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Regulation of NUDT2 expression by estradiol and HER2

in T47D cells

NUDT2 has been suggested a possible estrogen-responsive
gene in breast carcinoma cells,® but detailed regulatory mech-
anisms of NUDT2 expression still remain unclear. Therefore,
we then examined effects of estradiol on NUDT2 expression
in T47D cells. As shown in Figure 5a, the level of NUDT2
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mRNA expression was dose dependently decreased by estra-
diol treatment for 3 days, and it became significant from 1
nM compared to the basal level (nontreatment) (p < 0.05
and 0.56-fold). Similar significance (p < 0.01) was detected
when T47D cells were treated with 10 nM estradiol for 1 day
under RPMI-1640 without FBS (data not shown). On the
other hand, NUDT2 mRNA level did not significantly change
when the T47D cells were treated with 5 pM tamoxifen with
or without 10 nM estradiol (Fig. 54). The significant suppres-
sion of NUDT2 mRNA expression was also detected by the
treatment with ERo selective agonist PPT (p < 0.001 and
0.5-fold), but not by ERP selective agonist DPN (p = 0.81
and 0.97-fold) (Fig. 5b). Estradiol did not significantly change
the NUDT2 mRNA expression levels when the T47D cells
were treated together with estradiol and a potent ER antago-
nist ICI 182,780 (p = 0.23 and 1.3-fold). Results of immuno-
blotting analysis also demonstrated that NUDT2 protein level
was significantly (p = 0.02 and 0.73-fold) decreased by the
treatment of 10 nM estradiol for 3 days in T47D cells (Fig.
5¢). When we performed ChIP assay, ERa was recruited to
NUDT2 promoter within 15 min after the addition of 10 nM
estradiol, and the promoter occupancy was maximum at 30-
45 min after the treatment (Fig. 5d).

NUDT?2 status was positively associated with HER2 status
both in DCIS and IDC tissues (Tables 1 and 2) as demon-
strated above. Therefore, these results suggest possible associ-
ation between NUDT2 and HER2 overexpressions in human
breast carcinoma, but such findings have not been reported
yet to the best of our best knowledge. Therefore, to examine
this hypothesis, we transfected T47D cells with siRNA for
HER2 gene. As shown in Figure 5e, the level of NUDT2
mRNA was significantly lower in T47D cells transfected with

Figure 3. Effects of NUDT2 on the proliferation of breast carcinoma
cells by transient transfection. (a) Immunoblotting for NUDT2 in
T47D and MCF7 cells transfected with NUDT2 expression vector.
The protein of cells was extracted at 3 days after the transfection,
and 5 pg of protein was loaded in each lane. NUDT2 (lower panel)
and B-actin (upper panel) immunoreactivity was detected as a
specific band (approximately 17 and 42 kDa, respectively). MM:
molecular marker; -: cells without transfection; pcDNA: cells
transfected with empty vector (1 pg); pcDNA + NUDT2: cells
transfected with NUDT2 expression vector (1 pg). Relative
immunointensity ratio of NUDT2 was indicated as a ratio compared
to that in the cells without transfection. (b, c) Proliferation assay of
T47D (b, ¢) and MCF7 (b) cells transfected with NUDT2. After the
transfection, the medium was changed to phenol red-free RPMI
1640 medium containing 10% DCC-FBS for 1 day, and these cells
were subsequently treated with estradiol (10 nM) and/or tamoxifen
(5 pM) for 2 days. The cell number was evaluated as a ratio (%)
compared to that at 0 day after the treatment. +: transfection with
NUDT2 expression vector; -: transfection with empty vector. Data
were presented as mean * SEM (n = 4 independent experiments
with three biological replicates), respectively. *p < 0.05.
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Figure 4. Effects of NUDT2 on the proliferation of T47D cells. (a)
Immunoblotting for NUDT2 in T47D cells transfected with specific
NUDT2 (si5 or si6) siRNA or control (Silencer Negative Control #1;
SNC) siRNA. The protein of cells was extracted at 2, 4 or 6 days
after the transfection, and 5 pg of protein was loaded in each lane.
NUDT2 (lower panel) and B-actin (upper panel) immunoreactivity
was detected as a specific band (approximately 17 and 42 kDa,
respectively). MM: molecular marker. (b) Proliferation assay of
T47D cells transfected with si5, si6 or SNC siRNA. After the
transfection, the medium was changed to phenol red-free RPMI
1640 medium containing 10% DCC-FBS for 1 day, and the cells
were subsequently treated with or without estradiol (10 nM) for 2
days. The cell number was evaluated as a ratio (%) compared to
that at 0 day after the treatment. Data were presented as mean =
SEM (n = 4 independent experiments with three biological
replicates), respectively. **p < 0.01 and ***p < 0.001. (c) Flow
cytometry analysis in T47D cells transfected with si5, si6é or SNC
siRNA. Cell cycle fractions were shown as follows: GO/G1 phase:
open bar; S phase: closed bar; G2/M phase: gray bar.

NUDT2 in human breast carcinoma

HER2 siRNA than that transfected with SNC siRNA (p <
0.01 and 0.30-fold in si3 and p < 0.05 and 0.40-fold in si4).
However, HER2 mRNA level itself was not significantly (p =
0.92) different between the T47D cells treated with NUDT2
(si5 and si6) and SNC siRNA.

Discussion

In this study, we demonstrated that the level of NUDT2
mRNA was significantly higher in DCIS or IDC than non-
neoplastic breast tissues. In addition, NUDT2 immunoreac-
tivity was detected in carcinoma cells in 78% of DCIS and
63% of IDC cases, although NUDT2 immunoreactivity was
almost negligible in morphologically normal mammary
glands. The relatively wide distribution of NUDT2 detected
in human breast carcinoma therefore suggests an important
role of NUDT2 in human breast carcinoma.

In our study, NUDT2 status evaluated by immunohisto-
chemistry was significantly associated with the Van Nuys
classification and Ki-67 LI in DCIS, and with clinical stage,
lymph node metastasis and histological grade in IDC. The
Van Nuys classification has been established as a potent
prognostic classification for DCIS,' and Ki-67 LI has also
been demonstrated to be closely correlated with the S-phase
fraction and mitotic index by numerous investigators.”?*
Results of our study also demonstrated that NUDT2 status
was significantly associated with an increased risk of recur-
rence or worse prognosis in IDC patients, and NUDT?2 status
was indeed an independent prognostic factor for both recur-
rence and prognosis following multivariate analyses. There-
fore, these results all indicated an involvement of NUDT2 in
the progression and/or recurrence of breast carcinoma. The
clinical significance of NUDT2 in human breast carcinoma
will, however, need to be further verified in a follow-up study
on an independent materials.

Subsequent in vitro studies demonstrated that T47D cells
transfected with siRNA NUDT?2 significantly decreased the cell
proliferation associated with increased GO/G1 fraction. Previous
in vitro studies demonstrated that Ap4A is involved in slowing
the process of replication during S-phase, which subsequently
allows the opportunity of the cells to repair possible DNA dam-
ages,”*?® and Ap4A itself interrupts the cell cycle progression
when damages to the genome are detected in the cells.*
Considering the fact that NUDT2 hydrolyses Ap4A, NUDT2
may promote the proliferation of breast carcinoma cells, at least
in a part, through a decrement of the intracellular Ap4A level.
An increased level of its expression in DCIS compared to that
in IDC and non-neoplastic breast tissues suggests that NUDT2
could play a role in the development of carcinoma in the ductal
epithelium of mammary glands, but further investigations are
required for clarification.

Recently, Bourdeau et al. examined genome-wide identifi-
cation of EREs in human and detected functional ERE at the
promoter region of NUDT2 gene.” In addition, Carroll et al.
reported that NUDT2 mRNA expression was reduced by
addition of estrogens in MCF7 breast carcinoma cells by

Int. ). Cancer: 128, 1770-1782 (2011) © 2010 UICC



Oka et al. 1779

Q
*
»
o

»
>

NUDT2 mRNA level (102 %)
S &

w

NUDT2 mRNA level (10-2%)
bl
7

I T — Treatment (<) Estradiol DPN Estradiol
- 1pM 10pM 100pM 15 105 108D ' +1C1 182,780
Tamexifen - - - o i = + +
Ed
c Estradiol (-) Estradiol () MM d MM NC 0 15 30° 45 60° 75’ (min) E
1 .2 8 1 2 3 ; =
NUDT2 =
@04bp) 2
Input
(204bp)
m““’“"e 10401 0734005 P=002
no-
intensity ratio

D

*i

»N
W

3
]

-
n

NUDT2 mRNA level (102%)
@n g

(2

185kDa

42kDa

Int. ). Cancer: 128, 1770-1782 (2011) © 2010 UICC



-~
=18
=
<
=]
E
=
=
=
W
bl
L
9
2
2
e

1780

genome-wide analysis of ER-binding sites.® Therefore, in our
study, we also examined possible effects of estrogens on
NUDT2 expression. NUDT2 expression was repressed up to
half following estradiol in T47D cells through ERa, and sub-
sequent ChIP assay demonstrated binding of ERa with the
promoter region of NUDT2 gene. Results of our study are
consistent with those of the previous studies above, and
NUDT2 is therefore considered one of estrogen-repressed
genes in breast carcinoma cells. Frasor et al. demonstrated
that a majority (~70%) of estrogen-regulated genes are
downregulated, and major functional categories for these
estrogen-repressed genes include enzymes, signal transduction
and transcription in MCF7 cells.*® In addition, the estrogen-
mediated repression of gene expression was not detected at
all in ERo-knockout mice*® Therefore, estrogenic functions
are characterized not only by estrogen-induced genes but also
by estrogen-repressed genes, and therefore, it is important to
clarify biological and/or clinical significance of estrogen-
repressed genes to understand estrogenic actions in its en-
tirety in human breast carcinoma.

In our study, NUDT2 status was, however, not signifi-
cantly associated with ER status in DCIS or IDC, although it
was expected from the results of our in vitro studies
described above. Jiang et al. reported an induction of
NUDT2 expression in human fetal cardiac cells under
hypoxic condition®! In addition, Yan et al. demonstrated
that interferon o increased NUDT2 protein level in Huh7
human liver cells> In our study of breast carcinoma
patients, NUDT2 status was also positively correlated with
HER2 status both in DCIS and IDC cases, and T47D cells
transfected with HER2 siRNA significantly decreased the
expression level of NUDT2 mRNA. Therefore, several factors
other than estrogen may be involved in the regulation of
NUDT2 expression in human breast carcinoma cells, which
may explain that NUDT2 status was not necessarily associ-

NUDT2 in human breast carcinoma

ated with ER status in breast carcinomas examined in our
study. The in vitro experiments conducted in our study are
preliminary, and further investigations are required for clari-
fication. However, our experiments may serve as a starting
point for clarification of biological functions or regulation
mechanisms of NUDT2 in the breast carcinoma.

NUDT2 status was significantly associated with an
increased risk of recurrence or worse prognosis in IDC
patients in our study, and similar tendency was also detected
in ER-positive patients who received tamoxifen therapy as an
adjuvant treatment. In addition, results of multivariate analy-
ses demonstrated that NUDT?2 status is indeed an independ-
ent prognostic factor for both recurrence and overall survival
in these patients. Results of our in vitro study demonstrated
that cell proliferation activity of T47D cells was significantly
associated with NUDT2 expression level under the estradiol
and/or tamoxifen treatment, and tamoxifen inhibited the es-
tradiol-mediated suppression of NUDT2 expression in these
cells. In addition, estrogen-mediated cell proliferation was
detected both in NUDT2-positive and -negative T47D cells;
the cell proliferation of NUDT2-positive cells without estra-
diol treatment was nearly equivalent to that of NUDT2-nega-
tive cells with estradiol treatment (Fig. 4b). However,
NUDT2 did not influence the transcriptional activity of ER
in T47D cells as results of the luciferase assay demonstrated.
All the data above suggest that cell proliferation of breast car-
cinoma cells is mediated with ER and NUDT?2 in different
manners or in an additive manner, although the NUDT2
expression was partially suppressed by estradiol, but it awaits
for further investigations for clarifying the exact mechanisms.
Results of our immunohistochemical studies demonstrated
no significant association between NUDT2 status and tumor
size in 145 IDC cases (Table 2), but it is true that the tumor
size alone does not necessarily represent the overall cell pro-
liferation activity of breast carcinoma,® due to the presence

Figure 5. Regulation of NUDT2 expression in T47D cells. (a) Effects of estradiol and tamoxifen on NUDT2 mRNA expression level by real-

time PCR analysis. T47D cells were cultured with phenol red-free RPMI 1640 medium containing 10% DCC-FBS for 2 days and then treated
with indicated concentration of estradiol and/or tamoxifen (5 pM) for 3 days. NUDT2 mRNA level was summarized as the ratio of RPL13A
mRNA level (%). Data were presented as mean = SEM (n = 4 independent experiments with three biological replicates), respectively. *p <
0.05 and **p < 0.01. (b) Effects of ER agonists and antagonist on NUDT2 mRNA expression evaluated by real-time PCR analysis. T47D cells
were cultured with phenol red-free RPMI 1640 medium containing 10% DCC-FBS for 2 days and then treated with estradiol (10 nM), ERx
agonist PPT (10 nM), ERB agonist DPN (10 nM) or ER antagonist ICl 182,780 (1 pM) for 3 days. Data were presented as mean = SEM (n =
3 independent experiments with three biological replicates), respectively. **p < 0.01 and ***p < 0.001. (¢) Effects of estradiol on NUDT2
protein level by immunoblotting analysis. The cells were cultured with phenol red-free RPMI 1640 medium containing 10% DCC-FBS for 2
days and then treated with or without estradiol (10 nM) for 3 days. A total of 5 pg of protein was loaded in each lane. The results of
immunointensity ratio (NUDT2/B-actin) were presented as mean = SEM (n = 3 independent experiments with three biological replicates),
and a significant association (p = 0.02) was detected between these two groups. (d) Recruitment pattemns of ERoa on NUDT2 promoter in
T47D cells treated with estradiol (10 nM) by ChIP assay. The sample before immunoprecipitation by anti-ERx antibody was also used as a
control (input; lower panel). MM: molecular marker; NC: negative control sample treated with ethanol. (¢) Effects of HER2 on NUDT2 mRNA
expression by real-time PCR analysis. NUDT2 mRNA level was examined in T47D cells treated with specific HER2 (si3 or si4) or SNC siRNA 3
days after the transfection (upper panel). NUDT2 mRNA level was summarized as the ratio of RPL13A mRNA level (%). Data were presented
as mean = SEM (n = 3 independent experiments with three biological replicates), respectively. *p < 0.05 and **p < 0.01. The knockdown
effects mediated by si3 or si4 siRNA were subsequently confirmed by immunablotting for HER2 3 days after the transfection (lower panels).
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of the amount of stromal cells in the tumor tissues. There-
fore, residual carcinoma cells after surgical treatment in
NUDT2-positive breast carcinomas may still have the poten-
tial to rapidly grow regardless of antiestrogen therapies such
as tamoxifen, thereby resulting in an increased recurrence

and poor prognosis in these patients.
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Objective: Breast ultrasonography has gained widespread acceptance as a diagnostic tool
for the evaluation of human breast disorders. It is important to evaluate the correlation of
ultrasonography findings with the corresponding histopathological features.

Method: We retrospectively reviewed the 154 cases of breast disorders. We evaluated the
correlation the ultrasonography findings and carcinoma cells extension with their correspond-
ing histopathological findings. In addition, we also studied the information on estimation of his-
tological types and cancer extension used by the other modalities such as computed
tomography and magnetic resonance imaging.

Results: The concordance rate for margins between ultrasonography findings and histo-
pathological features was 91.6% (P < 0.001) and that for boundary zone was 87.0% (P <
0.001). Histopathological correlation of internal and posterior echoes demonstrated that
internal low echo masses were composed of fibroblastic cells with marked collagenization in
the stroma, or the cases in which carcinoma cells proliferated in a monotonous, solid and/or
expanding manners. Attenuation of posterior echo was detected in the cases associated with
hyperplasia of collagenized fibroblastic stroma. An increased cellularity in the mass with pro-
minent large tumor nests and little fibrous stroma demonstrated the accentuation or no altera-
tions of the posterior echo. The concordance rate of borders was 84.4% (P < 0.001). The
correlation between estimated histological type by ultrasonography diagnosis and actual histo-
logical types was 87.0%. An overall detection rate of carcinoma extension by ultrasonography
was 86.4%. In addition, an overall detection rate of carcinoma extension by ultrasonography,
magnetic resonance imaging and computed tomography was 93.8%.

Conclusion: These results demonstrated correlation between histopathological and ultra-
sonographic findings of the breast lesions is cardinal for quality control or improving the
quality of ultrasonography.

Key words: breast ultrasound — histopathologic findings — carcinoma extension

INT through screening has led to the detection of the tumor at a
RODUCTION relatively earlier clinical stage, which definitely reduced its
Breast cancer has become one of the leading causes of death  mortality. The mammographic appearance of breast carci-
among women. Early clinical detection of breast cancer ~ noma has been well known to vary greatly (1). On the other
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hand, breast ultrasonography (US) has gained widespread
acceptance as a diagnostic tool for the evaluation of breast
disorders (2). It is true that some breast diseases that are
obscured by dense breast tissue at mammography can be
detected with US. US has been in general proposed to serve
better in the detection of breast cancer if the patient is young
or the masses are small (3,4). Results of many previously
published studies have demonstrated the diagnostic benefits
in differentiating benign from malignant breast disease in the
evaluation using US (5). It was well known that carcinomas
are classically described as irregular solid masses with a het-
erogenous texture and reduced sound transmission in the US,
resulting in what is called ‘shadowing’ behind the lesion
(5,6). In addition, a vertical orientation of the lesion is
described more often in breast carcinoma in US evaluation
(5,6). It is also true that not all carcinomas fulfill these cri-
teria and some do only partially (5). In general, an accurate
correlation of US findings with their corresponding histo-
pathologic features is considered most important in US
evaluation in this setting.

Breast-conserving surgery is being widely applied in the
treatment of early breast cancer. In order to perform conser-
ving surgery, it is very important to detect carcinoma exten-
sion and determine the excision area as accurately as
possible in the preoperative setting for the benefits of the
patients (7,8). Complete removal of a breast tumor with
tumor-negative surgical margins is considered most impor-
tant for avoiding local recurrence in breast-conserving
surgery. With high-resolution equipment available, US can
detect smaller non-palpable cancers not necessarily detected
on high-quality mammography. Excellent visualization of
extended intraductal component has been reported using US
in some institutions (9,10). However, few have demonstrated
the limitation of the US to detect small lesions. Therefore,
we attempted to evaluate carcinoma infiltration based on US
findings, through revealing histopathologic features of the
carcinoma cells infiltration which cannot be detected by US.
In addition, in order to overcome these possible limitations,
magnetic resonance imaging (MRI) and computed tomogra-
phy (CT) are being increasingly utilized for the preoperative
evaluation of carcinoma extension (11—13). Therefore, we
also evaluated the information regarding the detection of
cancer infiltration by US in conjunction with MRI and CT.

It is very important to evaluate the correlation of US find-
ings with the corresponding histopathological features. The
purpose of this study is therefore, to evaluate the correlation
of the US findings including shape, boundary zone, internal
and posterior echo, anterior and posterior borders, estimated
histological types and carcinoma infiltration with their corre-
sponding histopathological findings of the same lesions. In
particular, for internal and posterior echoes, attenuation has
been considered to be provided by a highly cellular fibroblas-
tic proliferation (2,14). However, none has ever reported that
internal and posterior echo were indeed based on the ratio of
intratumoral carcinoma cells and fibroblastic stroma, and his-
tological stromal characteristics of the same lesions. We

Table 1. Histological types of examined cases

Histological types (all) 154
Invasive ductal carcinoma (IDC) 132
Ductal carcinoma in situ (DCIS) 7
Invasive lobular carcinoma (ILC) 10
Mucinous carcinoma 5

therefore indicated that anterior and posterior echoes were
indeed caused by the ratio of intratumoral carcinoma cells and
fibroblastic stroma, and histological stromal characteristics. In
addition, some histological types demonstrated low concor-
dance rates between estimated or the histological types esti-
mated by ultrasonographic findings and actual histological
types. Therefore, we also discussed this particular discordance
between estimated US findings and histologic types, in detail.

PATIENTS AND METHODS
PATIENTS

We retrospectively reviewed the US findings and the histo-
pathologic features of 154 breast lesions for which surgery
was performed in Tohoku University Hospital from 1 January
2006 to 31 December 2007 and in which the patients were
initially detected by US. The cases treated with neo-adjuvant
chemotherapy were excluded from this study of correlating
preoperative US findings with histopathlogical analyses. We
received informed consents from the patients and the protocol
for this study was approved by the Ethics Committee at
Tohoku University School of Medicine. The median age of
the patients was 57 years (range, 27—85). Of the remaining
consecutive 154 patients, 132 were diagnosed histopathologi-
cally as invasive ductal carcinomas (IDC), 7 with ductal car-
cinoma in situ (DCIS), 10 with invasive lobular carcinomas
(ILC) and 5 with mucinous carcinomas (Table 1).

US AND HISTOPATHOLOGIC ANALYSES

The US were assessed by one of experienced eight breast
surgeons of Tohoku University Hospital. They got the con-
sensus meeting of US for a week to standardize the US
exam. In addition, two surgical oncologists independently
evaluated the US findings in a retrospective manner, without
the knowledge of subsequent histopathological diagnosis.
These two investigators were also blinded to the clinical
outcome of the patients. The US examination was carried
out using the following mechanical scanners: Aloka SSD
3500 (Aloka Co., Tokyo, Japan) with a 10-MHz transducer.

Surgical specimens had been fixed in 10% formaldehyde
solution and cut into serial S5-mm thick slices.
Histopathological slides in each tumor were reviewed by two
pathologists independently without knowledge of the breast
US findings. They used Olympus (Tokyo, Japan) BX50 and
20X objectives for the analysis.
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Of two or more hardcopy transverse and sagittal plane
images of breast lesions, only the largest lesion was ana-
lyzed in this study. In the patients with multiple breast
lesions, only the largest lesion was evaluated. US findings
were subsequently analyzed according to the American
College of Radiology Breast Imaging Reporting and Data
System (BI-RADS) sonographic classification (2) and the
Japan Association of Breast and Thyroid Sonology
(JABTS) breast sonographic classification (14). The pres-
ence of a mass, margin, boundary zone, internal echoes,
posterior echoes and associated findings were each recorded.
Histopathological evaluations were based on the Japanese
Breast Cancer Society (2008) (15), World Health
Organization (WHO) histological classification of tumors of
the breast (1) and Rosen’s Breast Pathology (16). (i)
Margin was tentatively classified into circumscribed or not
and also histopathologically classified into these two cat-
egories above. (ii) For boundary zone, we analyzed the
presence or absence of halo in US. Ultrasonographic ‘Halo’
corresponded to the histopathologic features in which carci-
noma cells invade into fat tissue admixed with adipocytes
and elastic fiber (14). We termed the histopathologic feature
‘histopathologic halo’ and evaluated the existence of the
‘histopathologic halo’ (Fig. 1). (iii) Internal echo was tenta-
tively classified into low and equal/heterogenous, and pos-
terior echo was tentatively classified into accentuating, no
change and attenuating (14). Histopathologic features corre-
sponding to internal and posterior echoic findings were
defined by the ratio of carcinoma cells to stroma and the
following characteristics related to stromal architecture; col-
lagenization or poor collagenization. We analyzed the intra-
tumoral stroma in five representative fields per case (x200)
(Fig. 2). (iv) We analyzed relevant findings about interrup-
tion of the anterior and posterior borders of the mammary
gland. Interruption of the borders demonstrated extension in
adipose tissue, whereas non-interruption demonstrated
extension in gland (Fig. 3). (v) We examined the concor-
dance between the estimated and actual histological types.
We estimated histological types as followings; IDC, DCIS,

Jpn J Clin Oncol 2010;40(10) 907

ILC and mucinous carcinoma by US without knowledge of
histopathological diagnoses.

US, CT and MRI were performed prior to breast-
conserving surgery. A 16-row detector CT system (Somatom
Sensation Cardiac; Siemens Medical Solution, Erlangen,
Germany) was used with CT skin marker, consisting of a
paper seal and seven 75-mm non-lead lines with an open
window between each line, over the location of the target
(13). The breast MRI was obtained using a 1.5 tesla MRI
clinical scanner (Magnetom Vision, Siemens, Erlangen,
Geramany) (17). The histopathologic diagnosis and the carci-
noma extension in all slices were determined by the two
pathologists. The surgical margin was defined as positive
margin when there were malignant cells at the surgical
margin and within 5 mm of the surgical margin. The accu-
rate ratio between the cancer extension detected by the US
and the histopathologic cancer extension was evaluated. We
also studied the information on detecting cancer extension
used by the other modalities such as CT and MRI. In
addition, the histopathological characteristics of the cases
which could not to be detected by the US were also evalu-
ated. If there were discrepancies of carcinoma extension and
estimated histological types among these modalities, we
returned to examine the discrepant lesions by US again.
When the US findings of the lesions represented desmoplas-
tic change or stromal reaction, we accepted the diagnoses by
MRI and CT. On the other hand, when the US findings rep-
resented normal variations, we accepted the US diagnoses.

Statistically analysis, such as the one-factor ANOVA and
simple regression analysis, were performed using StatMate
IIT for Windows ver. 3.18 (ATMS, Tokyo, Japan). The
results were considered significant at P < 0.05.

RESULTS
EVALUATION OF THE MARGINS OF THE LESION

Twenty-six out of the 154 were circumscribed masses. Of
the 26 circumscribed tumors detected by US, 18 cases

Figure 1. Representative illustrations of ‘halo’. (A) ‘Halo’ of the US finding. (B) The histopathologic feature representing infiltration of carcinoma cells into

the surrounding tissues, such as fat tissue and elastic fiber.

00f] woy

1 mjoyo L je uo

1102 "9 Ae U0



908 Correlation between ultrasonographic findings and pathologic features

Figure 2. Representative illustrations of intcrnal echoe and posterior echoe. (A) Shows internal echo is heterogenous and posterior echo is accentuating.
The histologic type is mucinous carcinoma in which intratumoral structure is heterogenous and constructed by mucin. (B) Shows internal echo is low or hetro-
genous and posterior echo is no change. The intratumoral histopathologic feature is heterogenous and poor collagenized stroma. Whereas (C) shows internal
echo is low and posterior echo is attenuation. The intratumoral histopathologic feature is heterogenous but the stroma is marked collagenized.

Figure 3. Representative illustrations of interruption and not interruption of the mammary borders. (A) Shows interruption of the anterior border.
Histopathologically, carcinoma cells extend to fat. (B) Shows not interruption of the borders. Histopathologically, carcinoma cells extend in the mammary
gland.

(69.2%) were also histopathologically circumscribed. Not ~ were also histopathologically ‘not circumscribed’. The rate
circumscribed masses were 128 tumors in our present study.  of concordance between US and histopathological findings
One hundred and sixteen out of these 128 tumors (90.6%)  was 87.0% (P < 0.001).
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Bounpary ZoNE (HaLo)

Eighty-nine out of these154 tumors were recognized with halo
using US. Seventy-eight out of these 89 tumors with halo were
defined as ‘histopathologic halo’ (Table 2). The rate of concor-
dance was 87.6%. Sixty-five out of the 154 tumors turned out
to be the masses without halo. Fifty-six out of the 65 non-halo
tumors (86.2%) were also non-histopathologic halo tumors.
The rate of concordance for boundary zone between US and
histopathologic findings was 87.0% (P < 0.001).

Table 2. US findings, the number of cases and the ratio of accuracy
between US findings and histopathological features, of margin, boundary
zone and associated findings

Jpn J Clin Oncol 2010;40(10) 909

INTERNAL AND POSTERIOR ECHOES

About 59.7% of the tumors in which internal echoes were
equal/heterogeneous histopathologically were associated with
poor collagenized stroma and heterogenous intratumoral
structure (the ratio of carcinoma cells to stroma was 3:1—
1:3) (Fig. 4A). However, tumors associated with low echo
levels demonstrated marked collagenized stroma and the
higher fibroblastic stromal ratio. As for posterior echo,
accentuating tumors histopathologically demonstrated carci-
noma cells proliferated in pushing, encapsuled and monoto-
nous fashions, and were also demonstrated in all mucinous
carcinoma examined. About 76.1% of the tumors classified
as ‘no changes’ also demonstrated the patterns of marked
intratumoral heterogeneity. In addition, ulrtasonographically
attenuating cases (43 out of the 153 tumors, 28.1%) were

US findi No. of Rate of d: %
nemes 0. of cases KI5 O Gaicondacd £ associated with marked collagenized stroma and higher
. fibroblastic stromal ratio (Fig. 4B).
Margin
Circumscribed 26 69.2
Not circumscribed 128 90.6 HisToPATHOLOGICAL CORRELATIONS WITH OTHER
Boundary zone (halo) ULTRASONOGRAPHIC FINDINGS (INTERRUPTION OF THE ANTERIOR
halo (+) 89 87.6 OR POSTERIOR BORDERS OF THE MAMMARY GLAND)
halo (—) 65 86.2 Interruption of anterior and posterior borders tumors were
Associated findings (Interruption of the mammary borders) detected in 112 out of the 153 tumors. Ninety-three out of
Interruption 112 83.0 the 112 tumors (§3.0%) were also h.istopatholog.ically int.er-
Rt itervopion 4 88.1 preted as extenswn. into adipose t1s§ue. Non-interruption
tumors were seen in 42 cases. Thirty-seven out of the
A Carcinoma cells:stroma Carcinoma cells:stroma
3 -3:1 3:1-1:3 1:3- 3 -3:1 3:1-1:3 1:3-
S -
'a:'-j: Hyalinized | 3,297 (2) | 19.4% (12) | 1.6% (1) 7‘? Hyalinized | 10,0% (9) | 40.0% (36) | 27.8% (25)
2 £
§§ Poor 3.2%(2) | 59.7%(37) | 12.9%(8) | £ 5§ | Poor 6.7%(6) |3.3%(3) |12.2%(11)
I Equal/Heterogenous l
B Carcinoma cells:stroma Carcinoma cells:stroma
8 -3:1 3:1-1:3 1:3- -3:1 3:1-1:3 1:3-
_j Hyalinized | 0% (0) | 46.5% (20) | 39.5% (17) ___g Hyalinized | 3 4% (3) | 29.5% (26) | 3.4%(3)
& £
8 5 [ Poor 0%(0) |7.0%(3) [7.0%(3) | £5|Por  |0%(0) |46.6%(a1)|17.1%(15)
v v " v
Attenuation No change
Carcinoma cells:stroma
8 -3:1 3:1-1:3 1:3-
kS
§§ Hyalinized | 27,0% (4) | 2.4% (1) | 0% (0)
§§ Poor 21.0% (4) | 31.6%(6) | 21.0% (4)
v
Accentuation

Figure 4. Analysis of internal echoes and posterior echoes according to the ratio of carcinoma cells to stroma and the stromal characteristics. (A) Is the results

of internal echo and (B) is the results of posterior echoes.
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910 Correlation between ultrasonographic findings and pathologic features

42 tumors (88.1%) were histopathologically infiltration in

mammary gland or non-invasive carcinomas. The rate of
concordance of these borders was 84.4% (P < 0.001).

THE CORRELATION BETWEEN FINAL Us AND HISTOPATHOLOGICAL
DIAGNOSES

The ratio of the correlation between estimated histological
types by US diagnosis and histopathological types was
91.6% (141 out of the 154 tumors). The concordance rates
between US findings and the following histologic types;
IDC, DCIS, ILC and mucinous carcinoma were 98.5% (130
out of the 132 tumors), 14.3% (1 out of the 7 tumors),
60.0% (6 out of the 10 tumors) and 80.0% (4 out of the

Table 3. The concordance rates between US diagnosis and the histological
types

Histological types Concordance Not concordance Rate of concordance (%)

IDC 130 2 98.5
DCIS 1 [3 14.3
ILC 6 4 60.0
Mucinous 4 1 80.0

5 tumors), respectively (Table 3). US was limited in its
ability to detect the lesions with <1 mm in diameter. The
concordance rate of combined modalities was 96.1% (148 of
154 tumors) with US, CT with CT skin marker and MRI;
IDC, DCIS, ILC and mucinous carcinoma were 99.2% (131
out of the 132 tumors), 57.1% (4 out of the 7 tumors),
80.0% (8 out of the 10 tumors) and 100% (5 out of 5
tumors), respectively.

CORRELATION BETWEEN ULTRASONOGRAPHIC AND
HisTOPATHOLOGICAL CARCINOMA EXTENSION

The overall detection rate of carcinoma extension by US was
86.4% (133 out of the 154 tumors). Seventeen out of the 21
tumors (81%) in which US could not detect carcinoma
extension demonstrated low-grade intraductal components
(Fig. 5A and B), and these lesions were also <1 mm in
diameter. Three out of these 21 cases turned out to be inva-
sive ILC in which carcinoma cells invaded with forming
single cell pattern (Fig. 5C) and small LCIS extension
(Fig. 5D). One was the infiltrated lesion of IDC. This tumor
was invaded with forming single cell pattern with poor
stromal reaction, similar to ILC. The detection rate of com-
bined modalities was 93.8% (144 of 154 tumors) with US,
CT with CT skin marker and MRI.

Figure 5. Representative illustrations of the carcinoma extensions which could not be detected by ultrasonography (US). (A) and (B) are low-grade intraductal

components. (C) Is invasive lobular carcinoma extension and (D) is LCIS lesion.
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DISCUSSION

Previous studies demonstrated that the following ultrasono-
graphic features such as oval or round shape, parallel orien-
tation, circumscribed margins, abrupt interface, enhancement
or absence of posterior acoustic features, absence of sur-
rounding tissue alterations represented a benign breast
lesion, whereas, irregular shape, non-parallel orientation,
echogenic halo, posterior acoustic shadowing and abnormal-
ities of the surrounding tissue regardless of echo pattern
were considered to be consistent with a malignant lesion
(5,18). It is also true that not all carcinomas fulfill these cri-
teria and some do only partially (5). We therefore examined
the details of preoperative US findings and compared these
findings to their corresponding histopathological features of
the surgical specimens.

It has been well known that circumscribed masses are
usually detected in the cases in which carcinoma cells prolif-
erated in both solid and expanded fashion. On the other
hand, not circumscribed masses are detected in the cases in
which carcinoma cells are arranged in cords, clusters and/or
trabeculae, and/or are associated with mixed intraductal
component and invasive areas. Halo is generally defined as
one of back scattering in US (14). Reflection and scattering
are detected and are considered to be caused by the structure
which is heterogenous and smaller than sound wave, such as
cellular tissue (14). Such opposite sound wave of incident
element is generally defined as back scattering (19). Results
of our present study demonstrated that halo was indeed
characterized by the following histopathologic features, car-
cinoma cells infiltrated into fat tissue, mixed fat tissue, carci-
noma cells and fibroblastic stroma.

Results of previous studies demonstrated that the degree
of internal hypoechogenicity determines its sensitivity in
predicting malignancy of the lesion (6,20,21). In addition,
posterior shadowing has been also reported as one of the
important US features suggestive of malignant nature of the
lesions (6,20,22). It has been known that shadowing is pro-
vided by a highly cellular fibroblastic proliferation (2,14).
This is the first study which demonstrated that anterior and
posterior echoes were caused by the ratio of intratumoral car-
cinoma cells and fibroblastic stroma, and histological stromal
characteristics. Results of our present study demonstrated
that internal echoes and posterior echoes were defined by
histopathological intratumoral construction. The acoustic
characteristic impedance of the medium becomes larger,
reflection subsequently becomes bigger and low internal
echo and attenuation of posterior echo finally occur (14). In
addition, low internal echo are also detected in the cases his-
topathologically associated with poor fibroblastic stroma, and
carcinoma cells proliferating monotonously, solidly and con-
fertusly. Internal and posterior acoustic shadowing is con-
sidered the direct result of US beam attenuation by the
desmoplastic reaction to breast cancer (23). Results of our
present study of histopathological correlation therefore
demonstrated that internal low echoic masses represented the

Jpn J Clin Oncol 2010;40(10) 911

high ratio of fibroblastic stroma and the stroma in these
lesions turned out to have marked degrees of interstitial col-
lagenization or the tumors in which carcinoma cells prolifer-
ated monotonously, solidly and pushingly. In addition,
attenuation of posterior echo was detected in the tumors his-
topathologically associated with hyperplasia of collagenized
fibroblastic stroma. However, it is also true that increased
cellularity in the mass with prominent large tumor nests and
very little fibrous stroma demonstrated the accentuation or
no change of the posterior echo. In addition, poor collage-
nized fibrous stroma exhibits high acoustic impedance.
Histopathological intratumoral construction is important for
internal and posterior echoes.

Results of our present study demonstrated that the concor-
dance rate between the US findings and the histopathologic
features was 91.6%. According to the comparison between
the US findings in details and histopathologic features, we
could reasonably postulate histological types from the US
findings. Our results demonstrated that DCIS and ILC were
lower concordance rates between estimated and actual histo-
logical types than the other types. As for DCIS, in some
cases, intraductal components were gathered and formed
nodule histopathologically. Therefore, the US findings of
some DCIS cases were similar to some invasive carcinomas.
On the other hand, some IDC tumors such as T1mic which
have microinvasion 0.1 cm or less in greatest dimension
were similar to DCIS because we proved that US is limited
to detect the lesions with <1 mm in diameter. On the other
hand, ILC is classified in the following types, classical
pattern, solid pattern, alveolar pattern, pleomorphic lobular
carcinoma and mixed type carcinoma (1). Therefore, US
findings of ILC showed various features and US is limited in
its ability to diagnose as ILC correctly. Previous study
demonstrated that MR imaging has been shown to be par-
ticularly useful in the evaluation of ILC and DCIS (24). Our
study also demonstrated the concordance rate of combined
modalities was 96.8% (149 of 154 cases) with US, CT with
CT skin marker and MRI. Especially, the concordance rate
of ILC and DCIS were up to 57.1% (4 out of 7 cases) and
80.0% (8 out of the 10 cases), respectively. It is therefore
very important to use a variety of imaging modalities for
examining histological types of breast lesions.

Breast conservation therapy has become the treatment
standard for the great majority of breast carcinoma (13,25).
Several investigations reported the association of higher
tumor recurrence rates with positive or close margins than
with negative margins following breast-conserving therapy
(25,26). It therefore becomes very important to precisely
evaluate carcinoma extension preoperatively and determine
the excision areas for performing breast-conserving surgery
as accurate as possible (13). Results of our study clearly
demonstrated the detection rate of carcinoma extension was
86.4% by US. Many tumors in which US could not appreci-
ate carcinoma extension corresponded to DCIS following
histopathological evaluations, especially DCIS associated
with low-grade malignancy. In such low-grade malignant
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912 Correlation between ultrasonographic findings and pathologic features

DCIS, intraductal components are very small, similar to non-
pathologic breast ducts or lobes, the differentiation between
low-grade malignant DCIS and non-pathologic breast tissue
is generally defined only in cell or nuclear pleomorphism. In
addition, such DCIS were rarely detected in stromal desmo-
plastic reaction. As for ILC, ILC can be insidious and diffi-
cult to detect on routine physical examination and/or
imaging including US. Histopathologically, ILC is generally
characterized by a proliferation of small cells, which lack
cohesion and appear individually dispersed through a fibrous
connective tissue or arranged in single file linear cords (1).
There is often little host reaction or disturbance of the back-
ground architectures (1). In addition, this is the first study
demonstrated that US is limited to detect the lesions with
less than 1 mm in diameter. The results of this study demon-
strated that the combined modalities such as US, CT and
MRI increase the accuracy of detection from 86.4 to 93.8%.
Therefore, it has become very important that a variety of
imaging modalities has been used for examining tumor
extension and multifocality in breast cancer patients.

CONCLUSION

We clarified the histopathological features of the breast
lesions of the tumors in which carcinoma extension could
not be preoperatively detected using US. The results of this
study demonstrated correlation between histopathological
and ultrasonographic findings of the breast lesions is cardinal
for quality control or improving the quality of US.
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It is well known that estrogens play important roles in the cell pro-
liferation of breast carcinoma. Benign breast disease (BBD) con-
tains a wide spectrum of diseases, and some are considered an
important risk factor for subsequent breast carcinoma develop-
ment. However, the significance of estrogens in BBD has remained
largely unknown. Therefore, in this study, we examined tissue
concentrations of estrogens and immunolocalization of estrogen-
producing/metabolizing enzymes in BBD, and compared these
findings with those in the normal breast and ductal carcinoma
in situ (DCIS). Tissue concentration of estradiol in BBD (n = 9) was
significantly (3.4-fold) higher than normal breast (n = 9) and nearly
the same (0.7-fold) as in DCIS (n = 9). Imnmunoreactivity of estro-
gen sulfotransferase in BBD was significantly lower (n = 82) than
normal breast (n = 28) but was not significantly different from
DCIS (n = 28). Aromatase and steroid sulfatase immunoreactivities
tended to be higher (P = 0.07) in BBD than in normal breast, and
17p-hydroxysteroid dehydrogenase type 1 immunoreactivity was
significantly higher in BBD than normal breast in the postmeno-
pausal tissues. Immunoreactivity of estrogen and progesterone
receptors was also significantly higher in BBD than normal breast.
These results suggest that tissue concentration of estradiol is
increased in BBD at a level similar to DCIS, which is considered
mainly due to loss of estrogen sulfotransferase expression.
Increased local estradiol concentration in BBD due to aberrant
expression of estrogen-producing/metabolizing enzymes may
play important roles in the accumulation of estradiol-mediated
growth and/or subsequent development of breast carcinoma.
(Cancer Sci 2010; 101: 2286-2292)

B enign breast disease (BBD) is the most common disorder of
the breast in women, and encompasses a wide variety of
histological entities.""” Some BBD are considered an important
risk factor for subsequent development of breast carcinoma in
the same patients. Among the histological subtypes of BBD,
atypical ductal hyperplasia (ADH) has the highest (approxi-
mately 4-fold) risk of developing breast carcinoma, but patients
with common proliferating BBD, such as fibroadenoma (FA),
papilloma, sclerosing adenosis (SA), or usual ductal hyperplasia
(UDH), are also known to be at increased (approximately 2-fold)
risk of malignancy, although controversies have existed.**
Human breast tissue is a well-known estrogen target tissue.
Biologically active estrogen, estradiol, contributes immensely to
the growth of breast carcinoma, and endocrine therapy has been
used in patients with breast carcinoma to inhibit intratumoral
estrogen actions. Benign breast disease frequently expressed
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estrogen receptor (ER),*® and women who had used post-
menopausal hormonal supplementation were reported to be
associated with an increased risk of BBD.®"'? Treatment with
an anti-estrogen tamoxifen significantly reduced the volume and
cell proliferation activity of FA?*!% and The National Surgical
Adjuvant Breast Project Breast Cancer Prevention Trial showed
that tamoxifen significantly reduced the risk of BBD, by approx-
imately 28%."> These findings all suggest the importance of
estrogens in the development and/or progression of BBD.

In breast carcinoma, estradiol is locally produced from circu-
lating inactive steroids by estrogen-producing enzymes, such as
aromatase (conversion from androstenedione to estrone, or tes-
tosterone to estradiol), steroid sulfatase (STS; hydrolysis of
estrone sulfate to estrone) and 17B-hydroxysteroid dehydroge—
nase type 1 (17BHSDI; reduction of estrone to estradiol). 2
Estrogens are also inversely inactivated by estrogen sulfotrans-
ferase (EST; sulfonation of estrogen to estrogen sulfate)!” or
17BHSD2 (oxidation of estradiol to estrone).'® Pasqualini
et al.!"® reported that estradiol concentration and STS activity
was significantly higher in FA than the corresponding normal
human breast tissue, and Ariga et al.® reported immunolocal-
ization of 17BHSD1 and 17BHSD?2 in UDH and ADH. However,
other information regarding estrogen concentration or estrogen-
producing/metabolizing enzymes is unknown in BBD, and the
significance of estrogens remains largely uncharacterized in
BBD. Therefore, in our present study, we examined the tissue
concentration of estrogens and immunolocalization of estrogen-
producing/metabolizing enzymes in BBD, and compared these
findings with those in normal breast and ductal carcinoma in sifu
(DCIS), an early stage of breast carcinoma, in order to analyze
the status of in situ estrogen production.

Materials and Methods

Patients and tissues. Snap-frozen specimens of nine BBD
(FA [n =7] and SA [n = 2]), and nine pure DCIS tissues were
used in order to examine the tissue concentration of estrogens.
These specimens were obtained from nine premenopausal female
patients (aged 23—48 years for BBD and 33-49 years for DCIS)
who underwent surgical treatment from 2001 to 2008 in the
Departments of Surgery at Tohoku University Hospital and
Tohoku Kosai Hospital (Sendai, Japan). Snap-frozen specimens
of nine breast tissues, which were distant from the invasive breast
carcinoma associated with no significant histopathological
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abnormalities, were also used in this study as normal breast tis-
sues. These specimens were all obtained from premenopausal
patients (aged 41-50 years) who had invasive breast carcinoma
and underwent mastectomy in the Department of Surgery at
Tohoku Kosai Hospital. All of the specimens were stored at
—80°C, and histology was confirmed before estrogen extraction
using frozen tissue sections.

Eighty-two BBD lesions, comprising FA (n = 29), papilloma
(n = 20), SA (n = 16), and UDH (n = 17), were obtained from
68 pure BBD patients by surgical excision between 1998 and
2007 in the Department of Surgery, Tohoku University Hospital.
Examination of atypical papilloma or ADH was not available in
this study. The mean age of BBD patients was 43 years (range,
16-68 years). Among these patients, the breast tissue associated
with no significant histopathological abnormalities was available
for examination in 28 cases. They were used as normal breast
tissue in this portion of the study. Twenty-eight specimens of
pure DCIS were obtained by surgical excision between 1998
and 2007 in the Department of Surgery, Tohoku University Hos-
pital. The mean age of the patients was 52 years (range, 30—
77 years). All the specimens were fixed with 10% formalin and
embedded in paraffin wax. The menopausal status of patients
was retrieved from patient charts. The number of tissues
obtained from postmenopausal patients (at least 1 year after
menopause, aged more than 50 years) was eight in normal
breast, 16 in BBD, and 16 in DCIS.

Research protocols for this study were approved by the Ethics
Committee at Tohoku University School of Medicine (No.
2008-382).

Liquid chromatography/electrospray tandem mass spectro-
metry (LC-MS/MS). Concentrations of estrone and estradiol were
measured by LC-MS/MS analysis in ASKA Pharma Medical
(Kawasaki, Japan), as described previously.'® Briefly, breast
tissue specimens (~50 mg for each sample) were homogenized
in 1 mL distilled water, and steroid fraction was extracted
with diethyl ether. After application to a Bond Elut C18 column
(Varian, Inc., Palo Alto, CA, USA), steroid derivatives were
eluted with 80% acetonitrile solution.

An API-5000 triple stage quadrupole mass spectrometer
equipped with an electrospray ionization (ESI) ion source
(Applied Biosystems, Foster City, CA, USA) and a Shimadzu
HPLC system (Shimadzu, Kyoto, Japan) were used in our study.
The chromatographic separation was carried out on Cadenza CD-
C18 column (150 mm X 3 mm i.d., 3 pm; Imtakt, Kyoto, Japan)
at 40°C. The mobile phase, consisting of CH3CN-CH30H
(50:50, v/v) (Solvent A) and 0.1% HCOOH (Solvent B), was
used with a gradient elution of A:B = 60:40-90:10 (0-5.5 min),
90:10-100:0 (5.5-7.5 min), 100:0 (7.5-8.5 min) and 40:60 (8.5—
10 min) at a flow rate of 0.4 mL/min. ESI/MS conditions were as
follows: spray voltage, 3300 V; collision gas, nitrogen, 1.5 psi
(gas pressure); curtain gas nitrogen, 11 psi; ion source tempera-
ture, 600°C; and ion polarity positive.

The derived estrone and estradiol were determined using
product ions (m/z 157 and 264, respectively) produced from
their individual protonated molecular ions. The limit of quantifi-
cation was 4 fmol/g for estrone, and 2 fmol/g for estradiol.

Immunohistochemist%. The characteristics_of primary anti-
bodies for aromatase,” STS,?" and EST® were described
previously. The primary antibodies for aromatase and STS were
kindly provided by Dr. Dean B. Evans (Novartis Institutes for
BioMedical Research Basel, Oncology Research, Basel, Swit-
zerland) and Dr. Taisuke Nakata (Strategic Product Planning
Department, Kyowa Hakko Kirin, Tokyo, Japan), respectively.
Monoclonal antibody for 178HSD1 (EP1682Y) and polyclonal
antibody for 17BHSD2 (10978-1-AP) were purchased from Epit-
omics (Burlingame, CA, USA) and Proteintech Group (Chicago,
IL, USA), respectively. Monoclonal antibodies for ER (ER1D5)
and progesterone receptor (PR; MAB429) were purchased from
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Immunotech (Marseille, France) and Chemicon (Temecula, CA,
USA). A Histofine kit (Nichirei, Tokyo, Japan), which uses the
streptavidin—biotin amplification method, was used for immuno-
histochemistry in this study. Antigen retrieval was carried out
by heating the slides in an autoclave at 120°C for 5 min for ER,
PR, and EST immunostaining, and by heating the slides in a
microwave at for 20 min for 17BHSD1 immunostaining. The
dilution of primary antibodies used in this study was as follows:
aromatase, 1/3000; STS, 1/200; 17pHSD1, 1/400; EST, 1/100;
17BHSD2, 1/200; ER, 1/50; and PR, 1/30. The antigen—anti-
body complex was visualized with 3.3’-diaminobenzidine
solution (1 mM 3.3’-diaminobenzidine, 50 mM Tris—HCI buffer
(pH 7.6), and 0.006% H,0,) and counterstained with hemat-
oxylin.

Immunoreactivity of the estrogen-producing/metabolizing
enzyme was detected in the cytoplasm of epithelial or carcinoma
cells, and cases that had more than 10% positive cells were con-
sidered positive.*® Immunoreactivity of ER and PR was
detected in the nucleus of epithelial or carcinoma cells. These
immunoreactivities were evaluated in more than 1000 epithelial
or carcinoma cells for each case and subsequently the percent-
age of immunoreactivity, the labeling index (LI), was deter-
mined.

Statistical analysis. The statistical analyses between two
groups were carried out using the Mann—Whitney U-test and
cross-table using the y’-test. Analyses among groups were car-
ried out using Kruskal-Wallis test and cross-table using the
x>-test. P-values <0.05 were considered significant. The rela-
tive ratio between two groups was evaluated by their median
values.
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Fig. 1. Tissue concentrations of estradiol (a) and estrone (b) in
benign breast disease (BBD). Data are represented as box and whisker
plots. The median value is represented by a horizontal line in each
box. The 75th (upper margin) and 25th (lower margin) percentiles of
the values are shown. The upper and lower bars indicate the 90th and
10th percentiles, respectively. Statistical analysis was carried out using
the Mann-Whitney U-test. P-values <0.05 were considered significant,
and are indicated in bold. DCIS, ductal carcinoma in situ; normal,
breast tissue with no significant pathological abnormalities.
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Results

Tissue concentration of estrogens in BBD. We first examined
tissue concentration of estrogens in normal breast, proliferating
BBD, and DCIS tissues using LC-MS/MS. The median (mini-
mum-maximum) value of tissue concentration of estradiol was
29 (4-82) pg/g in normal breast, 98 (3—-674) pg/g in BBD, and
139 (12-494) pg/g in DCIS (Fig. 1a). The median value of
estradiol in BBD was significantly (P =0.02 and 3.4-fold)
higher than that in normal breast, but it was similar (P = 0.89
and 0.7-fold) to that in DCIS. However, the median (minimum-
maximum) value of estrone concentration in normal breast,
BBD, and DCIS was 86 (46-560), 114 (20-195), and 113 (40-
159) pg/g, respectively (Fig. 1b).

Immunolocalization of estrogen-producing/metabolizing enzy-
mes in BBD. We then immunolocalized estrogen-producing
(aromatase, STS, and 17BHSDI1) and metabolizing (EST and
17BHSD2) enzymes in normal breast, proliferating BBD, and
DCIS cases. Aromatase immunoreactivity was negative in the
normal breast (Fig. 2a), but was focally detected in the epithelial
cells in 9 out of 82 (11%) BBD lesions (Fig. 2b,c). Aromatase
immunoreactivity was positive in the carcinoma cells in 13 out
of 28 (46%) DCIS cases, and was also detected in some intratu-
moral stromal cells as reported previously.® Steroid sulfatase
immunoreactivity was negative in normal breast (Fig. 2d)
except for 1 (4%) case; the enzyme was focally detected in epi-
thelial cells in 14 out of 82 (17%) BBD (Fig. 2e,f). Steroid sul-
fatase immunoreactivity was positive in carcinoma cells in 10
out of 28 (36%) DCIS cases. 17BHSD1 immunoreactivity was
detected in epithelial cells or carcinoma cells in 8 out of 28

(29%) normal breasts, 32 out of 82 (39%) BBD, and 17 out of
28 (61%) DCIS cases. Both STS and 17fHSD1 immunoreactiv-
ity was not detected in stromal cells of any of the specimens
examined in this study. Estrogen sulfotransferase immunoreac-
tivity was detected in the epithelial cells in 25 out of 28 (89%)
normal breasts (Fig. 2g), but was positive in only 40 out of 82
(49%) BBD (Fig. 2h,i) and 14 out of 28 (50%) DCIS cases.
17PHSD2 immunoreactivity was detected in epithelial cells or
carcinoma cells in 5 out of 28 (18%) normal breasts, 13 out of
82 (16%) BBD, and 3 out of 28 (11%) DCIS cases, respectively.

Association of immunoreactivity of these enzymes between
BBD and normal breast or DCIS is summarized in Table 1.
Immunoreactivity of aromatase and STS was more frequent in
BBD than normal breast, although the association did not reach
statistical significance (P = 0.07) (Table 1A). Immunoreactivity
of aromatase, STS, and 17BHSD1 was significantly higher in
DCIS than BBD (P < 0.0001 in aromatase; P = 0.04 in STS;
P =0.046 in 17pHSD1). However, EST immunoreactivity in
BBD was significantly (P =0.0004) lower than in normal
breast, but was similar to that in DCIS (P = 0.91) (Table 1B).
No significant association of 17HSD2 immunoreactivity was
detected between BBD and normal breast (P = 0.81) or DCIS
(P = 0.51) in this study.

Statistical association of the estrogen-producing/metabolizing
enzyme immunoreactivity between BBD and normal breast or
DCIS according to the menopausal status is summarized in
Table 2. Aromatase immunoreactivity was significantly
(P = 0.003) higher in DCIS than BBD in premenopausal tissues,
and a similar tendency (P = 0.06) was also detected in postmen-
opausal cases. 17BHSD1 immunoreactivity was significantly

Fig. 2. Representative illustrations of immunohistochemistry for estrogen-producing/metabolizing enzymes in benign breast disease. Aromatase
immunoreactivity was negative in normal breast (a), but was detected in the epithelium of the papilloma (b,c). Aromatase immunolocalization
was observed in a part of the hyperplastic (b) or simple epithelium in the same case (c). Steroid sulfatase immunoreactivity was not detected in
the normal breast (d), but it was positive in the epithelium of the papilloma (e,f). Steroid sulfatase immunoreactivity was observed in a part of
the hyperplastic (e) or simple epithelium in the same case (f). Estrogen sulfotransferase immunoreactivity was detected in normal epithelial cells
(g), but was negative in fibroadenoma (h). Estrogen sulfotransferase immunoreactivity was positive in various degree of hyperplastic epithelium
in usual ductal hyperplasia (i). M, mild hyperplasia component (three to four cell layers thick); S, severe (or florid) hyperplasia component (solid

duct hyperplasia). Bar = 100 um.
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Table 1. Immunoreactivity for (A) estrogen-producing enzymes, (B) estrogen-metabolizing enzymes in normal breast, benign breast disease

(BBD), and ductal carcinoma in situ (DCIS)

Enzymes Immunoreactivity Normal (n = 28) BBD (n = 82) DCIS (n = 28) Patiue
Normal vs BBD BBD vs DCIS
A
Aromatase + 0 (0%) 9(11%) 13 (46%)
- 28 (100%) 73 (89%) 15 (54%) 0.07 <0.0001
STS + 1 (4%) 14 (17%) 10 (36%)
- 27 (96%) 68 (83%) 18 (64%) 0.07 0.0400
17pHSD1 + 8 (29%) 32 (39%) 17 (61%)
- 20 (71%) 50 (61%) 15 (39%) 0.32 0.0460
B
EST + 25 (89%) 40 (49%) 14 (50%)
- 3(11%) 42 (51%) 14 (50%) 0.0004 0.9100
17BHSD2 + 5 (18%) 13 (16%) 3 (11%)
T - 23 (82%) 69 (84%) 25 (89%) 0.8100 0.5100

Data are presented as the number of cases and percentage in each histological group. P-values were evaluated by a cross-table using the y>-test
between two histological groups. P-values <0.05 were considered significant, and are shown in bold. EST, estrogen sulfotransferase; normal,
breast tissue showing no significant pathological abnormalities; STS, steroid sulfatase; 177pHSD1, 17p-hydroxysteroid dehydrogenase type 1.

Table 2. Statistical association of immunoreactivity of estrogen-
producing/metabolizing enzymes between benign breast disease
(BBD) and normal breast or ductal carcinoma in situ (DCIS) according
to menopausal status

Premenopausal tissues Postmenopausal tissues

Normal BBD Normal BBD
(n=20)vs (n=66)vs (n=8)vs (n=16) vs
BBD (n = 66) DCIS (n =20) BBD (n=16) DCIS (n = 16)

Enzymes

Estrogen-producing enzymes

Aromatase 0.16 0.003 0.19 0.06

STS 0.19 0.180 0.19 0.24

17BHSD1 0.98 0.180 0.02 >0.99
Estrogen-metabolizing enzymes

EST 0.01 0.73 0.01 >0.99

17pHSD2 0.45 0.43 0.37 0.01

Data are presented as P-values, evaluated by a cross-table using the

y?-test between two histological groups. P-values <0.05 were

considered significant, and are shown in bold. EST, estrogen
sulfotransferase; normal, breast tissue showing no significant
pathological abnormalities; STS, steroid sulfatase; 178HSD1,
17B-hydroxysteroid dehydrogenase type 1.

(P = 0.02) higher in BBD than normal breast in postmenopausal
tissues. Statistical association of EST immunoreactivity was
detected between BBD and normal breast regardless of the men-
opausal status of subjects examined (P =0.01). 17pHSD2
immunoreactivity was significantly (P = 0.01) lower in DCIS
than BBD in the postmenopausal tissues.

Estrogen receptor and progesterone receptor immunoreactivity
in BBD. Nuclear ER immunoreactivity was detected in the epi-
thelial cells or carcinoma cells of normal breast, BBD (Fig. 3a),
and DCIS. Estrogen receptor LI was significantly (P < 0.0001
and 2.8-fold) higher in BBD than that in the normal breast, and
it was significantly (P < 0.0001 and 3.3-fold) higher in DCIS
than BBD (Fig. 3b). Progesterone receptor immunoreactivity
was also detected in epithelial cells or carcinoma cells of normal
breast, BBD (Fig. 3c), and DCIS. Progesterone receptor LI in
BBD was significantly (P < 0.0001 and 6.5-fold) higher than
that in normal breast, but was not significantly different
(P = 0.39 and 1.0-fold) from that in DCIS (Fig. 3d). Progester-
one receptor LI was positively associated (P =0.002 and
r = 0.34) with ER LI in 82 BBD tissues examined.
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Immunohistochemical features of enzymes in BBD according to
histological types. As summarized in Table 3, no significant
differences of immunoreactivity for aromatase, STS, 17BHSDI1,
EST, 17BHSD2, ER, or PR were detected among four different
histological subtypes of proliferating BBD examined in this
study. It is known that BBD includes variable histological
appearances.?” However, by immunohistochemical observa-
tions, we could not find an association between such a
histological appearance and immunoreactivity of estrogen-
producing/metabolizing enzymes. For instances, immunoreac-
tivity of aromatase (Fig. 2b,c) and STS (Fig. 2e,f) was focally
detected in the papilloma regardless of the degree of epithelial
hyperplasia, and EST immunoreactivity was observed in various
thicknesses of the epithelium in UDH (Fig. 2i).

When we examined an association among immunoreactivity
of estrogen-producing/metabolizing enzymes in 82 BBD tis-
sues, positive association was detected between aromatase and
17BHSD1 (P =0.03), aromatase and 17BHSD2 (P = 0.003),
and STS and 17BHSDI1 (P = 0.02). However, these immunore-
activities were not necessarily colocalized in the same lesions or
constitutive cells of the one lesion within a case by immunohis-
tochemical observations.

Immunohistochemical features of enzymes in DCIS.
Associations between immunoreactivity of estrogen-producing/
metabolizing enzymes and clinicopathological parameters in the
28 DCIS cases are summarized in Table 4. Among these
enzymes, immunoreactivity for EST and 17BHSD2 was inver-
sely associated with ER LI (P =0.01 and P = 0.04, respec-
tively). Immunoreactivity for STS tended to be positively
associated with Van Nuys classification (P = 0.051) in this
study, and a significant positive association between these was
previously reported in 83 DCIS cases.®® No significant associa-
tion was detected among the immunoreactivity of these enzymes
in DCIS cases examined.

Discussion

In our present study, tissue estradiol concentration in BBD was
significantly (P = 0.02 and 3.4-fold) higher than that in normal
breast, and was similar to that in DCIS. Pasqualini ef al.'®
reported that estradiol concentration of FA was three times
higher than the corresponding normal breast in premenopausal
women, which is in good agreement with results of our present
study. Estradiol concentration in normal breast tissue was low
regardless of the menopausal status, although it is very high in
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Fig. 3. Estrogen receptor (ER) and progesterone receptor (PR) immunoreactivity in benign breast disease (BBD). (a,c) Estrogen receptor (a) and
progesterone receptor (c) immunoreactivity was detected in the nuclei of epithelial cells in this case of fibroadenoma. Images show the same
area. Bar = 100 pm. (b,d) Association of ER (b) and PR (d) labeling indexes (LI) between BBD and normal breast or ductal carcinoma in situ
(DCIS). Data are represented as box and whisker plots. The statistical analysis was carried out using the Mann-Whitney U-test. P-values <0.05

were considered significant, and are shown in bold.

Table 3. Immunoreactivity of estrogen-producing/metabolizing enzymes and sex hormone receptors in benign breast disease (BBD) according

to histological types

FA Papilloma SA UDH
Enzymes Immunoreactivity — _ e — e P-value
(n=29) (n =20) (n =16) (n=17).
Estrogen-producing enzymes
Aromatase + 2 (7%) 3 (15%) 3 (19%) 1 (6%)
- 27 (93%) 17 (85%) 13 (81%) 16 (94%) 0.52
STS + 6 (21%) 4 (20%) 3 (19%) 1(6%)
- 23 (79%) 16 (80%) 13 (81%) 16 (94%) 0.59
17BHSD1 - 12 (41%) 10 (50%) 5(31%) 5 (29%)
- 17 (59%) 10 (50%) 11 (69%) 12 (71%) 0.54
Estrogen-metabolizing enzymes
EST + 18 (62%) 9 (45%) 7 (44%) 8 (47%)
- 11 (38%) 11 (55%) 9 (56%) 9 (53%) 0.54
17BHSD2 + 2 (7%) 4 (20%) 3 (19%) 4 (24%)
- 27 (93%) 16 (80%) 13 (71%) 13 (76%) 0.41
Sex hormone receptors
ER LIt NA 31 (0-74) 23 (4-88) 21 (4-89) 42 (0-82) 0.65
PR LI+ NA 45 (1-86) 24 (0-82) 28 (0-77) 44 (0-82) 0.1

tData represent median (minimum-maximum), and P-values were evaluated by the Kruskal-Wallis test. Other values are presented as the
number of cases and percentage in each histological group, and P-values were evaluated by a cross-table using the y>-test. ER, estrogen
receptor; EST, estrogen sulfotransferase; FA, fibroadenoma; NA, not applicable; normal, breast tissue showing no significant pathological
abnormalities; PR, progesterone receptor; SA, sclerosing adenosis; STS, steroid sulfatase; UDH, usual ductal hyperplasia; 17BHSD1,

17B-hydroxysteroid dehydrogenase type 1.

plasma before menopause.®> However, the estradiol concentra-
tion was fivefold higher in invasive breast carcinoma tissue than
plasma in premenopausal women,® and intratumoral estradiol
level in DCIS was nearly comparable to that in invasive breast
carcinoma.®® Therefore, these data suggest that estradiol is pre-
dominantly metabolized in normal breast tissue, but its concen-
tration is significantly increased in the proliferating BBD at a
level comparable with that of breast carcinoma.

2290

Among the enzymes examined in this study, statistically sig-
nificant association was detected between normal breast and
BBD only in the cases of EST (Table 1), and EST immunoreac-
tivity was significantly (P = 0.004) lower in BBD than normal
breast. Estrogen sulfotransferase is the only sulfotransferase that
displays affinity for estradiol in a physiological concentration
range, and the sulfating activity for estradiol was stronger than
that for estrone.'”?”?® Estrogen sulfotransferase is expressed
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Table 4. Statistical association between immunoreactivity of
estrogen-producing/metabolizing enzymes and clinicopathological
parameters in 28 cases of ductal carcinoma in situ

Enzymes Patient  Menopausal Vap.Nuys ERU PRL
age status classification
Estrogen-producing enzymes
Aromatase 0.91 0.95 0.370 0.17 0.56
STS 0.58 0.99 0.051 0.25 0.98
17BHSD1 0.08 0.16 0.690 0.16 0.12
Estrogen-metabolizing enzymes
EST 0.25 0.52 0.610 001 0.27
17BHSD2 0.37 0.71 0.250 004 037

Data are presented as P-values, evaluated by a cross-table using the

x2-test or the Mann-Whitney U-test. P-values <0.05 were considered

significant, and are shown in bold. 17BHSD1, 17B-hydroxysteroid
dehydrogenase type 1; ER, estrogen receptor; EST, estrogen
sulfotransferase; LI, labeling index; PR, progesterone receptor;
STS, steroid sulfatase.

in a wide variety of human tissues including breast, and is
considered to be involved in protecting perigheral tissues from
circulating excessive estrogenic effects.*>*> Estrogen sulfo-
transferase immunoreactivity in breast carcinoma was frequently
decreased compared to that in normal breast tissue, and was also
shown to be inversely correlated with the tumor size or lymph
node status.?? Falany er al.®® reported that MCF-7 breast
carcinoma cells transfected with EST possessed EST at levels
similar to normal human mammary epithelial cells, and these
cells were actually associated with much lower estradiol-stim-
ulated cell proliferation than controgl MCF-7 cells that do not
express EST. Moreover, Fu e al.®" very recently examined
EST mRNA expression in an MCF-10A-derived lineage cell
culture model, and reported that EST was abundantly
expressed in MCF-10A and preneoplastic MCF-10AT1 cell
lines, but was also markedly repressed in neoplastic MCF-
10A-derived cell lines as well as in MCF-7 cells. These results
all suggest that the loss of EST expression results in the
increased local estradiol level in BBD by reducing its metabo-
lism. Thus, EST is a possible key regulator of the estradiol
concentration in BBD.

A great majori Y of BBD is well known to occur in premeno-
pausal women,~?>* which may be partly explained by
decreased EST expression in BBD, as indicated in our present
study. However, it is also true that some cases of BBD arise
after menopause when serum estradiol level is negligible. In our
present study, the immunoreactivity of aromatase and STS
tended to be higher in BBD than normal breast, although P val-
ues did not reach statistical significance (P = 0.07). 17pHSDI
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estrogen and progesterone receptors in benign breast diseases. Zentralbl
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immunoreactivity was also significantly higher in BBD than nor-
mal breast in postmenopausal tissues. Pasqualini et al.
reported that STS activity in BBD was significantly higher than
in corresponding normal breast tissue. 17BHSD1 immunoreac-
tivity was also shown to be progressively increased according to
UDH, ADH, and DCIS,® and Miyoshi et al.®® reported that
17BHSD1 mRNA levels in invasive breast carcinoma were sig-
nificantly higher in postmenopausal than in premenopausal tis-
sue, suggesting the importance of 17BHSD1 associated with
increased estradiol levels, especially in postmenopausal patients.
Therefore, expression of estrogen-producing enzymes, such as
aromatase, STS, and 17pHSD1, may also contribute to an incre-
ment of estradiol concentration in BBD.

In our study, ER and PR immunoreactivity was significantly
higher in proliferating BBD than normal breast. Previous reports
also indicated that ER and PR expression was increased in BBD
compared to normal breast at both mRNA and protein
levels. 72103637 Results of our present studies are consistent
with these results. In addition, our present study also showed
significant (P =0.002 and r=0.34) positive association
between ER and PR immunoreactivity in BBD. Progesterone
receptor expression is mainly regulated by estradiol through ER,
and PR immunoreactivity in general reflects functional estrogen
actions in breast carcinoma.®®3? Cell proliferation activit
of ER-positive cells was higher in BBD than normal breast.®
As the immunoreactivity of estrogen-producing/metabolizing
enzymes and sex hormone receptors was not significantly differ-
ent among the histological types of proliferative BBD, as shown
in Table 3, increased estrogen actions are postulated to be
mainly associated with the progression, rather than the morpho-
genesis or pathogenesis, of the BBD lesion. In addition, gglifer—
ating BBD represents a risk factor for breast carcinoma, ) and
Shekhar et al.“®? showed that estradiol treatment frequently
resulted in atypical hyperplasia, carcinoma in situ, and invasive
carcinoma from proliferative BBD using an MCF-10AT xeno-
graft model. Therefore, an increment of estradiol level in BBD
due to aberrant expression of estrogen-producing/metabolizing
enzymes may play an important role in accumulation of estra-
diol-mediated growth and subsequent development of breast car-
cinoma in BBD. Further investigations are warranted to clarify
this issue.
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