.

NucLear GRADE (PLEOMORFHISM)

Among 112 patients, with respect to the nuclear grade, the
concordance between the results of CNB and those of surgi-
cal excision in 68 cases was 61% with a « statistic value of
0,26 (Table 2). The remaining 44 cases (39%) were discor-
dant: 33 cases were underestimation at CNB (1-grade discor-
dant; 3] cases, 2-grade discordant; 2 cases), while |1 cases
were overestimation at CNB (all cases were l-grade
discordant).

HistoLoGicar Grape

The histological grade was evaluated in 60 cases that were
identified as invasive carcinoma by both CNB and sub-
sequent surgical excision. There was 75% (45 of 60 cases)

agr (Table 2) with a « statistic value of 0.55. Based
on the results of nuclear grade concordance, in 11 of the 15
discordant cases, the grade at CNB was lower, while in four
cases, the grade at CNB was higher than that in subsequent
surgical excision. However, every disagreement case was
1-grade discordant.

EstroGEN RECEFTOR AND PROGESTERONE RECEFPTOR

At surgical excision, ER wes expressed in 80% (90/112) of
the cases, while PR was expressed in 76% (85/112) of the
cases (Table 3). The absolute concordance rate between the
CNB and the surgical specimen was 95% (106/112) in ER
and 88% (99/112) in PR. When the ER/PR status of the exci-
sional specimen was regarded as the golden standard, the
sensitivity, specificity and positive predictive values of CNB
were 96, 91 and 98% in ER and 89, 85 and 95% in PR,
respectively.

If cases in which at least one of the hormone receptors
(ER or PR) was positive were defined as hormone receptor-
positive cases, the number of discordant cases was seven
(6%). Among these, four cases were negative at CNB but
positive at excision. Three cases were positive at CNB but
negative at excision. There was 94% concordance with a k
statistic value of 0.79. The sensitivity, specificity and posi-
tive predictive values at CNB were 96, 85 and 97%,
respectively.

HER2

HER2 was also evaluated in 60 cases. In 13 (22%) of the
60 cases, HER2 was expressed in the excisional specimen.
There was 88% (53 of 60 cases) agreement with a x statistic
value of 0.65. The sensitivity, specificity and positive predic-
tive values of CNB were 69, 94 and 75%, respectively
(Table 4). In cases where the score was 3+ (strongly posi-
tive) at either CNB or surgical excision, all six cases showed
concordance between the results from CNB and those from
the surgical specimen with respect to discrimination between
positive and negative cases.

Table 2. Comparison of the nuclear grade (pl ) and the histological grade in CNB and surgical excision
CNB Nuclear grade: surgical excision CNB Histological grade: surgical excision
! 1 3 | H] m
1 3 15 2 20 (18%) I n 4 0 15 (25%)
2 3 50 16 71 (63%) u 2 29 7 38 (63%)
3 o0 -] 15 2] (19%) m 0 2 5 T (12%)
8™ 71 (63%) 33 (30%) 112 13 (22%) 35 (58%) 12 (20%) 60

Absolute concardance rate, 61% (6871 12); kappa statistic value, 0.26.

Absolute concordance rate, 75% (45/60); kappa smtistic value, 0.55.



Table 3, Comparison of ER and FR and surgical excision
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CNB ER: surgical excision CNB PR: surgical excision
Positive Negative Positive Negative
Positive 86 2 B8 (79%) Positive 76 4 80 (711%3
Negative 4 20 24 (21%) Negative 9 23 32 (29%)
90 (80%) 22 (20%) 112 85 (76%) 17 (24%) 12

Absolute concordance rate, 95% (1067112); kappa statistic value, 0.84.

ImracT oF THE NeeDLE Size

Table 5 shows the impact of the needle size on several prog-
nostic factors. With respect to the evaluation of the nuclear
and histological grades, in comparison with the 16-gauge
core, the 11-gauge core showed a more marked trend toward
greater accuracy; however, all the factors analyzed in this
study did not reach statistical significance (P = 0.17—0.96).

DISCUSSION

CNB may be a good diagnostic procedure for distinguishing
between in sitn and invasive carcinoma, and this is a great
advantage that CNB hes over FNA. In addition, more infor-
mation can be obtained by immunohistochemical analysis of
the CNB specimen. However, underestimation of the inva-
sion is an unavoidable problem in CNB because the quantity
of the specimen is limited. Several reports have documented
this (13—15). The incidence of underestimation has been
reported to be 19—35% using the 14-gauge core, approxi-
mately 10% using the 11-gauge vacuum-assisted core and
4% using the 8-gauge vacuum-assisted core.

In comparison with the results of earlier studies, our
results show a higher rate (11-gauge vac isted core:
25%, 16-gauge core: 41%) of underestimation of invasion.
Unlike previously published studies, in this study, we per-
formed minute pathological examination (the entire speci-
men was serially sectioned into 5-mm thick slices). This
would explain the higher underestimation of the invasion
rate. The diagnosis of in situ carcinoma is influenced to a

Table 4, Comparison of HER2 in CNE and surgical excision

CNB HER2: surgical excision
Positive Negative
Positive 9 3 12 (20%)
Negative 4 14 48 (50%)
13 (22%) 47 (78%) &0

Absolute concordance rate, 88% (53/60); kappa statistic value, 0.65.
HER2 positive: score 34, 2+ negative: score 14, 0 in the Hercep Test

Absolute concordance rate, 88% (99/112); kappa statistic value, 0.70.

great extent by the degree of pathological examination. The
rate may become higher if even thinner slices are examined.

Therefore, when dealing with a case of in sitv carcinoma
diagnosed at CNB, we should consider the nuclear grade and
comedonecrosis, and the diagnosis should be comprehensive,
involving the use of various types of imaging techniques
(mammography, ultrasonography (US), computed tomo-
graphy (CT) and magnetic resonance imaging (MRI).
Additionally, in this present series, there were four cases
with axillary lymph node involvement. This shows that it is
necessary to perform sentinel lymph node biopsy or lymph
node dissection in some cases, even if the diagnosis at CNB
1s DCIS.

Information on the histological type is important in cases
of invasive breast carcinomas. In 60 cases of invasive carci-
noma that were diagnosed by CNB, our results showed
excellent agreement (97%, 58 of 60 cases) with regard to the
kistological type even when the special types of carcinoma
were included. In the case of invasive carcinomas, a
16-gauge core was sufficient to estimate the histological
type. A recent study indicated (16) that the discordance was
due to the inclusion of special types and variants of invasive
carcinomas. In this series, since there were few incidences of
special types of carcinomas and zll of these showed typical
histological findings, our results may not have been influ-
enced by minor variations. In this study, we evaluated the
nuclear and histological grades of specimens taken at CNB
and compared these with those of specimens taken at

Table 5, Impact of the needle size on prognosiic factors

11G 16G P value

® ACR 3 ACR

(%) (%)
Nuclear grade 0.57 %+ DI8 37 017
Histological grade 1.00 100 0.45 T0 0.47
ER 0.69 90 0.87 96 0.69
PR 0.86 55 0.67 B7 048
HER2 - 100 0.58 86 0.96

ACR, absolute concordance rate; «, kappa statistic value.
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surgical excision. In particular, the histological grade is a
powerful prognostic factor of invasive breast carcinoma.
There are 61% cases with a fair x value (0.26) and 75%
cases with @ moderate x value (0.55). These results are
similar to those reported previously (59-75%) (16-20),

In the discordant cases, the grade at CNB tended to be
lower than that at surgical excision. Previous studies noted
that this tendency of the histological grade was due 1o under-
estimation of the mitotic count at CNB. In this study, under-
estimation of the nuclear grade (pleomorphism) is not
negligible. Similar results were reported in previous studies
(17—19), but the reasons were not described in detail. In the
present study, we also analyzed the impact of the needle size
on the nuclear grade. The « statistic value was calculated to
be 0.57 using an |1-gauge core and 0.18 using a 16-gauge
core. This result indicates that the nuclear grade predicted
using the 11-gauge core tended 1o be more accurate than that
obtained with the 16-gauge core, although a significant
difference was not found between the two needle sizes. One
plausible explanation for this observation is that & stronger
experimental artifact, resulting from the crushing of speci-
mens, occurs when the samples are obtained by the
16-gauge core than when they ars removed by the 11-gauge
vacuum-assisted biopsy device.

The hormone receptor status is also a very important and
independent prognostic factor in breast cancer. In our study,
hormone receptors were accurately evaluated at CNB, An
almost perfect x value (0.84) in ER and a substantial k value
(0.70) in PR were observed. The concordance of PR was
lower than that of ER. This can be associated with the lower
incidence of PR-expressing cells in the whole tumor because
the Allred total score of PR (mean: 4.5) was lower than that
of ER (mean: 5.6). In general, if the result of ER ‘and/or’
PR is positive, endocrine therapy is indicated. Based on this
observation, an extremely high concordance (94%) was
observed in this study, while the needle size had no influ-
ence. If we use a 16-gauge needle, the core could be reliably
used for the assessment of the hormone receplor status.

Although the immunohistochemical staining results for
ER/PR at CNB may be reliable for determining therapeutic
indications, seven discordant cases (6%) were observed.
There were four cases that were CNB-negative and excision-
positive and three cases that were of the opposite type. The
characteristics of the former cases are mainly due to intra-
tumoral heterogeneity. In the latter cases, only the area of
the CNB specimen was positive and some investigators (21—
22) have noted that such situations could exist because of
more tapid and constant fixation. Douglas-Jones et al. (23)
suggested that ER expression was higher in the CNB than in
the excised tumors. ER expression was higher at the periph-
ery of tumors than at the center. The higher ER expression
in CNB might reflect the greater possibility of the peripheral
part of a tumor being sampled when CNB is performed. As
long as these cases exist, routine immunostaining of speci-
mens at CNB will have great significance in determining the
indications of endocrine therapy, Especizlly when we

determine post-operative systemic therapy in the cases given
neo-adjuvant therapy, the results determined by the speci-
mens from core needle biopsy will be more important than
those from surgery, which are denatured by pre-operative
therzpy, With regard to the HER2 status, the diagnostic accu-
racy (particularly the seasitivity) of CNB was relatively low
when compared to that of the hormone receptor status,
Conversely, CNB demonstrated excellent sensitivity in cases
where the score was 3+. This result is clinically useful in
metastatic or inoperable patients. In contrast, cases with a
score of 2+ or 1+ should be regarded as indeterminate,

In ¥, the underestimation rate for detecting inva-
sion was higher in this study than in previous reports; this is
probably due to more precise examination of the excised
specimen. Even if a thicker core is used, the problems
cannot be completely resolved. If invasive components are
detected among the CNB specimens, they can provide
reliable information on the histological type, in spite of the
use of a thin (16-gauge) needle. The 2ccuracy with which
the nuclear/histological grade is estimated is modest and it
may be improved by optimizing the needle size and/or
noting the nuclear/histological characteristics of the CNB
specimen. Hormone receptor evaluation is accurate, even
when the single 16-gauge core is used. Determination of the
HER2 status in CNB was reliable only in cases where the
score was 3+, In order to obtain information on the charac-
teristics of the target lesions, it is necessary to choose a
needle of appropriate size. Although CNB has performance
limitations, it can provide reliable prognostic factors. It
would be worthwhile using the information obtained from
CNB in clinical practice.
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Gene silencing associated with aberrant DNA methylation of
promoter CpG islands is one mechanism through whith several
genes may be inactivated in human cancers. Cyclin D2, a member of
the D-type cyclins, implicated in cell cycle regulation, differentiation
and malignant transformation, is inactivated due to aberrant
DNA methylation in several human cancers. In the present study,
we e ined the pr thylation status and expression of
Cyclin D2 in human epithelial ovarian cancer, and then deter-
mined the relationship between methylation status and various
clinicopathological variables. Twelve ovarian cancer cell lines
and 71 surgical speci were ined by methylation-specific
polymerase chain reaction and quantitative reverse transcription-
polymerase chain reaction to evaluate the methylation status
and expression of the Cyclin D2 gene. The relationship between
methylation status and various clinicopathological variables was
evaluated using statistical analysis. Aberrant methylation of Cyclin
D2 was present in five of 12 ovarian cancer cell lines and 16 of 71
primary ovarian cancer tissues. In five cell lines with methylation,
expression of the Cyclin D2 gene tended to be lower than in cell lines
without methylation. In ovarian cancer tissues, methylation bands
were detected in 16 of 71 cases. The methylation status of Cyclin D2
was assoclated with advanced stage and a residual tumor size
(>2 cm) (P = 0.027 and P = 0.031, respectively). Based on univariate
analysis, patients with aberrant methylation of the Cyclin D2
promoter had a significantly worse chance of disease-free survival
than those without methylation (P = 0.021). Our results suggest that
aberrant promoter methylation of the Cyclin D2 gene is significantly
associated with patient prognosis in epithelial ovarian cancer.
(Cancer Sci 2007; 28: 380-386)

pithelial ovarian cancer is the most common and deadliest
gynecological malignancy in developed countries. Early
stages of ovarian cancer are generally asymptomatic and difficult
to detect. By the time clinical diagnosis is made, most patients
have widespread tamor dissemination.”’ Despite a high response
rate to first-line chemotherapy, the prognosis of these women is
poor, with an overall 5-year survival rate of only 10-20%./
Epigenetic alterations, changes that affect gene expression but
not the gene sequence itself, are believed 10 be one mechanism
by which tumor suppressor genes are inactivated in human can-
cers.®#! In particuler, hypermethylation of cytosine residues in
CpG islands leads to heritable gene silencing via the formation
of a repressive chromatin structure,*# Studjes of DNA hyper-
methylation in human ovarian cancer have identified some key
genes as largets for epigenetic downregulation, including some
hormone receptors,”’ cytokines, cell signaling intermediates,
adhesion molecules,™ DNA damage checkpoint genes,” and
regulators of the cell cycle.'"” The cell cycle regulators, notably
the cyclins, have the potential to function as oncogenes when
regulated ineppropriately.

Cancer Scl | March2007 | vol.98 | no.3 | 3B0-386

The cycling are a family of proteins that dictate transitions
between phases of the cell cycle by regulating the activity of
their downstream effectors, the cyclin-dependant kinases (cdk).
The D-type cyclins, D1, D2 and D3, play a critical role in early
checkpoint regulation of the G, phase of the cell cycle. They
activate cdk4 and cdké, leading to the phosphorylation of the
retinoblastoma rumor suppressor protein (Rb). This, in tum, dis-
sociates Rb from the transcription factor E2F, thereby permit-
ting DNA transcription. Given the critical role of the D-type
cyclins in cell cycle regulation, their abnormal or untimely
expression could disrupt the normal cell cycle, resulting in cell
proliferation.”"” In fact, Cyclin D1 is considered by some to be
a putative protooncogene, as it is overexpressed in a number of
umor types, including breast cancer, thyroid carcinoma, stom-
ach cancer and lymphomas."® Aberrant expression of Cyclin D2
has also been demonstrated in human ovarian grmnlosc cell
tumors and testicular germ cell rumor cell lines.t"”!

Although well known for their proliferation-promoting activ-
ity, the D-type cyclins (notably D2) also have growth-inhibitory
effects. Cyclin D2 has been shown to be dramatically upregu-
lated under conditions of growth arrest in human and murine
fibroblasts. Furthermore, transient overexpression of Cyclin D2
efficiently inhibits cell cycle progression and DNA synthesis,
This suggests that an altemnative role for Cyclin D2 may be to
promote exiting from the cell cycle and maintenance of a non-
proliferative state." The expression of Cyclin D2 is frequently
lost in human breast cancers, gastric cancers, lung cancers and
ovarian granulose cell tumors. This Joss of expression is the
result of promoter hypermethylation, 101419

In the present study, we examined the promoter methylation
status and gene expression of Cyclin D2 in human epithelial
ovarian cancer cell lines. We also evaluated the correlation
between methylation status of the Cyclin D2 promoter and var-
ious clinicopathological parameters in patients with epithelial
OVarian cancer,

Materials and Methods

Cell lines. Twelve ovarian carcinoma cell lines were used.
OVCAR3, SKOV3 (both adenoarcinomas), Caov3, OV90 (both
serous adenocarcinoma), TOV21G, ES2 (both clear cell
adenoca.rcinoma) and TOV112D (endometrioid adenocarcinoma)

ere purchased from American Type Culture Collection. JHOS2,
JHOSB HTOA (all serous adenocarcinoma), OMC3 (rnuc:nous
adenocarcinoma) and JHOCS (clear cell adenocarcinoma) were
purchased from Riken Cell Bank (Tsukuba). Cell lines were
maintained in DMEM/F12 medium (Invitrogen), supplemented
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with 10% fetal bovine serum and 1% penicillin/streptomycin
(Invitrogen), and incubated in a 5% CO, atmosphere at 37°C,

Surgical specimens and clinical data. The research protocol was
approved by the Ethics Committee of Tohoku University
Graduate School of Medicine, Sendai, Japan. We examined
71 ovarian cancer specimens obtained from patients treaied
between 1988 and 2002 at Tohoku University Hospital, Sendai,
Japan. All specimens were retrieved from the surgical pathology
files at Tohoku University Hospital. Informed consent was
obtained from each patient. Specimens were fixed in 10%
formalin and embedded in paraffin. Patient age, performance
status on admission, histology, stage, grade, residual tumor
after primary surgery, and overall survival were obtained from a
chart review. The median follow-up time for patients was 59
months (range, 4-120 months). Performance status was defined
according to the WHO criteria.""® Histology, stage and grading
followed the FigO criteria.”® Residual rumor was defined as the
amount of unresectable umor left following primary volume
reductive surgery. Optimal volume reduction was achieved when
the residual mumor was less than 2 cm. Patients with a residual
tumor greater than 2 cm were considered to have suboptimal
volume reduction. Overall survival was calculated from the time
of initial surgery to death or the date of the last contact, Survival
times of patients still alive or lost to follow-up were censored as
of December 2002.

An ovarian tissue obtained from a 50-year-old woman
who had received surgical treatment for benign uterine tumor
was used as a normal ovarian ftissue for methylation-specific
polymerase chain reaction (MSP) and reverse transcription—
polymerase chain reaction (RT-PCR).

Methylation-specific polymerase chain reaction. The methylation
status of the samples was assessed using MSP as described
previously.®" Genomic DNA from ovarian cancer cell lines was
extracted using the AquaPure Genomic DNA kit (Bio-Rad).
Genomic DNA from ovarian tumor specimens was extracted
from paraffin blocks. For each tissue, the presence of carcinoma
was confirmed on a H&E stained section. For DNA extraction,
three 5-pum tissue sections from the same block were scraped
from the slide and wreated with Dexpat (Takara). The quality and
integrity of the DNA were evaluated in terms of the ratio.
Genomic DNA (1 pg) was treated with sodium bisulfite using
a CpGenome DNA modification kit (Intergen) according to
the manufacturer’s protocol. Amplification was conducted in a
20-pL reaction volume containing 2 gL of 10x ExTaq buifer,
1.5 uL of 2.5 mM MgCl,, | mM of each primer, 1.5mL of
25mM dNTPs, and 1 unit of Takara ExTaq polymerase
(Takara). The reaction was cycled for 40 cycles, each of which
consisted of denaruration at 95°C for 30 s, annealing at 56°C for
30s, and extension at 72°C for 45s, followed by a 7-min
extension at 72°C. The primers used were 5-AGAGTAT-
GTGTTAGGGTTGATT-3 and 5-ACATCCTCACCAACCCTCCA-
3" (~1431 to -1326, 106-bp) for the unmethylated reaction (U),
and 5-GGCGGATTTTATCGTAGTCG-3" and 5-CTCCAC-
GCTCGATCCTTCG-3’ (—1404 1o —1304, 101-bp) for the methyl-
ated reaction (M)."" Universal unmethylated human genomic
.DNA (Intergen) was used as a positive control for the unmethy-
lated reaction. Universal methylated human male genomic DNA
(Intergen) was used as a positive control for the methylated
reaction. Reaction products were separated by electro-
phoresis on 3% agarose gel, stained with ethidium bromide,
and visualized under ultraviolet light.

Quantitative RT-PCR. Total RNA was isolated from cells by
phenol—chloroform extraction using Isogen reagent (Nippon
Gene). RNA was treated with RNase-free DNase (Roche
Diagnostics; | pg/ul) for 2h at 37°C, followed by heat
inactivation at 65°C for 10 min. Total RNA (5 pg) was rever-
sed transcribed using the Superscript 11 first-strand synthesis
system (Invitrogen) with random hexamers according to the
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manufacturer's protocol. Quantitative polymerase chain reaction
{PCR) was carried out using an iCycler system (Bio-Rad). For
the determination of Cyclin D2 ¢cDNA content, a 25-uL reaction
mixture consisting of 23 pL iQSYBR Green MasterMix, 1 UL
of each primer and 1 pL of ¢cDNA template was cycled as
follows: 2-min denaturation at 90°C, 30-s annealing at either
60°C (for Cyclin D2) or 62°C (for B-actin), and 1.5-min
extension at 72°C. Primers for PCR reactions were as follows:
Cyelin D2-F, 5 TACTTCAAGTGCGTGCAGAAGGAC-3’ and
Cyclin D2-R, 3-TCCCACACTTCCAGTTGCGATCAT-3,*
and B-actin-F, 5-CCAACCGCGAGAAGATGAC-3" and
B-actin-R, 5-GGAAGGAAGGCTGGAAGAGT-3"*" B-Actin
primers were utilized as an internal positive control and Cyclin
D2 expression level was calculated by dividing the quantity
obtained for Cyclin D2 by the quantity obtained for B-actin.
Two independent RT-PCR reactions were carried out for each
sample.

5-Aza-2-deoxycitidine and trichostatin A treatment. To confirm
that epigenetic change contributed to loss of Cyclin D2 gene
expression, we assessed the effect of 5-aza-2'-deoxycitidine
(5azaC) (Sigma), a demethylating agent, and trichostatin A
(TSA) (Sigma), a histone deacetylase inhibitor, on Cyclin D2
mRNA expression and cell growth of ovarian cancer cell lines
by quantitative RT-PCR and cell count, respectively.

Ovarian cancer cell lines (OMC3, OVCAR3, JHOS2, JHOCS
and SKOV3) were cultured at a point of 70% confluence in 10-
cm cell dishes, They were treated with 1.0 uM 5azaC for 3 or 5
days. They were also treated with 0.5 tM TSA.%3! We set up
TSA treatment times of 4, 8, 16 and 32 h, and the treatments for
8 and 16 h appeared the most effective for gene expression com-
pared to control culure (data not shown). Total RNA was pre-
pared at each time point and the expression of Cyclin D2
mRNA was analyzed by quantitative RT-PCR. Furthermore, we
investigated the effects of these chemical agents on cell growth
of ovarian cancer cell lines by cell count at each time point.

Immunohistochemistry. For the purpose of investigating cell
proliferation we examined the immunohistochemical expression
of Ki-67 in ovarian cancer tissue. Immunohistchemical analysis
was carried out with the streptavidin-biotin amplification
method using the NX/ES IHC system (Ventana Medical
Systems). Monoclonal antibody for Ki-67 (MIB-1) was
purchased from DAKO. For antigen retrieval, the slides ware
heated in an autoclave at 120°C for 5 min in citric acid buffer
(2mM citric acid and 9mM trisodium citrate dyhydrate
[pH 6.0]). The dilution of primary antibody was 1:50. Scoring
of Ki-67 in carcinoma cells was counted independently by
two of the authors (M. S, and J.A)), and the percentage of
immnunoreactivity in at least 500 carcinoma cells (i.e. the
labeling index) was determined.

Statistical analysis. Statistical analysis was carried out using
Stat View 5.0 software (SAS Institute). The correlation between
the Cyclin D2 mRNA expression level and methylation status
was assessed using the Mann-Whitney U-test. The statistical
significance between methylation status and various clinico-
pathological parameters was evaluated using Friedman’s y*
r-test and the Mann-Whitney U-test. A univariate analysis of
prognostic significance for prognostic factors was carried out
using the log-rank test after each survival curve was obtained by
the Kaplan-Meier method. Multivariate analysis was carried out
using the Cox regression model to evaluate the predictive power
of each variable independently. All patients who could be
assessed were included in the intention-to-treat analysis. A result
was considered significant when the P-value was less than 0.05.

Results

Methylation status of the Cyclin D2 gene in ovarian cancer cell lines
and tissues. Bands corresponding o methylated Cyclin D2 were
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Table 1, Patient characteristics and cyclin D2 methylation status
Cyclin D2 methylation
Variable n ————— P-value
> "
Age (years)
<50 29 B 21 276
=50 42 B 34 19 NS
Performance status'
-1 51 g 42 17.6
2-4 13 7 12 36.8 NS
FigQ stage
I 35 4 n 2.9
m, v 36 12 24 333 0.027
Histological type of adenocarcinoma
Serous 26 ] 20 231
Endometricld 15 3 12 20
Mucinous 7 3 4 75
Clear cell 23 a 19 17.4 NS
Grade
1 24 5 19 20.8
2 22 7 15 ns
3 17 3 14 176 NS
Residual tumor size (cm)
<2 47 7 40 149
22 24 9 15 s 0.031
Ki-67 labeling index (median) 218 236 204 NS

0, asymptomatic and fully active; 1, symptomatic, fully ambulatory,

restricted In physically strenuous activity; 2, symptomatic, ambulatory,
capable of self-care, more than 50% of walking hours are spent out of
bed; 3, symptomatic, limited sélf-care, more than 50% of time Is spent
in bed, but not bedridden; 4, completely disabled, no seif-care, bedridden.

detecred in five of 12 cell lines, three of which also contained
the unmethylated band, as shown in Fig. I. The methylated band
was detected in two of five cell lines derived from serous
adenocarcinoma (Caov3, OV20), in one of three cell lines from
clear cell carcinoma (ES2), in the one mucinous adenocarcinoma
(OMC3), but not in the endometrioid adenocarcinoma. The
normal ovarian tissue was negative for the methylated band.
The methylated band was detected in 16 of the 71 surgical
specimens (6/26 serous, 4/23 clear cell, 3/15 endometrioid and
3/7 mucinous adenocarcinoma), as shown in Table 1.
Expression of the Cyclin D2 gene in ovarian cancer cell lines and
normal ovarian tissue. The expression of the Cyclin D2 gene in
the cell lines is presented in Fig. 2. Quantitative RT-PCR was
carried out and the ratio of Cyclin D2 to f-actin was calculated
to allow for comparison among the cell lines. The median value
of relative Cyclin D2 gene expression in cell lines with

382
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Fig. 1. Methylation status of the Cyclin D2 gene
in ovarian cancer cell lines and @ normal ovarian
tissue. The 101-bp bands in the 'Methylated'
lanes indicate the presence of methylated
alieles of the Cyclin D2 gene. The 106-bp bands
in the ‘Unmethylated’ lanes correspond to
the unmethylated alleles. Methylation status is
denoted as follows: +, methylated alleles with
or without unmethylated alleles; - purely
unmethyisted alieles. M-DNA, universal methylated
human male genomic DNA, was used for poshive
control of methylated reaction. U-DNA, universal
unmethylsted fetal genomic DNA, was used for
positive control of unmethylated reaction.

ovanan lhissue

Naormal

methylation (0.015) tended to be lower than that in cell lines
without methylation (0.03), although the difference was not
significant (P = 0.19, Mann-Whitney U-test). The expression
level of the Cyclin D2 gene in normal ovarian lissue was
relatively high compared with ovarian cancer cell lines.

Effects of SazaC and TSA treatment on methylated cell lines. To
confirm that promoter methylation contributed to the loss of
Cyclin D2 gene expression, we assessed the effect of 5azaC, a
demethylating agent, on Cyclin D2 mRNA expression by
quantitative RT-PCR. OMC3 and OVCAR3 cells, which were
positive for the methylated band in MSP, were treated. From
MSP analysis OMC3 had only methylated zlleles, but OVCAR3
had both methylated and unmethylated alleles. We also assessed
the effect of TSA, a histone deacetylase inhibitor, to investigate
whether another epigenetic change, histone deacetylation,
contributed to the silencing of Cyclin D2 gene expression.
Treatment of OMC3 cells with SazaC for 5 days led 10 2 2.64-
fold increase in expression (Fig. 3a). Treatment of OVCAR3
cells with 5azaC for 5 days resulted in a 222-fold increase in
expression (Fig. 3b). Treatment with TSA also contributed to re-
expression of the Cyclin D2 gene in OMC3 and OVCARS3 cells
(2.3-fold and 119-fold, respectively) (Fig.3). These results
suggested that the decreased expression of Cyclin D2 in these
cell lines was related fo epigenetic change, including DNA
methylation or histone deacetylation.

The effects of SazaC and TSA on cell growth are summarized
in Fig. 4. Compared with cell growth in control culture, cell
growth with 52zaC or TSA treatment was suppressed in each
culrure. These chemical agents resulted in inhibition of cell
growth in these ovarian cancer cell lines simultaneous with
re-expression of the Cyclin D2 gene.

Effects of 5azaC and TSA treatment on unmethylated cell lines.
In the MSP and quantitative RT-PCR analyses, expression of
the Cyclin D2 gene was decreased in some cell lines without
promoter methylation. We assessed the effect of 5azaC or TSA
treatment in these cell lines (JHOS2, JHOCS and SKOV3) to
investigate the participation of epigenetic change in the
silencing of this gene. Treamment of JHOS2 cells with TSA
resulted in higher re-expression than treatment with 5azaC
(Fig. 5a). Treatment of JHOCS cells with TSA for 16 h resulted
in an 84.4-fold increase in expression, and treatment with
5azaC also led to a 137-fold increase in expression (Fig. 5b).
As for SKOV3 cells, treatment with TSA did not increase
the expression of this gene. These results suggest that histone
deacetylation may contribute to silencing of the Cyclin D2 gene
in JHOS2 and JHOCS cells, but not in SKOV3.

Correlation between dinicopathological parameters and methylation
status of Cyclin D2 in epithelial ovarian cancer, The clinicopathological
parameters relative to the methylation status of Cyclin D2 are
presented in Table 1. Methylation starus was significantly
associated with advanced stage and residual tumor size >2 cm,
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Fig. 3. Expression level of the Cyclin D2 gene as determined by
quantitative reverse transcription—polymerase chain reaction in OMC3
and OVCAR3 cells following treatment with (a) 5-aza-2"-deoxycitidine
(SazaC) or (b) trichostatin A (TSA). The ratio of Cyclin D2 : f-actin was OoMCa OVCAR3

calculated and normalized with the level before treatment.

There was no association between methylation status and
age, performance status, histological type, histological grade or
Ki-67 labeling index

The results of the univariate analysis of prognostic signifi-
cance for each variable with respect to survival are summarized
in Tables 2 and 3. Of the clinicopathological parameters evalu-
ated, performance status, stage, histological grade and residual

Sakuma eral

Fig. 4. Cell number of OMC and OVCAR3 cells following treatment
with (a) 5-aza-2-deoxycitidine (SazaC) or (b) trichostatin A (TSA)
*Control treatment with medium alone.

tumor size were significantly associated with disease-free and
overzall survival. The methylation status of Cyclin D2 was sig-
nificantly associated with disease-free survival; the cases with
methylation had significantly worse rates of disease-free sur-
vival than those without methylation (Fig. 6, P=0.021). With
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{a) JHOS2 Table 2. Univariate analysis of disease-free survival
250 38
5azaC TSA Variable Pvalue
; 200 ——  Cyclin D2 methylation status 0.0212
< 157 Age 0.6657
Z 150 | — Performance status <0.0001
ué- FigO stage 0.0001
g 100 Histological type 0.4709
c Grade 0.1332
3’" 50 Residual tumor 0.0008
Day 0 Day 3 Day 5 Qhr Bhr 16hr Table 3. Univariate analysis of overall survival
b) JHOCS Variable Pvalue
0 Cyclin D2 methylation status 0.0525
= SazaC TSA Age 0.4195
§ 200 Performance status 0.0003
= FigO stage 0.0003
= Histological type 0.0637
= Grade 0.1083
g Residual tumor 0.0016
=
2 -
(6]
1 4
Day 0 Day 3 Day5 Oht Bhr 16hr
= 0.8 1 Unmeathylated cyclin D2
© SKOV3 g ]
> » 08
5azaC T5A 2
o P=0.021
s 200 2
= § 0.4 4
E 150 2 Methylated cyclin D2
E O 0.2 4
8 100
£ 04
S 50 _
184 16 0 20 40 60 80 100 120 140 180 180
_ — 195 o
0 Tima (months)
Day 0 Day 3 Day 5 Ohr Bhr 168hr
Fig. 6. Association between Cytlin D2 promoter methylation status
Fig. 5. Expression level of the Cyciin D2 gene as determined by  and disease-free survival In patients with epithelial ovarian cancer.

quantitative reverse transcription-polymerase chain reaction in (a)
JHOS2, (b) JHOCS and () SKOV3 cells following treatment with S-aza-
2-deoxycitidine (SazaC) or trichostatin A (TSA). The ratio of Cyclin
D2 p-actin was caleulated and normalized with the level befora
treatment.

regard to overall survival, methylated cases had a worse progno-
sis than unmethylated cases, but the difference was not signifi-
cant (Fig. 7; P =0.063). In multivariate analysis, methylation
status of cyclin D2 rurned out not to be an independent pro-
gnostic factor (data not shown).

Discussion

Aberrant promoter methylation is found in many types of
human cancer and is a common mechanism for transcriptional
inactivation of various genes, including tumor suppressor genes,
DNA repair genes, cell cycle regulatory genes and apoptosis-
related genes. In the present study, we determined the Cyclin D2
promoter methylation status of several ovarian cancer cell lines
and ovarian cancer surgical specimens, measured the levels of
Cyclin D2 gene expression in ovarian cancer cell lines and

1 4

0.8 1
E Unmethylated cyclin D2
i:: 0.8 5
% P=0063
5 04+
>
=} Methylated cyclin D2

0.2 4

Q_

0 20 40 60 80 100 120 140 160 180
Time {months)

Fig. 7. Association between Cyclin D2 promoter methylation status
and overall survival in patients with epithelial ovarian cancer.
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linked the methylation status of the Cyclin D2 promoter to
various clinical and pathological variables in ovarian cancer
patients.

From MSP and quantitative RT-PCR analysis, there was a
trend towards a reduction in gene expression in the presence of
hypermethylation; however, this association was not significant,
and it was suggested that expression of the Cyclin D2 gene in
ovarian cancer cell lines, as a whole, was considerably low in
comparison with that in normal ovarian tissue. There was an
increase in Cyclin D2 gene expression following the SazaC
reatment of cell lines with promoter methylation of the Cyclin
D2 gene in MSP. However, TSA or 5azaC treatment of the cell
lines without methylation in MSP resulted in re-expression of
the Cyclin D2 gene. Together with these findings, it is suggested
that some epigenetic changes, including promoter methylation
or histone deacetylation, might contribute to silencing of the
Cyclin D2 gene in epithelial ovarian cancer cell lines. The
re-expression by treatment with 5azaC in the unmethylated cell
lines JHOS2 and JHOCS suggests that the Cyclin D2 gene may
be secondary re-expressed owing to activating other suppressed
gene by promoter methylation with treatment of 5azaC, or there
is a possibility that aberrant methylation did exist but in a dif-
ferent region of the Cyclin D2 promoter to that which we ana-
lyzed. Further investigation and data regarding the acetylation
status of histones, a different DNA methylation analysis to deci-
pher the MSP results, and DNA methylation of the transcription
factor of Cyclin D2 are needed to supplement our hypothesis.

Epithelial ovarian cancer cell growth following treatment
with 5azaC or TSA was suppressed in OMC3 and OVCARS3 cell
lines, Treatment with these chemical agents resulted in inhibi-
tion of cell growth as well as re-expression of the Cyclin D2
gene, However, another tumor suppressor gene was also re-
expressed by these treatments, and these chemicals could have
cell toxicity in itself>*, The present data suggests that 5azaC
and TSA could be therapeutic agents targeting epigenetic
changes in epithelial ovarian cancer, and epigenetic gene silenc-
ing of the Cyclin D2 gene could used as a marker of tumor
growth,

The D-type cyclins are early checkpoint regulators at the G,
phase of the cell cycle. Although well known for their prolifer-
ation-promoting activity, the D-type cyclins also have growth-
inhibitory effects."® Thus, decreased expression of Cyclin D2
could result in abnormal cell proliferation and contribute to
malignant transformation. Indeed, Cyclin D2 gene silencing sec-
ondary to DNA promoter methylation has been demonstrated in
several human cancers."'*'"* Cyclin D2 promoter hypermethyl-
ation has also been detected in nearly half of breast cancers and
is associated with gene silencing. Cyclin D2 hypermethylation
has also been demonstrated in small cell and non-small cell lung
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Abstract

Effects of aromatase inhibitors (Als) on the human skeletal system due to systemic estrogen depletion are becoming clinically important due to
their increasing use as an adjuvant therapy in postmenopausal women with breast cancer. However, possible effects of Als on human bone cells
have remained largely unknown. We therefore studied effects of Als including the steroidal Al, exemestane (EXE), and non-steroidal Als,
Aromatase Inhibitor I (AI-T) and aminoglutethimide (AGM), on a human osteoblast. We employed a human osteoblast cell line, hFOB, which
. maintains relatively physiological status of estrogen and androgen pathways of human osteoblasts, i.e., expression of aromatase, androgen receptor
(AR), and estrogen receptor (ER) p. We also employed osteoblast-like cell lines, Saos-2 and MG-63 which expressed aromatase, AR, and ERa/f}
in order to further evaluate the mechanisms of effects of Als on osteoblasts. There was a significant increment in the number of the cells following
72 h treatment with EXE in hFOB and Saos-2 but not in MG-63, in which the level of AR mRNA was lower than that in hFOB and Szo0s-2.
Alkaline phosphatase activity was also increased by EXE treatment in hFOB and Saos-2. Pretreatment with the AR blocker, flutamide, partially
inhibited the effect of EXE. Al-I exerted no effects on osteoblast cell proliferation and AGM diminished the number of the cells. hFOB converted
androstenedione into E2 and testosterone (TST). Both EXE and AI-I decreased E2 level and increased TST level, In a microarray analysis, gene
profile patterns following treatment with EXE demonstrated similar patterns as with DHT but not with E2 treatment. The genes induced by EXE
treatment were related to cell proliferation, differentiation which includes genes encoding cytoskeleton proteins. We also examined the expression
levels of these genes using quantitative RT-PCR in hFOB and Saos-2 treated with EXE and DHT and with/without flutamide. HOXD11 gene
known as bone morphogenesis factor and osteoblast growth-related genes were induced by EXE treatment as well as DHT treatment in both hFOB
and Saos-2. These results indicated that the steroidal aromatase inhibitor, EXE, stimulated hFOB cell proliferation via both AR dependent and
independent pathways.
© 2006 Elsevier Inc. All rights reserved.
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Introduction

Results in various epidemiological or clinical studies
demonstrated that estrogens play important protective roles in
human skeletal as well as cardiovascular systems, and estrogen
deficiency resulted in accelerating the development of osteo-
porosis in postmenopausal women [1-3]. In breast cancer of

* Comesponding author. Fax: +81 22 273 5976.
E-mail address: hsasano(@patholo2. med tohoku.ac. jp (H. Sasano).

8756-3282/3 - see front matter © 2006 Elsevier Inc. All rights reserved.
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postmenopausal women, hormone therapies without any
clinically deleterious effects due to estrogen deficiency on
bone metabolism as well as lipid metabolisms are preferable.
Estrogen deficiency has been generally detected in the patients
with breast cancer following chemotherapy induced ovarian

" failure, gonadotropin analogue, and aromatase inhibitors (Als)

therapy [4]. Aromatase is the pivotal enzyme of in sifu or
intratumoral estrogen biosynthesis in postmenopausal breast
cancer patients, and catalyzes the conversion from androgens
into estrogens (Fig. 1A). Als therefore play an important role in
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Fig. 1. (A) Summary of the pathway of estrogens and androgens production.
Aromatase catalyzes the change from and dicne (A4) and
(TST) into (El) and diol (E2), respectively. 17HSD, 17p-
hydroxysteroid dehydrog SREDs, Sa-reductase types | and 2; AR,
androgen receplor; DHT, Sa-dihydrotestosterone; ER, estrogen receptor. (B)
Stn of inhibitors used in this study. Androstenedione s a natural

substrate of aromatase. Sieroidal sromatase inhibitor, exemestzne has an
endrostenedione-like structure.

clinical management of both primary and advanced breast
cancer in postmenopausal women [S]. Als are classified into
two classes according to their modes of action. Type I Als are
steroidal inhibitions and one of them, exemestane (EXE)
inhibits aromatase irreversibly and has an androstenedione
(As)-like structure (Fig. 1B) [5-7). Type O Als are non-
steroidal inhibitions and include aminoglutethimide (AGM),
anastrozole, and letrozole [5].

Results of in vive study using ovariectomized (OVX) rats
demonstrated that EXE and its principal metabolite form, 17-
hydroexemestane (17H-EXE) but not letrozole significantly
prevented bone loss in OVX rats [8,9]. EXE and its principal
metzbolite, 1 7TH-EXE, are structurally related to A, and bind to
androgen receptor (AR) with relatively low affinity compared to
Sa-dihydrotestosterone (DHT) [7]. These finding suggest that
EXE may demonstrate protective effects toward bone tissues
through its androgenic actions. However, detailed mechanisms
of effects of EXE or androgen itself on human bone cells have
remained largely unknown.

Various studies using human or animal bone tissues [10,11]
and osteoblast cell culture using osteosarcoma cells [12,13]
demonstrated that aromatase mRNA or protein was detected in
osteoblast cells, which play an important role in bone
remodeling. Therefore, in this study, we focused on effects of
EXE in human osteoblast in an initial attempt to evaluate the
effects of these Als (summarized in Table | and Fig. 1B) [5-
7,14], including AGM, EXE, and an experimental compound
for inhibition of aromatase, Aromatase Inhibitor I (AI-I) [14] on
human osteoblast and osteoblast-like cell lines. In our present
study, we employed normal human cell line, hFOB, which
maintains native characteristics of sex steroid hormone pathway
of human osteoblasts, i.e., expression of AR, ER( but not ERa,
and aromatase. We also employed other osteoblast-like cell
lines, Saos-2 and MG-63 which expressed ERa as well as ER@
in order to further study the mechanisms of effects of Al on
human osteoblasts. We first examined the effects of estradiol
(E2), DHT, progesterone (Prg), and Als described above on cell
proliferation of these cell lines, because the status of cell
proliferation is important in the maintenance of homeostasis of
bone tissue [15]. In addition, the effects of Als on the
conversion ratio of A into E2 or testosterone (TST) in hFOB
cultured medium were examined. We then screened E2, DHT,
and EXE responsive genes using a microarray analysis in these
cells, in order to further characterize the possible genomic
effects of EXE on cell proliferation of osteoblasts, In this
microarray analysis, hFOB was employed in order to examine
the effects of E2, DHT, and EXE on native status of human
osteoblasts but not on pathological status of osteoblasts such as
ostepsarcomas,

Mauleriuls and methods

Chemicals

Exemestane (EXE; FCE24304; 6-methyleneandrosta-1,4-diene-3,17-dione)
and 17-hydroexemestane (17H-EXE; FCE25071; 6-methyleneandrosta-1,4-
diene-17R-0l-3-0ne) were obtained from Pfizer, Inc. (M1, USA). Aminoglu-
tethimide (AGM) and Aromatase Inhibitor 1 [Al-l; 4-{lmidazolylmethyl}-1-
nitro-9H-9-xanthenone] were obtained from Sigma-Aldrich Co. (MO, USA) and
EMD Biosciences, Inc, (CA, USA), respectively. Estradiol (E2), progesterone
(Prg), and RU38,486 (RU; mifepristone), spironolactone were obtained from
Sigma-Aldrich. ICI 182,780 (ICI; fulvestrant) and hydroxyflutamide (OHF)
were obtained from Tocris Cookson Inc. (MO, USA) and Toronto Research
Chemicals, Inc. (Ontario, Canada), respectively. Sa-dihydrotestosterone (DHT)
was obtained from Wako Pure Chemical industries, Lid. (Osaka, Japan).

Table |
Aromatase inhibitors used in this study
Aminoglutethimide  Exemestane  Aromatase inhibitor 1

Trademark®  Cytadren® Aromasin® -
Type® Type I Typel Type I
Genertion First Third -

IC50 (nM)® 3000 50 40

* Cytadren® is trademark of Novartis Pharmaseutical Corporation. Aromasin®
is trademark of Pfizer Inc. Aromatase Inhibitor I is non-clinical compound of
Calbiochem®.

® Type 1 is steroidal compound. Type Il is a non-steroidal compound.

¢ Refs, Aminoglutethimide and E are Miller et al. [5]; Aromatase
Inhibitor 1 is Recanatini et al. [14].
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These materials were dissolved in pure ethanol (Wake Pure Chemical
industries) and serially diluted (final concentrations: 107" M 10 107% M),
respectively. AGM was dissolved in DMSO (Wako Pure Chemical industries).
The final concentration of ethanol and DMSO used in this study did not exceed
0.05%.

Osteoblast cell and osteoblast-like cell lines and culture conditions

Human normal osteoblast cell, hFOB 1.19 cell line (CRL-11372) was
obtained from American Type Culture Collection (VA, USA). hFOB 1.19 cell
was cultured according 10 the protocol previously described [16]. The cell line
was maintained in a mixture of Dulbecco’s Modified Eagle Medium and Ham's
F12 medium (1:1) without pheno! red (Invitrogen Corporation, CA, USA)
supplemented with 10% fetal bovine serum (FBS; JRH Biosciences, KS, USA)
and 50 mg/mL G 418 sulfare (EMD Biosciences). Human osteosarcoma cell
lines Saos-2 and MG-63 were provided from the Cell Resource Center for
Biomedical Rescarch, Tohoku University (Sendai, Japan) and were maintained
in @ RPMI-1640 (Sigma-Aldrich) with 10% FBS. These cells were pre-
incubated for 24 h with FBS-free medium prior to examination in order to
remove exo-fendogenous steroid hormones from the culture medium and study
the effects of various pounds in the ab of ids and also to
synchronize the cell cycle. Different concentrations of test compounds were

humm prostate cancer, LNCaP obtained from Cell Resource Center for

dical R h, Tohaku University (Sendai, Japan). Alkaline phosphatase
(ALP), &n osteoblast-specific marker, was also studied using RT-PCR for
characterization of these cell lines.

Estradiol and testosterone production assay

hFOB cells were plated in 10 mm dishes at a density of 10° viable cells and
cultured for 48 h. Then media were changed to FBS-fres medium, and hFOB
cells were incubsted with 1077 M androstenedione (A,; Sigma-Aldrich) in the
presence or absence of EXE or Al (1077 M), The media were then collected
after 24 b, and E2 and TST were measured by solid-phase radioimmunoassay.
Radioimmunoassay was performed in SRL Ine. (Tokyo, Japan) using DPC
estradiol kit and DPC total test kit (Dizgnostic Products Cor
LA, USA). In addition, we confirmed that the concentrations of E2 and TSTwere
under the detection limits (E2, 5 pg/mL; TST, 30 pg/mL) in the serum- and phenol
red-free medium.

Cell proliferation assay

hFOB, Saos-2, and MG-63 cells were weated with steroids and test

added, and the assay was terminated after 3 or § days by removing the medium
from wells. Steroid blockers were added simultaneously.

Characteristics of hFOB, Saos-2, and MG-63

Expressions of relevant steroid receptors, i.e, ERa, ERS, and AR were
determined using quantitative RT-PCR methods in hFOB, Saos-2, and MG-63
cell lines. mRNA transcripts of steroid synthesis/metabolite enzymes,

. 178-hydroxysteroid dehyd (17R-HSD) types 1, 2, 3, 4,

and 5, and Sa-reductase (Sa-Red) types | and 2 were all evalusted using RT-
.PCR methods. The details of quantitative RT-PCR including primer sets
employed were previously described in derail [17,18]. Positive controls for these
receptors and enzymes were cell lines of human breast cancer, T-47D, and

ds for 24, 48, and 72 h, when specimens were harvested and evaluated
for cell proliferation using the WST-8 method (Cell Counting Kit-8; Dojindo
Inc., Kumamoto, Japan) [18). Optical densities (OD, 450 nm) were evaluated
using a SpectraMax 190 microplate reader (Molecular Devices, Corp., CA, USA)
and Softmax Pro 4.3 microplate analysis software (Molecular Devices). The
status of proliferation (%) was calculated sccording 1o the following equation:
(c2ll OD value after test materials treatad /vehicle control cell OD value)x 100.

Alkaline phosphatase activity assay

hFOB, Sans-2, and MG-63 cells were plated in 48 well plate ata d:'nmy of
10° vlahlc cells and cultured for 48 h. All cell lines were treated with 10°°
16~7 M exemestane for 72 h, when cells were lysed with 0,05% Triton X-IUO
(Wako Pure Chemical industries) and evaluated for alkaline phosphatase activity

Table 2

Primer sequences used in quantitative RT-PCR analysis

cDNA GB# Sequence cDNA position Size (bp)

MYBL2 NM_002466 Forward 5'-GTAACAGCCTCACGCCCAAGA-3' 15221615 o4
Reverse 5'-TCCAATGTGTCCTGTTTGTICCA-3'

OSTMI NM_014028 Forward 5-TTGAGAATAAGGCTGAACCTGGAAC-3' 801-926 126
Reverse 5'-TTACAGGCACTGTGTCACTGCAAG-3' y

HOXDI11* NM_021192 Forward $'-CAC TGT CCT TGG GTT TAA TG-3' 1091-1245 174
Reverse 5'-GGT AAA ATT GTA ACG GGA CG-3'

GPC2 NM_152742 Forward 5'-AGA AAT GTG GTC AGC GAA GC-3' 871-1183 313
Reverse 5'-ACA CCT TCG CAC TGT TTT CC-3'

ADCYAPIR1 NM_001118 Forward §'-CAG CAA AAG GGA AAG ACT CG-3' 1351-1584 234
Reverse $-GAG CTG CTC TTG CTC AGG AT-3'

COL1A1 NM_000088 Forward 5'-GGT GGT GGT TAT GAC TTT GGT T-3' 37844092 309
Reverse $-CTT GGC TGG GAT GTT TTC AGG T-3'

SMADI1* NM_005900 Forward 5'-GGT TCA CCT CAT AAT CCT-3' 1779-1887 127
Reverse 5'-CCT TTG TCA GTT CTC AAT C-3'

SMADS® NM_005903 Forward 5'-AGC TAA AGC CGT TGG ATA-3' 668-768 19
Reverse 5-AGG CAC TAA TAC TGG AGG T-3'

RUNX2 NM_004348 Forward 5'-GTG GAC GAG GCA AGA GTT T-3' 782-961 198
Reverse 5'-TAC TGG GAT GAG GAA TGC G-3'

SPARC NM_003118 Forward 5'-CCT GTA CAC TGG CAG TTC-3' 793-937 . 163
Reverse 5'-CCA GGG CGA TGT ACT TGT C-3'

ALP NM_000478 Forward 5'-ACC ATT CCC ACG TCT.TCA CA-3' 1379-1540 162
Reverse 5'-AGA CAT TCT CTC GTT CAC CGC C.3'

RPL13A NM_012423 Forward 5'-CCT GGA GGA GAA GAG GAA AGA GA-3' 487-612 126

Reverse 5'-TTG AGG ACC TCT GTG TAT TTG TCA A-3'

GB#, GeneBank accession number.

All primer sets were designed using OLIGO Primer Analysis Software (TAKARA Bio Inc., Shiga, Japan).

* Forward and reverse primers were located in sama exon.



