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Table 2

List of genes showed more than 10-fold expression ratio in V1 compared to T-47D cells.

Fold Change Entrez gene ID Gene symbol Official full name

438.2 354 KLK3 (PSA) Kallikrein-related peptidase 3

1134 1734 DIO2 Deiodinase, iodothyronine, type Il

107.3 1644 DDC Dopa decarboxylase

68.7 4604 MYBPC1 Myosin binding protein C, slow type

57 54498 SMOX Spermine oxidase

55.5 4837 NNMT Nicotinamide N-methyltransferase

51.2 214 ALCAM Activated leukocyte cell adhesion molecule

452 83539 CHST9 Carbohydrate (N-acetylgalactosamine 4-0) sulfotransferase 9
44 3248 HPGD Hydroxyprostaglandin dehydrogenase 15-(NAD)

40.7 23767 FLRT3 Fibronectin leucine rich transmembrane protein 3

371 9073 CLDN8 Claudin 8

35.2 7704 ZBTB16 Zinc finger and BTB domain containing 16

29.8 9172 MYOM2 Myomesin (M-protein) 2

27 963 CD53 CD53 molecule

253 10720 UGT2B11 UDP glucoronosyltransferase 2 family, polypeptide B11
24 91464 1SX Intestine-specific homeobox

19.5 23498 HAAD 3-Hydroxyanthranilate 3,4-dioxygenase

184 2668 GDNF Glial cell derived neurotrophic factor

16.4 7364 UGT2B7 UDP glucuronosyltransferase 2 family, polypeptide B7
14.2 7365 UGT2B10 UDP glucuronosyltransferase 2 family, polypeptide B10
14 8644 AKRIC3 Aldo-keto reductase family 1, member C3

13 2554 GABRA1 Gamma-aminobutyric acid (GABA) A receptor, alpha 1
12.8 8529 CYP4F2 Cytochrome P450, family 4, subfamily F, polypeptide 2
11.6 126 ADH1C Alcohol dehydrogenase 1C (class I), gamma polypeptide
10.7 11283 CYP4F8 Cytochrome P450, family 4, subfamily F, polypeptide 8

Gene performed real-time PCR is noted in boldface.

(Fig. 4B). Only 105 genes (27%) showed a similar level of expression
in V1 and T-47D cells (Group C; ratio 0.5-2.0).

Networks of top-ranked androgen-induced genes in V1 and
T-47D were determined by Ingenuity Pathway Analysis (Fig. 4C).
Gene networks in V1 contained genes associated with “cell-to-cell
signaling and interaction” (CCL7, CCL11, GDNF, IL8, PDC1LG2), “cell
cycle” (CD37, GDNF, STAT4, ZBTB16), and “cellular development”
(GDNF, IFNA7, MPL, ZBTB16) (left panel), while those in T-47D cells
were associated with “the nervous system development and
functions” (CDH2, GLI2, NEUROD1, UNC5C), “tissue development”
(ARHGAP26, BMX, CDH2, DLL4, GLI2, NEDD9, NEUROD1, PCDHGC(3,
PGF, UNC5C), and “cell-to-cell signaling and interaction”
(ARHGAP26, BMX, CDC42EP3, CDH2, DLL4, FNPP2, GLI2, NEDDS,
PGF, PTPRM, TPO, UNC5C) (right panel). These results indicate that
the expression profile of androgen-induced genes differed
markedly between the variant and parental cell lines.

Of the genes classified into Group A in Fig. 4B, 25 genes showed
more than a 10-fold difference in expression between V1 and
T-47D cells (Table 2), with KLK3 (PSA) exhibiting the greatest
difference (438-fold). The third highest, DDC (1-DOPA decarboxyl-
ase; 107-fold), has been reported as an AR coactivator in prostate
carcinoma {2425}, but no information is currently available
regarding its involvement in breast carcinoma. DDC expression
levels were validated by real-time PCR. DDC mRNA expression was
22-fold and 36-fold higher in V1 and V2 cells, respectively, than
in the T-47D cells (Fig. 4D). Moreover, the DDC-inhibitor
NSD-1015 decreased the DHT-induced PSA mRNA expression in
variant cell lines in a dose-dependent manner (Fig. 4E). These
results suggest that DDC plays an important role in increasing the
AR activity in variant cell lines.

4, Discussion

This is the first report to evaluate AR activity in Al-resistant
recurrent breast carcinoma. All the recurrent samples examined in
this study were regarded as Al-resistant carcinoma because all the
cases relapsed during the adjuvant Al therapy. In this study, PSA
expression was frequently detected in recurrent breast carcinoma.

The stable variant cell lines established as Al-resistance models
demonstrated AR-dependent cell proliferation and overexpressed
PSA.These data suggest that increased AR activity has an oncogenic
role in Al-resistant breast carcinoma.

PSA expression was significantly higher in recurrent tumor
tissues than in the corresponding primary lesions. PSA expression
was also significantly higher in the V1 and V2 variant cell lines than
in the parental T-47D cells. PSA was originally believed to be a
tissue-specific protein produced by epithelial cells of the prostate
gland. Several androgen-responsive elements (AREs) have been
identified in the PSA promoter region {21]. PSA expression is
markedly induced by DHT in AR-positive breast carcinoma cell
lines, and it is now recognized as a potent androgen-induced
protein in breast carcinoma cells as well as prostate carcinoma
cells {26]. PSA immunolocalization has been reported in female
breast carcinoma {17,27-29}, and Kraus et al. { 17] recently showed
that PSA immunopositivity was 4% (2 of 56 cases), which is in good
agreement with our data (5%). Altogether, our data and previous
reports suggest that the AR activity is increased in Al-resistant
recurrent lesions.

Androgenic activity is characterized by the functions of
androgen-induced genes. Thus, examination of the expression
profiles of androgen-induced genes in variant and T-47D cell lines
was important to obtain a better understanding of androgen
activity in Al-resistant cells. Interestingly, of the 390 androgen-
induced genes identified by microarray analysis, only 12 (3%) were
common to V1 and T-47D cells (Fig. 4A). Kabos et al. | 30] reported
that the patient-derived luminal breast cancer xenografts had
diverse responses to endocrine therapy and had different
tumor-specific ER transcriptomes. Similarly, our results showed
that the V1 and T-47D cells had different AR-transcriptomes.
Therefore, the molecular functions of the AR in Al-resistant
recurrent lesions may be markedly different from their primary
lesions. Moreover, we found that 25 androgen-induced genes
whose expression was more than 10-fold higher in V1 than in
T-47D cells. These genes included DDC (1-DOPA decarboxylase)
(107-fold), known as an AR-coactivator {24}, and AKR1C5 (14-fold),
which synthesizes testosterone from androstenedione {31}

— 117 —



R. Fujii et al./ Journal of Steroid Biochemistry & Molecular Biology 144 (2014) 513-522 521

(Table 2). In the present study, the growth of parental T-47D cells
was slightly increased by DHT (Fig. 3C), although the proliferation
effect was smaller than that mediated by estrogen (Fig. 20).
Although the T-47D cells certainly depend on ER signals for the
most part, they may also have an AR-mediated proliferative
pathway. In the process of adapting to estrogen-depleted and
androgen- supplemented conditions, variant cell lines lost their ER
and depended on the AR-mediated pathway for proliferation. In
addition to increased AR expression, altered expression profiles of
the androgen-induced genes may partly contribute to an increased
AR activity in Al-resistant cell lines.

In our study, ER and PR LIs were significantly lower in the
recurrent breast carcinoma tissues, with similar findings for
variant cell lines. The PR expression is considered to indicate an
intact estrogen-signaling pathway [32] and is often used as an
indicator of a response to endocrine therapy for breast carcinoma
{331. A fraction of the ER-positive breast carcinomas lose the ER
immunoreactivity until recurrence [341. Of the patients who
received adjuvant hormonal treatment, 9 of 49 (18%) converted
from ER-positive in the primary tumor to ER-negative in the
recurrent lesions {35}, which is consistent with our present results.

We have established several Al-resistant cell lines that depend on
an ER-mediated pathway from MCF-7 cells { 36,37]. Moreover, there
have been many reports that the LTED (long-term estradiol
deprivation) cells overexpressed ER [5,6]. However, in this study,
established cell lines from T- 47D lost the ER expression. Inaddition, a
previous study has reported that the T-47D cell line lost the ER under
long-term estrogen- deprived conditions [ 3&]. The T-47D cells may
easily develop other proliferative pathways without the ER in an
estrogen-free environment. These Al-resistantcell lines indicate that
the character of parental cell lines determines the distinct types of
resistance mechanisms.

Possible interaction between the ER and AR function has been
proposed by several groups. Panet- Raymond et al. {39] reported
that co-expression of the ER and AR decreased the AR trans-
activation, and Takagi et al. [16] suggested that the androgen
activity is suppressed in breast carcinoma by predominant
estrogen activity. Therefore, these observations suggest that
increased AR activity in recurrent lesions is, at least in a part,
caused by decreased estrogén activity due to Al treatment.

In our study, Ki-67 LI was significantly higher in recurrent
tissues, and the results of in vitro experiments revealed that the
DHT significantly increased proliferation in variant cell lines. AR
is generally considered to exert anti-proliferative effects in
ER-positive breast carcinoma cells [40], but some divergent
findings have been reported {41]. Recent studies suggest that
the AR activity might differ with breast carcinoma subtype [ 14].
ER-negative breast carcinoma cell lines frequently exhibit
AR- mediated cell proliferation, similar to prostate carcinoma;
cross-talk between the AR and HER2 signaling pathway has been
suggested [12,13]. Harvell et al. {42] demonstrated that the AR level
in breast carcinoma after neoadjuvant Al therapy increased in Al
non-responders, but decreased in responders, suggesting that the
AR may play an important role in resistance to endocrine therapy
in ER-positive breast carcinoma. Foekens et al. [43] reported that
the PSA level in breast tumor cytosol correlated with poor response
to tamoxifen therapy in the recurrent disease. Altogether with
these reports, our results indicate that the AR activity may be more
oncogenic in the Al-resistant breast carcinoma.

PSA expression was not always observed in the recurrent tissues
in our study, suggesting that the induction of an AR-mediated
proliferation pathway is one of the Al-resistance mechanisms.

Kabos et al. [30} suggested that the acquired resistance
mechanisms differ in each individual tumor, which may
explain our findings. We are currently establishing several breast
carcinoma cell lines to use as Al-resistance models under

estrogen-depleted and androgen-supplemented conditions.
Androgen metabolite-dependent and estrogen-depletion-resistant
cells derived from the MCF-7 cells were recently reported to show
dose-dependent activation of ER functions by the estrogenic
androgen 5a-androstane-3(3,173-diol (3B-diol) and markedly
decreased AR expression | 36]. In addition, several ER-independent
proliferative pathways have been reported as Al-resistance
mechanisms, including up-regulation of the ER-mediated pathway
[5,6], the growth factor receptor- mediated pathways {781},
mitogen-activated protein kinase (MAPK), and phosphatidylinosi-
tide 3- kinase (PI3K)/Akt [6,9,37]. Therefore, acquired Al-resistance
mechanisms are suggested to be diverse and appropriately
targeted therapies, according to case are required.

The AR was recently reported to have therapeutic potential in
some breast carcinomas. A phase II trial of bicalutamide for
ER-negative/AR-positive metastatic breast carcinoma showed the
efficacy of AR-blockade in these patients {44}, and a phase II trial
evaluating the efficacy of the AR-inhibitor enzalutamide in
combination with exemestane in advanced ER-positive breast
cancer patients is ongoing (NCT02007512). The results of our
present study suggest that AR inhibitors may be effective in a select
group of Al-resistant breast carcinoma patients, and the PSA status
may be a useful indicator of the response. Further investigations
are needed to clarify the clinical significance of AR inhibitors in
Al-resistant breast carcinoma.

In summary, examination of the immunohistochemical features
of 21 Al-resistant recurrent breast carcinomas demonstrated that
the PSA expression and the Ki-67 LI were increased and ER LI and
PR LI were decreased in the recurrent lesions compared to the
corresponding primary lesions. Moreover, we established two
Al-resistant breast carcinoma cell lines and demonstrated that
both PSA expression and AR-mediated cell proliferation were
increased in these cell lines compared to a parental cell line. The
expression profiles of androgen-induced genes in Al-resistant cells
differed markedly from parental cells. These results suggest that
the increased oncogenic AR activity in recurrent breast carcinoma
is a mechanism of acquired Al-resistance, and the AR inhibitors
may be effective in a select group of patients.
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' nvasive lobular carcinoma accounts for approximately 10%
and its incidence

of all breast invasive carcinoma cases,

invasive lobular carcinoma (ILC) accounts for approximately 10% of all breast
carcinomas and is characterized by higher levels of androgen receptor (AR)
compared to invasive ductal carcinoma (IDC). Despite this potentially androgen-
responsive environment, the combined importance of AR and androgen metabo-
lism in non-neoplastic lobules and lobular carcinoma remains unknown. There-
fore, in this study, we evaluated the status of pivotal androgen-producing
enzymes 17f-hydroxysteroid dehydrogenase type 5 (17§HSD5) and 5a-reductase
type 1 (5aRed1) in 178 cases of ILC and surrounding histologically non-neoplastic
lobular tissue using immunohistochemistry. Androgen receptor prevalence was
higher but androgenic enzymes lower in ILC than non-neoplastic lobules. In ILC
cases the status of 5uRed1 and 17fHSD5 was inversely correlated with tumor size
(P = 0.0053) and nuclear grade (P = 0.0290), and significantly associated with bet-
ter overall survival of the patients (P = 0.0059). Based on these findings, we
hypothesized that androgen signaling could act as a tumor suppressor. As previ-
ous studies suggested that androgens might partially act by increasing levels of
the estrogen inactivating enzyme 17-hydroxysteroid dehydrogenase type 2
(17pHSD2) in IDC tissues, this was reasonably considered a potential mechanism
of androgen actions. Significantly positive correlation was detected between the
status of androgenic enzymes and 17BHSD2 (P < 0.0001) and intratumoral
17pHSD2 was inversely correlated with tumor size in ILC (P = 0.0075). These corre-
lations suggest one protective mode of androgen action could be through modu-
lation of estrogen metabolism. Results of our present study indicated that
androgen-producing enzymes could play pivotal protective roles in AR-enriched
ILC cases.

significance of androgen signaling is different depending on
the presence or absence of ER and the equilibrium of signaling
between these male and female hormones is proposed to exert

is increasing among postmenopausal women.”® Invasive lobu-
lar carcinoma is distinguished from IDC by pathological, bio-
logical, and molecular characteristics. Invasive lobular
carcinoma is especially characterized by the loss of E-cadherin
in carcinoma cells,(5” which plays a hallmark role in histo-
pathological differentiation from IDC. In addition, ILC patients
generally have larger tumor size and more abundant ER/PR
content but, paradoxically, lower cell proliferation compared to
IDC patients."* This very abundance of ER/PR has been
postulated to account for a better response to adjuvant hor-
mone therapy in ILC compared to IDC patients.®

In addition to estrogens and progesterones, androgens have
been recently considered to play pivotal roles in both the pres-
ence and absence of ER and PR. Androgens exert their actions
through AR, the presence of which is reported in the great
majority of breast cancer patients, more frequently than ER
and PR.“%'") The presence of AR is particularly marked in
ILC with expression in 90% of ILC patients compared to 56%
in IDC patients.®'? In addition, the clinical or biological

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

This is an open access article under the terms of the Creative Commons
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reproduction in any medium, provided the original work is properly cited and is
not used for commercial purposes.

an important im}aact upon the biological or clinical significance
of the patients.">'® In general, androgen actions in the pres-
ence of ER antagonize ER binding, subsequently resulting in
suppression of estrogen-mediated tumorigenesis. This hypothe-
sis has been supported by results of in vitro studies indicating
suppressed estrogen signaling by direct binding of AR to ER
responsive element'’> and suppression of cell proliferation by
androgen treatment.”'*™'®

The delicate equilibrium between androgen and estrogen sig-
naling in breast carcinoma cells is first and foremost regulated
by the levels of androgen and estrogen receptors”>**% but an
additional level of regulation comes from intracrine metabo-
lism of steroid hormones.®V It is entirely true that the status
of intratumoral androgen metabolism has been less frequently
explored than that of estrogen, but the contribution of this
intracrine system to the generation of androgen signaling
within tissues is supported by the significantly increased local-
ized levels of potent androgen DHT in postmenopausal breast

Cancer Sci | November 2014 | vol. 105 | no. 11 | 1503-1509
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cancers.?>?> Therefore, it is also pivotal to study the status of
intratumoral androgen metabolism in breast cancer. The two
principle androgen metabolizing enzymes are 17BHSD5 and
50Red1.® We have previously reported that the co-expres-
sion of AR and 50Redl in invasive ductal carcinomas was
indeed associated with better clinical outcome of the patients
with IDC,? which is consistent with the overall roles of
androgens as tumor suppressors in ER-positive or luminal-type
breast carcinoma.

In addition, Als, considered the gold standard of endocrine
therapy of ER-positive postmenopausal breast cancer patients,
have been reported to exert antitumor effects through not only
decreasing the levels of estrogens available for carcinoma cells
but also increasing intratumoral androgen concentrations, most
probably due to the precursor—product relationship between
intratumoral androgens and estrogens.®®® Recently we
showed that the increased androgen concentration in breast
cancer tissues following Al exemestane treatment was signifi-
cantly associated with an increment of 17BHSD2. The latter is
well known to decrease the levels of potent estrogens, estra-
diol, and thus overall estrogen signaling.®>*” In addition, we
also reported an increased expression level of 17BHSD2 by
DHT or exemestane treatment in a breast carcinoma cell line,
suggesting 17BHSD2 expression does reflect intratumoral
androgenic actions in breast cancer tissues and could possibly
account for the tumor suppressive actions of androgen signal-
ing in estrogen-dependent breast cancers.

Invasive lobular carcinoma has been reported to have more
abundant AR in carcinoma cells than IDC, as described
above,®'? but the clinical and biological significance of
androgen signaling has remained largely unexplored. In studies
attempting this comparison, the interpretation of their findings
has been extremely difficult due to the relative rarity of ILC
and the high prevalence of AR in ILC patients. In addition,
the prevalence of AR and androgen-synthesizing enzymes in
non-neoplastic human lobular tissues as compared to carcino-
mas has been virtually unknown. Therefore, in this study, we
examined the intratumoral status of AR and androgen-produc-
ing enzymes in non-neoplastic lobules and ILC tissues in order
to assess the associations between increased androgen produc-
tion and/or signaling and various clinicopathological factors of
ILC cases, including clinical outcome of the patients. We also
studied the status of the androgen-induced estrogen metaboliz-
ing enzyme 17BHSD2 and compared its status with that of the
androgenic enzymes to further explore the mechanisms of
androgen actions in ILC patients.

Materials and Methods

Formalin-fixed, paraffin-embedded tissues. Invasive lobular
carcinoma cases examined in this study were all surgical speci-
mens retrieved from surgical pathology files of Tohoku Uni-
versity Hospital (Sendai, Japan), Sagara Hospital (Kagoshima,
Japan), and Tohoku Kosai hospital (Sendai, Japan). None of
the patients received hormonal therapy prior to surgery; in the
few patients that had received chemotherapy before surgery,
results were no different from those who did not. The mean
age of the patients was 57 years (range, 32-91). Clinicopatho-
logical findings including menopausal status, stage, nuclear
grade, ER, PR, Her2, and Ki-67 were available in all of the
cohorts examined, and data regarding the tumor size and clini-
cal outcome available in the cohorts of Tohoku University
Hospital and Kosai Hospital. Invasive ductal carcinoma cases
examined in this study were also retrieved from surgical

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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pathology files of Tohoku University Hospital. The mean age
was 59 years (range, 34-82). All the specimens had been fixed
with 10% formalin and embedded in paraffin. The research
protocol was approved by the Ethics Committee at Tohoku
University School of Medicine and review boards of all parti-
cipating institutions.

Fresh frozen tissues. In addition to the 10% formalin-fixed
and paraffin-embedded tissues described above, four ILC and
four IDC fresh-frozen specimens were available for RT-PCR
study. These specimens were obtained from Sagara Hospital
and Tohoku University Hospital in 2010 and 2011. The clini-
copathological findings, including age and the ER/PR and
Her2 status of the patients, are summarized in Table 1. The
research protocol was approved by the Ethics Committee of
Tohoku University School of Medicine and the Sagara Hospi-
tal review board.

Immunohistochemistry. Staining for 17BHSDS, 5oRedl, AR,
and 17BHSD2 was carried out, as summarized in Table 2. A
Histofine Kit (Nichirei Bioscience, Tokyo, Japan), based on
the biotin—streptavidin method, was used for immunohisto-
chemical staining in this study. After deparaffinization, antigen
retrieval was carried out by heating the slides in an autoclave
at 120°C for 5 min in citric acid buffer (2 mM citric acid and
9 mM trisodium citrate dehydrate [pH 6.0]) for immunostain-
ing of 17BHSDS5 and AR. The antigen—antibody complex was
visualized with 3, 3/-diaminobenzidine solution (1 mM 3, 3'-
diaminobenzidine, 50 mM Tris—HCl buffer [pH 7.6], and
0.006% H,0,) and counter-stained with hematoxylin.

Evaluation of immunoreactivity. Androgen receptor immuno-
reactivity was assessed by LL®” Immunoreactivity was
detected in the nuclei. We counted more than 1000 breast car-
cinoma cells in each case. Subsequently the percentage of
immunoreactivity was determined. Labeling index was used to
obtain a proportion of immunoreactive tumor cells. The cases
with <10% positivity were considered negative according to
our previous reports.*> Both 17BHSD5 and 5oRed] immuno-
reactivity was detected in the cytoplasm, and the cases were
tentatively classified into the following two groups: negative,
0-50%; positive, 50-100%, as previously described.®® Immu-
noreactivity of 17BHSD2 was also detected in the cytoplasm
and classified into two groups: negative, 0—10%; and positive,
10-100%.°7

Reverse transcription-polymerase chain reaction. Total RNA
of IDC and ILC tissues were extracted using TRIzol (Invitro-
gen, Carlsbad, CA, USA). Complementary DNA for RT?
qPCR was synthesized using RT* First Strand Kit in accor-
dance with manufacturer’s protocol. All IDC and ILC cases

Table 1. Characteristics of invasive ductal carcinoma (IDC) and
invasive lobular carcinoma (ILC) cases used for RT-PCR analysis

Age, years ERt PRY Her2
IDC-1 47 5 5 -
IDC-2 76 5 3 —
IDC-3 60 5 4 -
IDC-4 46 5 4 —
HC-1 60 5 5 -
ILC-2 55 5 5 -
ILC-3 52 5 4 —
ILC-4 48 5 5 -

TPositivity is presented as: 5, 90-100%; 4, 50-90%; 3, 10-50%; 2, 1-
10%; 1, 0-1%; 0, 0%. —, Not detected; ER, Eestrogen receptor; PR, Ppro-
gesterone receptor; Her2, human epidermal growth factor receptor 2.
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Table 2. Antibodies used for immunostaining of androgen-producing enzymes in 178 cases of invasive lobular carcinoma and surrounding

non-neoplastic lobular tissue

Primary antibody Dilution Source Host Antigen retrieval
17BHSDS 1:200 Sigma (St. Louis, MO, USA) Mouse Autoclave
S5aRed1 1:1000 Abcam (Cambridge, UK) Goat None

AR 1:50 Dako (Kyoto, Japan) Mouse Autoclave
17pHSD2 1:200 Proteintech (Chicago, IL, USA) Rabbit None

178HSD2, 17p-hydroxysteroid dehydrogenase type 2; 178HSD5, 17-hydroxysteroid dehydrogenase type5; 5a-Red1, 5a-Reductase type 1; AR, Aan-

drogen receptor.

were analyzed for 17BHSD2 expression using RT* SYBR
Green qPCR Mastermixes (Qiagen, Hilden, Germany). Poly-
merase chain reaction was carried out in an ABI7500 Real-
Time PCR System (Applied Biosystems, Foster City, CA,
USA). Data analyses were carried out with the web-based soft-
ware package for the RT? Profiler PCR Array Data Analysis
(http://www .sabiosciences.com/per/arrayanalysis.php).

Statistical analysis. All statistical analyses were carried out
using JMP Pro 9.0.2 (SAS Institute Japan, Tokyo, Japan). The
associations between androgenic enzymes and clinicopatholog-
ical parameters of the cases examined were evaluated using
Student’s r-test or the x°-test depending on whether the vari-
able was continuous or categorical. Both DES and OS were
analyzed according to the Kaplan-Meier method, and the sta-
tistical significance was assessed using the log-rank test. Uni-
variate and multivariate analyses were employed in this study
using Cox’s proportional hazard model. These analyses were
limited to the cases with at least 5 years follow-up duration
(2008 or earlier surgical date) due to the long latency period
associated with this neoplasm.

Results

Immunoreactivity in ILC cases and adjacent non-neoplastic lob-
ules. Androgen receptor immunoreactivity was detected in the
nuclei of tumor cells, and 17BHSDS and 50Red] immunoreac-
tivity in the cytoplasm of tumor cells (Fig. 1). Androgen
receptor was highly prevalent with positive nuclei detected in
almost all the carcinoma cells in ILC. In ILC, AR-positive
cases (defined as >10% LI) were 97.8% (174 cases out of 178)
and the mean value of AR LI was 90.6 = 1.4 (range,
0-100%). The proportion of 17BHSDS- and 5aRedl-positive
cases (defined as >50% tumor cells of cytoplasmic immunore-
activity) were 61.8% and 53.4%, respectively, with 34.8% dou-
ble-positive for both enzymes.

The status of AR and androgenic enzymes in non-neoplastic
lobular epithelial cells adjacent to ILC was also examined in
this study. Androgen receptor immunoreactivity was also
detected in non-neoplastic lobular epithelium but its prevalence
was lower than that in carcinoma. When quantified, all non-
neoplastic lobular epithelium in the cases examined (n = 28)
were AR-positive (defined as >10% LI) and the mean value of
AR LI was 63.2 4 4.0 (range, 30-95%). The 17BHSDS5- and
SoRedl-positive cases (defined as >50% tumor cells of cyto-
plasmic immunoreactivity) constituted 89.3% (25 cases out of
28) and 71.4% (20 out of 28), respectively. Immunoreactivity
of both AR and androgenic enzymes were only sporadically
detected in basal or myoepithelial cells of the non-neoplastic
lobules adjacent to ILC.

The AR LI score was significantly higher in ILC than adja-
cent non-neoplastic lobular epithelium (P < 0.0001) but
17BHSD5 and SoRedl were significantly higher in non-
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neoplastic adjacent lobular epithelium than in ILC (P = 0.0028
and P = 0.0128, respectively). The status of AR in non-
neoplastic lobular epithelium was similar to that in ductal
epithelium, although not quantified.

Correlations of intratumoral androgen metabolizing enzymes
and clinicopathological factors in ILC cases. The AR-negative
cases (n = 4) were excluded to analyze the effects of androgen
metabolizing enzymes on AR-mediated actions in ILC. We
tentatively classified the 174 AR-positive ILC cases into the
following two groups: a 17BHSD5 and 5aRedl double-nega-
tive cohort of patients lacking any form of androgen synthesis
(45 samples); and a group encompassing all other cases (129
samples) according to the potential local production of andro-
gens. The associations between the status of intratumoral
androgenic enzymes and clinicopathological parameters of the
patients are summarized in Table 3. Age, menopausal status,
ER, Her2, and Ki-67 status were not correlated with the status
of intratumoral androgenic enzymes. Stage and the status of
PR tended to be inversely correlated with that of intratumoral
androgenic enzymes (P = 0.0720 and P = 0.0663, respec-
tively). Tumor size and nuclear grade were inversely correlated
with the status of intratumoral androgen metabolizing enzymes
(P =0.0053 and P = 0.0290, respectively). The mean tumor
size was also higher in the 17BHSD5-54Red] double-negative
group of patients (Fig. 2), suggesting the correlation of tumor
size with the presence of intratumoral androgenic enzymes.

Correlation between status of intratumoral androgenic
enzymes and clinical outcome. Data regarding OS and DFS
were available for cases from Tohoku University Hospital and
Tohoku Kosai Hospital. As the cases were limited to those that
had a follow-up period >5 years, the number available for this
analysis was 72. Despite the relatively small number of cases
examined, the absence of intratumoral androgenic enzymes
was significantly associated with adverse OS (Fig. 3a) but not
with DFS (Fig. 3b) and this association still remained signifi-
cant in the multivariate analysis (model including ER, PR,
stage, and enzyme status; data not shown).

Androgen and 17pHSD2-producing enzymes in ILC. It was pre-
viously reported that 17PHSD2 reflected intratumoral andro-
genic actions in breast cancer.?” In this study, 17pHSD2
mRNA levels were quantified in the four ILC and four IDC
cases summarized in Table 1 with RT? gPCR, in order to com-
pare 17BHSD2 mRNA expression between ILC and IDC cases.
As illustrated in Figure 4(a), the amount of 17BHSD2 mRNA
expression was 4.8-fold higher in ILC than IDC cases
(P = 0.0775). The 17pHSD2 immunoreactivity was also exam-
ined in order to further explore the significance of this particu-
lar enzyme with relation to androgen actions. Fifty-four IDC
cases (Tohoku University Hospital) were selected so that ER,
PR, Her2, Ki-67, stage, AR, 17BHSD3, and 50Redl status did
not differ significantly with 46 ILC cases (Tohoku University
Hospital). Immunoreactivity of 178HSD2 was detected in the

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.

— 122 —



Original Article
Androgen metabolism and actions in ILC

AR

H&E

Positive

Negative

Fig. 1.

www.wileyonlinelibrary.com/journal/cas

17BHSD5 5aRed1

Representative illustrations of androgen receptor (AR), 17p-hydroxysteroid dehydrogenase type 5 (17BHSD5), and 5a-Reductase type 1

(50Red1) immunohistochemistry in AR+/178HSD5+/50Red1+ (b—d) and AR—/17BHSD5—/5aRed1— (f-h) invasive lobular carcinoma cases. Hema-
toxylin—eosin staining (a,e). Androgen receptor was immunolocalized in the nuclei of carcinoma cells (b,f), and 17BHSD5 (c,g) and 5xRed1 (d,h)

immunolocalized in the cytoplasm of carcinoma cells. Scale bar = 100 um.

Table 3. Associations between the status of intratumoral androgenic
enzymes and clinicopathological parameters in androgen receptor
(AR)-positive invasive lobular carcinoma (ILC) cases (n = 174)

17BHSD5/5xRed 1
— P Others il
n =45 (25.9%) n =129 (74.1%)
Age,t (years) 56.0 £ 1.9 579 +£ 1.0 0.3632
Menopausal status, n (%)
Premenopausal 22 (12.7%) 46 (26.4%) 0.1173
Postmenopausal 23 (13.2%) 83 (47.7%)
Stage, n (%)
1 14 (8.0%) 60 (34.5%) 0.0720
2+3 31 (17.8%) 69 (39.7%)
Tumor size,i n (%)
<20 mm 12 (9.8%) 53 (43.1%) 0.0053
>20 mm 24 (19.5%) 34 (27.6%)
Nuclear grade, n (%)
1 7 (4.0%) 42 (24.1%) 0.0290
23 38 (21.9%) 87 (50.0%)
ER status, n (%)
Negative 2 (1.2%) 11 (6.3%) 0.3698
Positive 43 (24.7%) 118 (67.8%)
PR status, n (%)
Negative 10 (5.8%) 48 (27.6%) 0.0663
Positive 35 (20.1%) 81 (46.5%)
Her2 status, n (%)
Negative 45 (25.9%) 128 (73.5%) 0.5536
Positive 0 (0.0%) 1 (0.6%)
Ki-67 LI, T (%) 4.3 £ 0.7 6.0 £ 0.8 0.2672

tData are presented as mean + SEM. All other values represent the
number of the cases and percentage. {Data regarding the tumor size
were available in the cohorts of Tohoku University Hospital and Kosai
Hospital. 17BHSD5, 17p-hydroxysteroid dehydrogenase type 5; 5aRed1,
Sa-reductase type 1; ER, Eestrogen receptor; Her2, human epidermal
growth factor receptor 2; LI, labeling index; PR, Progesterone
receptor.

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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Fig. 2. Tumor size was inversely correlated with the status of andro-
genic enzymes in androgen receptor-positive invasive lobular carci-
noma cases. Data of tumor size were available from a subset of breast
cancer patients treated at Tohoku University Hospital or Tohoku Kosai
Hospital. *P < 0.05. 17BHSD5, 17B-hydroxysteroid dehydrogenase type
5; 5aRed1, Sa-reductase type 1.

cytoplasm of carcinoma cells (Fig. 4b). The number of
17BHSD2-positive cases was significantly higher in ILC than
in IDC despite nearly the same status of hormone receptors
between ILC and IDC cases examined (Fig. 4c).

We then evaluated the status of 17BHSD2 in ILC cases
using immunohistochemistry in order to analyze the correlation
between androgenic enzymes and 17BHSD2 in AR-positive
ILC cases. Among patients examined in this study, 101 cases
(58.0%) were classified as positive for 17pHSD2. The status
of 17BHSD2 was significantly correlated with that of andro-
genic enzymes (Fig. 4d). The associations between the status
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of 17BHSD2 and clinicopathological parameters of the patients
are summarized in Table 4. Stage and tumor size were inver-
sely correlated with the status of 17HSD2 (P = 0.0049 and
0.0299, respectively), and the mean tumor size was also lower
in the 17BHSD2-positive group (Fig. 4e). Nuclear grade of the
cases examined was also correlated with the status of
17BHSD2 (P = 0.0110).

Discussion

This study showed the presence of AR in almost all cases of
ILC (97.8%) and the presence of androgen synthesizing
enzymes (17BHSDS, 61.8%; S5oRedl, 53.4%) in the great
majority of carcinomas. The prevalence of AR-positive cases
in ILC is consistent with that of previously reported stud-
ies,®!? but the presence of androgenic enzymes in a signifi-
cant proportion of ILCs represents an entirely novel finding.
The high prevalence of AR in ILC excluded a direct assess-
ment of the correlation between AR and clinicopathological
characteristics of the patients but the prevalence of androgen
synthesizing enzymes, which were detected in approximately
50% of the patients examined, allowed us to examine their
effects on clinical outcome of the ILC patients in this study.

—
)
~
N » @ ® =]

17BHSD2 mRNA expression

o
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Results of this particular analysis indicated that the tumors
enriched in androgenic pathways (AR-positive/enzyme-posi-
tive) were strongly associated with smaller tumor sizes and
better clinical outcomes. However, the association between the
intratumoral status of AR/enzymes and tumor cell proliferation
in ILC could not be assessed due to the inherently low levels
of cell proliferation in ILC tissues."*" This aside, the overall
findings of our study suggest the importance of androgen sig-
naling and synthesizing enzymes in determining the clinical
outcome of ILC patients.

The importance of AR in influencing tumor biology has not
been previously evaluated in a large and exclusively ILC
cohort. In previous studies examining IDC or mixed IDC/ILC
cohorts the expression of AR in cancer tissues has been mostly
reported to be associated with a relatively favorable clinical
outcome in both ER-positive''*** and ER-negative cancers.”*>
Results of in vitro studies reported in ER-positive breast carci-
noma cell lines have also indicated the potent androgen DHT
as an inhibitor of breast carcinoma cell proliferation,!3'®
although the underlying molecular biology of the AR in
ER-negative cancers is only starting to be elucidated."*'* The
majority of ILC patients are ER-positive (e.g. 92.7% in this
study) and it is reasonable to hypothesize that, as in IDC, AR

P =0.0775

Positive

Fig. 4. Status of 17B-hydroxysteroid dehydro-
genase type 2 (17fHSD2) immunoreactivity was
significantly higher in invasive lobular carcinoma
(ILC) than in invasive ductal carcinoma (IDC) and
inversely associated with tumor size in ILC cases. (a)
17BHSD2 mRNA expression in four IDC and four ILC
cases was analyzed using RT? quantitative PCR. (b)
Representive illustrations of 17BHSD2 positive (left)
and negative (right) cases in IDC (top) and ILC
(bottom). 17BHSD2 was localized in the cytoplasm 1oc
of carcinoma cells. Scale bar = 100 um. (c) 17BHSD2
immunoreactivity in ILC and IDC specimens. (d)
Correlation between 17BHSD2 and androgenic
enzymes in androgen receptor-positive ILC cases. (e)
Tumor size was inversely correlated with 178HSD2
expression. Data of tumor size were available in a
subset of breast cancer patients treated at Tohoku
University Hospital or Tohoku Kosai Hospital.
**P < 0.01. 17BHSD5, 17B-hydroxysteroid dehydro-
genase type 5; 5aRed1, 5a-reductase type 1.
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Table 4. Associations between the 17p-hydroxysteroid dehydrogenase
type 2 (17pHSD2) expression and clinicopathological parameters in
androgen receptor (AR)-positive invasive lobular carcinoma (ILC) cases
(n = 174)

17BHSD2
Negative Positive P-value
n =73 (42.0%) n =101 (58.0%)
Age,T (years) 56.6 = 1.5 57.9 + 1.1 0.4722
Menopausal status, n (%)
Premenopausal 33 (19.0%) 35 (20.1%) 0.1592
Postmenopausal 40 (23.0%) 66 (37.9%)
Stage, n (%)
1 22 (12.6%) 52 (29.9%) 0.0049
2+3 51 (29.3%) 49 (28.2%)
Tumor size, i n (%)
<20 mm 16 (13.0%) 49 (39.9%)
>20 mm 25 (20.3%) 33 (26.8%) 0.0299
Nuclear grade, n (%)
1 28 (16.1%) 21{(12.1%) 0.0110
2+3 45 (25.8%) 80 (46.0%)
ER status, n (%)
Negative 4 (2.3%) 9 (5.2%) 0.3956
Positive 69 (39.6%) 92 (52.9%)
PR status, n (%)
Negative 24 (13.8%) 34 (19.5%) 0.9135
Positive 49 (28.2%) 67 (38.5%)
Her2 status, n (%)
Negative 73 (41.9%) 100 (57.5%) 0.3939
Positive 0 (0.0%) 1(0.6%)
Ki-67 LI, T (%) 55+ 0.9 5.6 £09 0.9847

“Data are presented as mean & SEM. All other values represent the
number of the cases and percentage. *Data regarding the tumor size
were available in the cohorts of Tohoku University Hospital and Kosai
Hospital. ER, Eestrogen receptor; Her2, human epidermal growth fac-
tor receptor 2; L, labeling index; PR, progesterone receptor.

has protective effects, possibly more so in ILC cases given
their more abundant ER content and more favorable clinical
outcome compared to IDC.

The similarities between IDC and ILC are also apparent in a
comparison of the normal lobules as compared to ILC areas.
The present study showed increased numbers of AR-positive
carcinoma cells alongside a decrease in androgenic enzymes
detected in ILC compared to non-neoplastic adjacent lobules
of the same breast tissue. Higher expression of AR in ILC than
in non-neoplastic lobules is also consistent with the reported
findings in IDC, that is, higher than in adjacent non-neoplastic
ducts," as is the association of AR and enzymes with clinical
outcome of the patients’**> and the decrease of androgenic
enzymes with cancer progression,(”) although changes
between non-neoplastic condition and carcinoma initiation are
less clear.®® In addition, the inverse association of PR, com-
monly considered an estrogen-dependent gene, and androgenic
enzymes in ILC detected in our present study suggests that, as
in IDC, AR actions may disrupt estrogen signaling in ILC. In
non-human primates, AR expression in both lobular and ductal
tissues showed similar patterns of prevalence over the repro-
ductive cycle® suggesting AR expression in lobules and
ducts may be regulated in the same fashion, but this awaits
further investigation for clarification.

It has been reported that /7fHSD?2 is one of the most impor-
tant androgen-induced genes in IDC,?” playing pivotal roles

© 2014 The Authors. Cancer Science published by Wiley Publishing Asia Pty Ltd
on behalf of Japanese Cancer Association.
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in the putative protective effects of androgen in breast cancer
patients. As an enzyme that converts estradiol to estrone or
testosterone to androstenedione in breast cancer tissues,
17BHSD2 was reported to be significantly associated with bet-
ter recurrence-free survival in breast cancer patients.®® In
addition, a significantly inverse correlation was reported
between 17BHSD2 expression and intratumoral estradiol con-
centration, suggesting that this enzyme plays important roles
as an estrogen-inactivating enzyme. In this study, we showed a
higher expression of 17BHSD2 in ILC than in IDC tissues and
an association between androgen pathways and 17BHSD2 in
ILC tissues, indicating an androgenic induction of 17BHSD2
in ILC compared to IDC. The potential protective effect of
17BHSD?2 in ILC cancers was evaluated by examining the cor-
relations between the status of 17BHSD2 and clinicopathologi-
cal factors of the cases examined. Results indicated that
17BHSD2 status was inversely correlated with the majority of
adverse clinical factors, indicating that 17BHSD2 status of car-
cinoma cells was associated with less aggressive phenotypes of
ILC. This is consistent with the suggestion that androgens may
act, at least partially, through the upregulation of 17BHSD2
and thus modify the balance of estrogen production in ILC tis-
sues, although further investigations are required for clarifica-
tion.

Invasive lobular carcinoma cases are reported to express aro-
matase at similar or greater levels than IDC.®” While contro-
versies still exist as to the §)0tentia1 efficacy of Als in ILC
patients,®**? Metzger er al™®” suggested that Al treatment
was especially effective in ILC patients. This is interesting
with regard to the findings of our study as one of the well doc-
umented consequences of aromatase inhibition is a shift in the
equilibrium of androgens and estrogens towards a greater
abundance of androgens and androgen signaling.**~® Results
of our present study indicated a protective effect of androgens
potentiated by alterations of local intracrine signaling and sub-
sequent favoring androgen over estrogen signaling in ILC at a
level at least comparable with that of IDC. Therefore, Als
should be at least as effective in ILC patients, especially given
the high levels of ER- and AR-positive cases observed in ILC
samples.

In this study, we showed that androgen-producing enzymes
were involved in tumor suppressive roles of androgens in
AR-enriched ILC tissues. In addition, we established the sig-
nificant correlation of androgen-producing enzymes with
17BHSD?2, one of the markers of androgenic actions in breast
carcinoma cells, implying that 17BHSD2 reflects intratumoral
androgenic actions and acts as suppressor of estrogenic actions.
These results could be related to the relatively low prolifera-
tive status of carcinoma cells in ILC despite more abundant
ER and the presence of intratumoral aromatase, and suggests
further benefit of Al treatment against ILC by accumulation of
intratumoral androgens.
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Abbreviations
17BHSD2  17f-hydroxysteroid dehydrogenase type 2
17BHSDS  17B-hydroxysteroid dehydrogenase type 5
SouRed1 Su-reductase type 1
Al aromatase inhibitor
AR androgen receptor
DFS disease-free survival
DHT dihydrotestosterone
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The Perioperative Educational Program for Improving Upper
Arm Dysfunction in Patients with Breast Cancer:
A Controlled Trial

Fumiko Sato,! Takanori Ishida® and Noriaki Ohuchi’

Division of Oncology Nursing, Health Sciences, Tohoku University Graduate School of Medicine, Sendai,
Mivagi, Japan
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Most patients who undergo breast cancer surgery suffer from impairment of upper exiremity function. In
this study, we investigated the effectiveness of a perioperative educational program for improving upper
arm dysfunction in patients with breast cancer. This longitudinal controlled study was conducted between
January 2010 and July 2012. Participants comprised 149 patients with primary breast cancer before
operation, allocated to intervention and control groups. Intervention comprised a 3-month educational
program on monitoring arm function and exercises for preventing shoulder dysfunction and lymphedema.
The control group received routine care from on-site staffs. Of the 149 patients analyzed, 68 underwent
axillary lymph node dissection (ALND), and 80 underwent seniinel lymph node biopsy (SLNB). The
intervention group included 39 patients with ALND and 51 patients with SLNB, while the control group
included 30 patients with ALND and 29 patients with SLNB. Arm girth, shoulder range of motion (ROM},
and grip sirength were measured before surgery and at 1 week, 1 month and 3 months postoperatively.
Self-reported questionnaires, the Subjective Perception of Post-Operative Functional Impairment of the
Arm (SPOFIA)} and the Disabilities of the Arm, Shoulder and Hand (DASH), were administered at the same
time points. Among the variables examined, only SPOFIA and grip strength were significantly improved in
the intervention group with ALND. In contrast, the perioperative educational program caused no significant
improvement for the patients who underwent the surgery with SLNB. Thus, the present program improves
the postoperative upper arm function and discomfort in breast cancer patients who undergo surgery with
ALND.

Keywords: breast cancer; controlled trial; education; surgery; upper arm dysfunction
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Intreduction

Recently, the standardization of multimodal therapy
and sentinel lymph node biopsy (SLNB) has resulted m
more conservative treatment of breast caneer, compared o
the surgical treatment with axillary Iymph node dissection
(ALND). However, nvasive surgery 1s unavoidable
cases of more malignant cancer involving axillary lymph
node metastases. Impaired upper extremity function fol-
lowing surgery for breast cancer 18 a particular complication
of ALND. Post-surgical morbidity has also been reported
inn SLNB treatment groups, although its frequency is lower
than in patients undergoing ALND (Ashikaga et al. 2010).
Assessment and support of upper extremity function fol-
lowing breast cancer surgery are therefore applicable not
just after ALND, but also after SLNB. The Upper
Extremity Rehabilitation Guideline recommends 6-8 weeks

© 2014 Tohoku University Medical Press

of shoulder joint range exercise after breast cancer surgery
and 1 year of postoperative follow-up (Harris et al. 2012).
However, numbness, pain, swelling, and lumtation of arm
movement occurred 1n 8-35% of 330 breast cancer patients
for 2-5 years postoperatively (Warmuth et al. 1998), and
chronic symptoms have been reported (Hack et al. 1999;
Voogd et al. 2003; Macdonald et al. 2005). In a cross-sec-
tional survey that we conducted, 85.3% of 150 breast can-
cer patients experienced at least one of swelling, pain,
decreased shoulder range of motion (ROM), numbness,
reduced muscle strength in the arm, or a feeling of pulling
in the skin of the arm up fo 1 year postoperatively, with a
greater loss to quality of Iife (QOL) in those patients expe-
riencing such symptoms (Sato and Kuroda 2008). Some
patients have reported problems with writing, and actions
such as opening or closing jars in daily activities, and work
can be affected due to weakened grip strength after surgery.
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As hospital stays become ncreasingly shorter, there is a
need for systematic forms of support such as ongoing reha-
bilitation and individual counscling in support of breast
cancer patients after they leave the hospital.

As one example of an intervention study for prevent-
ing or improving impaired upper extremity function afier
breast cancer surgery, Wyait and Friedman (1996) devel-
oped and demonstrated the efficacy ol a support program
based on a holistic framework for QOIL. encompassing
strategies for preventing impaired upper extremity function
and lymphedema, phiysical care, mental health, and family
involvement. This program showed elfectiveness i self-
care, emotional well-being, physical well-bemg, and social/
family well-being. However, the effectiveness of the pro-
gram may differ in Japan, as hospital stays are longer and
the home-care system is relatively underdeveloped.  In
addition, most rehabilitation for postoperative mmpairment
of upper extremity function has been developed to recover
shoulder ROM and minimize lymphedema (Box et al. 2002;
Harris et al. 2012). No studies have yet reported the track-
ing of changes m upper extremity function over time (o
assess the effects of a program that was not limited to
lymphedema or shoulder ROM and that was suitable for
impaired upper extremity function in Japanese breast cancer
patients.

The objective of this study was to investigate the
effectiveness of short-term interveniion for up to 3 months
postoperatively using a program intended to prevent or
improve impaired upper extremity function after breast can-
cer surgery, as assessed on the basis of changes over ime in
upper extremity function with ALND or SLNB.

Methods
Study design
This study was a controlled trial. Patients were allocated to the
intervention or contrel group according to their wishes afier receiving
full information about the study protocols and providing mformed
consent,

Study participants

Breast cancer patients who had yet to undergo surgery were
recruited in Tohoku University Hospital between January 2010 and
April 2012, Data collection ended in July 2012, The inclusion crite-
ria were: 1) age > 20 years: 2) ability to answer a self-administered
questionnaire and no history of diagnosis or treatment for any mental
illness: and 3) provision of written informed consent to participate in
the survey as per the protocol approved by the Ethics Conumittee of
the Research Department at Tohoku University Graduate School of
Medicine. Patients with bilateral breast cancer or recurrence were
excluded.

Intervention

The theoretical framework of the intervention program was
based on the University of California, San Francisco (UCSF) symp-
tom management model (The University of California, San Francisco
School of Nursing Symptom Management Faculty Group 1994),
which was developed on the basis of self-care theory. The UCSF

Model defines a symptom as a subjective experience reflecting
changes in biopsychosocial functioning. sensations, or cognition of an
individual, and was designed to produce an integrated approach for
symptom management through a comprehensive grasp of patient and
family symptom experience, symptom management strategies, and
outcomes. This framework was intended to guide training and prac-
tice, as well as rescarch on symptoms. The program was created to
implement educational imtervention for the prevention or improve-
ment of postoperative swelling, pain, decreased shoulder ROM,
numbness. reduced muscle strength of the arm, or feeling of pulling
in the skin of the arm in breast cancer patients, to transform knowl-
edge of the sciences of ceology and health as well as seli-care sirate-
gies, and to change the symptoms of fmpaired upper extremity func-
tion and QOL. The appropriateness of the contents ol the program
for cancer nursing rescarchers, healtheare professionals, and breast
cancer patients has been reviewed (Sato 2012a).

The mechanisms and causes of symplom development were
explained prior 1o surgery, and techniques to prevent or improve
mmpairment ol upper extremity function potentially occurring as a
result of the surgical procedure undergone by the subject were
explained after surgery until the patient was discharged from hospital.
Methods of arm monitoring, exercises [or preventing restricted shoul-
der ROM or lymphedema, and massaging methods were also demon-
strated and implemented with the subject until learned. Patients were
asked to incorporate such knowledge and skills in their activities and
pui them into practice alter leaving hospital. Dunng the surveys at |
and 3 months postoperatively, patients were assessed for upper
extremity function, sympiom experience, strategies, and outcomes,
and individual support was provided to assist and enhance symptom
management. Patients in the control group reeeived routine care from
on-site staff and were informed of the results of upper extremity func-
tion determined 1n the survey.

Measurement

We measured arm girth, shoulder ROM and grip strength. and
administered the Subjective Perception of Post-Operative Functional
Impairment of the Arm (SPOFIA) questionnaire (tested for reliability
and validity by Sato (2008)), and the Japanese Society for Surgery of
the Hand (JSSH) version of the Disabilities of the Arm, Shoulder and
Hand (DASH) questionnaire (lested for reliability and vahdity by
Jester et al. (2003)) (Table 1) at the hospital admission preoperatively,
the day after drain removal (approximately 1 week postoperatively),
and at 1 and 3 months postoperatively.

Objective outcomes, including arm girth, shoulder ROM and
grip strength, were measured by a specialist with standard methods.
Arm girth measurements were taken at 2 points, 10 em distal to the
lateral epicondyle (forearm arm girth), and 15 c¢m proximal to the lat-
eral epicondyle (upper arm girth) (Kissin et al. 1986; Ivens et al.
1992). The difference between arm girths on the affected and normal
sides was calculated.  Shoulder ROM measured shoulder flexion,
shoulder abduction, and horizontal shoulder extension, and differ-
ences between normal and affected sides were calculated.  Grip
strength measured using a dynamometer, and the difference between
normal and affected sides was calculated.

The SPOFIA uses a 2-point assessment (yes, 1 point; no, 0
points) of 15 items related io swelling, pain, decreased shoulder
ROM. numbness, reduced muscle strength of the arm, and pulling
feeling in the skin of the arm skin. Higher SPOFIA scores mdicate a
greater perception of postoperative impairment in upper extremity
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Table 1. Questionnaire items.

SPOFIA (15 ttems)

. The forearm is swollen (from elbow to fingertip)

. The upper arm is swollen (from elbow 1o shoulder)
The arm is heavy

The arm is tired

Pain when clothes touch the arm

. Pain when moving the arm

. Pain even if not moving the arm.

R N I SR VE R

[N
i g€

. Partial numbness when touching

. Feeling of numbness

. Weakness when lifting things

. Weakness when gripping things

15. Pulling feeling of arm skin when lifting the arm
DASH (39 items)

. Open a tight or new jar

. Write

Turn key

Prepare a meal

. Push open a heavy door

. Place an object on a shelf above your head
. Do heavy household chores (e.g., wash walls, wash floors)
. Perform gardening or yard work

9. Make a bed or lay ouf the bedding

10. Carry a shopping bag or briefease

11. Carry a heavy object (> 5 kg)

12. Change a light bulb overhead

13. Wash or dry your hair

14. Wash your back

15. Put on a pullover sweater

16. Use a knife to cut food

ok ek
W M

ot
don

N

G0~ O L

. Canmot raise the arm on the operated side straight forward to the level of the ear without bending the elbow
Cannot raise the arm on the operated side sideways to the level of the ear without bending the elbow
. Cannot raise the arm on the operated side sideways and backwards without bending the elbow

17. Perform recreational activities that require lLittle effort (e.g. card playing, knitting, play go, play shogi etc.)
18. Perform recreational activities mvolving some force or action through the arm, shoulder or hand (e.g., golf. tennis, playing catch. ham-

mering, etc.)

19. Perform recreational activities in which you move your arm freely (e.g., plaving Frisbee, badminton, ete.)

20. Manage transportation needs
21. Perform sexual activities

22. During the past week, to what extent has your amm, shoulder or hand interfered with your normal social activities with family, friends,

neighbors or groups?

23. During the past week, were you himited m your work or other daily activities as a result of your arm, shoulder or hand problem?

24, Arm, shoulder or hand pain

25. Arm, shoulder or hand pain when performing a specific activity

26. Tingling (pins and needles) in the arm, shoulder or hand
27. Weakness in the arm, shoulder or hand
28. Stiffness in the anm, shoulder or hand

29. During the past week, how much difficulty have you had sleeping because of pain in your arm, shoulder or hand?
30. I feel less capable, less confident or less useful because of my arm, shoulder or hand problem

function. Cronbach’s alpha coefficient for this scale was 0.76.

The DASH is a standardized questionnaire that evaluates
impairments and limitations to activity, in addition to restrictions on
participation in both leisure activities and work. Response options
range from 1 to 3, as follows: 1. no diffieulty; 2, mild difficolty; 3,
moderate difficulty; 4, severe difficulty: and 5, inability. The DASH
produces scores between 0 and 100 for each module, with a igh
DASH score indicating severe disability (Jester et al. 2005).
Cronbach’s alpha coefficient for this scale was 0.79.

Demographic characteristics (age, marital status, occupation,

child care, caring for an older relative, disease severity, arm domi-
nance, shoulder problems before operation) were self-reported at
baseline. History of disease including type of surgery. level of axil-
lary lymph node dissection, and adjuvant treatment were taken from
medical records.

The information sheet was read fo the patient, upper extremity
functions were measured, and the patient was given the questionnaire
form and told how to complete it. The questionnaire was then col-
lected after the patient had completed it. When the questionnaire was
collected, the patient was asked to check and ensure that all questions
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had been answered. Por the surveys at 1 and 3 months postopera-
tively, the interviewers showed up on the days that subjects were
scheduled to visit, and surveys were conductied in accordance with
the schedules of stall members responsible for the examinaion and
care of the subjects. The consent of subjects was also confirmed.

Statistics

The ntervention and control groups were compared according
to performance of ALND and SLNB. Demographic vanables were
compared using the Mann-Whitney U test or Fisher’s exact test, and
changes over time in upper extremity function were compared by
two-way repeated-measures analysis of variance. Statistical analysis
was performed using PASW Statisties for Windows version 21.0
(SPSS, Tokyo, Japan). The significance level was € 5%

Results

A total of 162 patients participated this study and were
allocated to an mtervention group (7 = 96) and a control
group (n = 66). In the mtervention group, a total of 6
patients dropped out due to loss to follow-up, changing hos-
pital, loss of interest or lack of time. In the control group, a
total of 7 patients dropped out duc to foss to follow-up,
changing hospital, loss of interest or lack of time. As a
result, 149 patients completed the study (Fig. 1), Of the
149 patients analyzed, 69 underwent ALND, and 80 under-
went SENB. These included 39 patients in the ALND mter-
vention group, 30 patients in the ALND control group, 51
patients in the SLNB intervention group and 29 patients in
the SLNB control group.

Table 2 shows the characteristics of patients. No sig-
nificant differences in demographic or disease characteris-
tics were seen between the ALND and SLNB 1n the inter-

F. Sato et al.

vention group and ALND and SLNB i the control group.

Table 3 shows changes of vanables over time in
patients with ALND and Table 4 shows the same in patients
with SLNB. No significant differences in arm girth, shoul-
der ROM or DASH were seen between groups with ALND.
Sigmificant differences m change in SPOFIA score over
time were noted between the ALND intervention group and
the ALND control group (/" value = 3.34; p = 02). These
results suggest a significant improvement over time n
SPOFIA score m the miervention group compared to the
control group. In ALND groups, the mean difference in
erip strength between normal and alfected sides in the nter-
vention group did not differ significantly from baseline to 3
months postoperatively, with a fow value at 3 months post-
operatively compared o baseline. A significant difference
over time in the difference in mean grip strength was seen
between normal and affected sides i both intervention and
control groups (F value = 2.77, p = 04), indicating signifi-
antly improved grip strength over time in the intervention
group compared to the control group.

Table 4 shows a comparison of changes over time in
arm {unction of patients between the mtervention and con-
trol groups with SLNB. No significant differences in arm
girth, shoulder ROM, grip strength, SPOIIA or DASH were
identified between SLNB groups.

Discussion
In this survey, the effectiveness of short-term interven-
tion based on the Program for Preventing and Improving
Postoperative Functional Impairment of the Upper Limbs in
Breast Cancer Patients was examined on the basis of

Before operation .
P Intervention group (1 = 96)

Control group (n = (6)

(N = 162)
1 week (V= 162) | =96 | | " =66 ]
Dropped out Dropped out
Lost to follow-up (n = 2) Lost to follaw-up (7= 2)
Changed hospital (n - 1) Changed hospital (n = 2)
- Lost mterest (= 1)
1 month (¥ =154) 1 n =93 l I =61 l
Dropped out
I ed out
Lost to follow-up (n = 1) . )mppt_’ ou
Lost interest (2 1) Lost to follow-up (1= 1}
Lack of time (7= 1) Lack of time (n = 1}
3 months (N = 149) | =90 | l n=59 |
T -
el e T .
ALND (#=39) | | SINB(1=51) | Anslysis* | ALND (r=30) | | SLNB (2 =29)

Fig. 1. Flow-chart showing expenimental process.

*The intervention and control groups were compared according to performance of axillary lymph node dissection

(ALND) and sentinel lyrmph node biopsy (SLNB).
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Table 2. Comparison of patients between groups.
N=149
ALND (1 = 69) SINB (7 = 30}
Intervention Control Intervention Control
14
=39 n=30 i 51 n =29
Age, vears: mean = S.D. 529+ 10.1 5214129 70 543 = 106 53795 91
Marital status, % 87.1 80.0 51 84.3 R2.8 1.0
Occupation, % 359 530.0 32 47.1 37.9 29
Child care, % 20.5 10.0 .33 118 0.0 08
Caring for an older relative, % 10.3 0.0 A3 7.8 34 .65
Disease severity, %
Stage 0 0.0 6.7 255 44.8
Stage 1 7.7 20,0 54.9 48.3
Stage I1 43.6 30.0 07 17.6 6.9 22
Stage HI 41.0 233 2.0 0.0
Stage IV 7.7 0.0 0.0 0.0
Type of surgery, %
Partial mastectomy 43.6 63.3 15 784 75.9 20
Total mastectomy 56.4 36.7 o 21.6 24.1 -
Level of axillary lymph node dissection, %
I 23.1 40.0 - -
I 59.0 433 30 - -
HI 179 16.7 - -
Adjuvant treatment, %
Radiotherapy 69.2 83.3 26 58.8 51.7 64
Chemotherapy, molecular targeting therapy 79.5 86.7 36 11.8 24.1 21
Hormone therapy 2.1 63.3 10 80.4 75.9 78
Arm dominance, % S 46.7 A7 54.9 55.2 1.0
Shoulder problem before operation, % 5 20.0 1.0 29.4 172 29
Age: Mann-Whitney U test: other details: Fisher’s exact test.
Table 3. Comparison of changes in arm function over time for patients with ALND.
Intervention (» = 39) Coutrol (77 = 30)
Baseline® 1 week? I month® 3 months®  Baseline® tweek® [ month® 3 months? F »
Mean (s.0.) Mean (5.0}
SPOFIA (0-13) 1.1(1.9) 6.1 (2.7) 4634 2353019 06(1.0)y 623.0) 3427 3226y 334 o2¢
DASH (0-100) 8.9(9.9) 249(158) 150(102) 10587 6.0¢10.1) 268(18.2) 12.1(0.1) 10481y 094 38
Upper arm girth 0.5 (1.1 0.6 (1.1) 061 06y -02(.0) 04(.1) 0100 010 242 08
Forearm arm girth 04(1.D 04012 02012y 03D ~01@8)  01(L0y 01(¢.2) 02¢(12 070 34
Flexion shoulder 1281 303288 1137067 6496 -24(73) 31.8(304) 38(72) 2901 093 38
Abduction shoulder 35(12.3) 309¢30.5) 11.4(148) 3.6(105) ~1.6(92) 312(33) 3680 30004 09 38
ﬁ‘gﬁﬁgaz CXIEmSION g 5(75)  36(58) 20(44)  05(64) -09(57) 14(70) 07(66) 06(3) 047 70
Grip strength ~0.2 (2.9) 0.6 (3.0) 02(1.2) -0834.0) 0929 2739 01012 1236 277 04%

Two-way repeated-measures ANOVA *p < 05,

agt hospital admission before operation: *day after drain removal (approximately 1 week after operation)

43 months after operation.
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Table 4. Comparison of changes in arm function over time for patients with SLNB.
¥

Intervention (n = 31)

Control (# = 29)

Baseline® 1 week® I month® 3 months®  Baseline® I week” I month® 3 months F J2
Mean (s.0.) Mean (s.0.)
SPOFIA (0-15) 0.7(1.4) 37029 17(2.3) LI(LT) 0.3(0.8) 3.2(2.3) 1.4 (1.7 Ll 028 .81
DASH (0-100) 67 (11.6) 23.4(185)y  95(13.3)  74(1LE) 4700y 166(163) 9.6(11.3) 5601 213 14
Upper am girth 0.1(12) 01009 0108 0009  01(.0)  01(12)  01(Ley 0113 010 .95
Forearm arm girth 0.1 (1.0 0.1(0.9) 0.0(1.0) 0.1¢1.0) 0.0 (0.9) 0.1(1.2) 0013y ~01.D 0.66 .57
Flexion shoulder L7 189(263) 3903 3848 2100 201262y 8144 20007 052 57
Abduction shoulder  -0.1(89)  17.8(288) 23(8.5) 3.7(11.5) 21(8.9) I83{208) TJ2067) 13021 072 46
i‘;‘z{gga[ eXIESIOn 353y 30¢81) 1238 02(49)  -04(7.0)  24(75)  12(69) 0449 055 .64
Grip strength ~0.3(2.5) 1.1{3.5) 0329 -02@24 06038 22(3.0) ~0446) ~02(35) 212 .11

Two-way repeated-measures ANOVA.

*at hospital admission before operation; bday after drain removal (approximately 1 week afier operation); #1 month after operation;

43 months after operation.

changes over time in upper extremity function in 149
patients who had undergone surgery for primary breast can-
cer. The results thus suggest that this program provides
significant improvement n grip strength and subjective per-
ception of mmpaired upper extremity function n breast can-
cer patients undergoing ALND, which is significantly more
invasive than SLNB. This discussion focuses on the effec-
tiveness of short-term intervention using this program based
on the present results.

We first discuss whether the program resulted m effec-
tive improvement over time in SPOFIA score.  The first
reason for improvement in SPOFIA score is the SPOFIA
scale. The SPOFIA scale used in this survey encompassed
swelling, decreased shoulder ROM, and reduced muscle
strength of the arm, which were assessed both objectively
and subjectively in this survey, as well as symptoms refated
to pain, numbness, and pulling feeling in the skin of the
arm, which could only be assessed subjectively by patients.
Subjective symptom experience 18 the most important mea-
sure in the assessment of physical function (Segerstrom et
al. 1991), and is often considerably distressing to patients
(Petrek et al. 2000; Sato 2012b). Avoidance behavior is fol-
lowed more often by patients who perceive lymphedema
(McLaughlin et al. 2008). In this program, differences in
measured symptoms and methods of measurement, as well
as the presence or absence of perceptions of pain, appeared
to be reflected in the subjective assessment of upper extrem-
ity function. The second reason for the improvement of
SPOFIA may be the appropriate assessment and proper
management of symptoms through the discussion between
nurses and the patient. Patients in control group generally
did not discuss their symptoms with healthcare workers.
Patients in the control group were not educated about
addressing their symptoms to healthcare workers and they
might have thought that symptoms were unable to be man-
aged. According to a fact-finding study on care for
impaired upper extremity function following breast cancer

surgery in Japan, virtually no patients received treatment
for post-mastectomy pain syndrome (PMPS), even though
it could be relieved with pharmacotherapy (Yamauchi and
Kitahara 2003), and 30% ol patients felt unable to broach
the subject of PMPS with their doctors. Healtheare profes-
stonal-based (reatment or care systems may not function
very well as systems reflecting patient symptom experience.
Healtheare professionals must not only have a biological
understanding of the postoperative impairment of upper
extremity function in breast cancer patients, but also under-
stand and prospectively assess such impaired function as
pain that 1s felt physically and mentally, depending on the
connection with social activities and environment. The
third reason is the strategy used i the program. This pro-
gram proposes a strategy in which mformation on symptom
management is provided as needed to breast cancer patients,
and symptoms are reported without reservation to health-
care professionals. This strategy may help to alleviate anxi-
ety over symptoms in breast cancer patients and may be
applicable to symptom management strategies. The pro-
gram also incorporates abdominal breathing exercises, and
massaging of the upper extremities and areas around the
mastectomy wound. These methods may enhance relax-
ation and circulation, and may improve subjective percep-
tion of symptoms.

We now discuss the fact that the grip strength of breast
cancer patients in the ALND group who selected the inter-
vention program improved significantly over time com-
pared to that in the control group. Active upper-extremity
stretching exercises are recommended to start | week after
surgery or after the drain is removed and should be contin-
ued until full ROM is achieved (Harris et al. 2012). The
reason for the lack of any significant difference in shoulder
ROM between the intervention and control groups in this
program may have been that these upper extremity rehabili-
tation guidelines are well known and practiced. However,
grip strength rehabilitation does not appear to be continued

— 132 —



Tmproving Upper Arm Dysfunction in Breast Cancer Patients 121

to the same extent as rehabilitation to improve the shoulder
ROM. No studies have assessed intervention for facilitat-
ing and maintaining recovery from decreased muscle
strength, including grip strength. A woman with breast can-
cer 5 years after ALND whom we had previously inter-
viewed fold us that her pen pressure had decreased as a
result of her operation, making it difficult to write, and as a
result she lost her job as a primary school teacher. Grip
strength is used in activities such as writing and opening or
closing jars, and 1s a daily activity function that 1s as mmpor-
tant as shoulder ROM. The present program includes an
exercise that begins by gripping a heart-shaped ball with
both hands starting on Day 1 after surgery. Continuing this
exercise may be a reason for the mmprovement in grip
strength over time.

We will now consider the background against which
the ALND group, but not the SLNB group, showed changes
over time in SPOFIA score and grip strength intervention in
this program. The causes and mechanisms involved m the
development of symptoms were explained to the interven-
tion group prior to surgery. The ntervention group of the
ALND group also received an explanation of the duration
of symptoms, symptoms that could potentially develop
the future, activities that should be avoided, and so forth,
following individual assessment of the extent of lymph
node dissection, neurectomy status, and the like. The
importance of making life adjustments based on patient
symptom experience, strategies, and outcomes was also dis-
cussed starting 1 month after surgery, and support was pro-
vided to help patients decide on subsequent symptom strat-
egies. The same strategy was used in the intervention group
undergoing SLNB. However, it is assumed that the out-
comes are reflective of the lower incidence of SLNB symp-
toms compared to ALND (Wilke et al. 2006; Ashikaga et al.
2010) as well as differences 1n the sense of crisis concem-
ing umpaired upper extremity function and awareness of the
need for modifying daily activities.

DASH score and circumference of the arm showed no
siguificant differences. The DASH used in this survey 1s a
scale for evaluating overall loss of upper extremity function
seen in the context of daily activities and environment. The
highest DASH score in this survey was 20 out of 100 possi-
ble points at 1 week after surgery, indicating a smaller than
expected decrease in upper extremity ability. This may
have happened because the DASH scale 1s not limited to
upper extremities on the affected side and assesses upper
extremity ability on both sides. How this program affects
the daily activities of breast cancer survivors should be ana-
lyzed in the future, with the inclusion of QOL measure-
ments or qualitative date in addition to DASH measure-
ments. A review of changes over time showed that DASH
scores still had not returned to preoperative levels by 3
months after surgery, regardless of differences between
ALND and SLNB therapy and whether mtervention was
used. DASH did not show a significant difference because
no patients experienced severe impairment in their life after

the operation. The lack of a significant difference m the
circumference of the arm between groups may be due to the
study period being too short to detect lymphedema. In this
survey, the effectiveness of the program was explained on
the basis of changes over time in upper extremity function
up to 3 months after surgery. However, lymphedema occurs
for several years after surgery in relation to activities and
environment (Warmuth et al. 1998). A longitudinal survey
should be conducted in the future to explore the effective-
ness of long-term intervention.

In conclusion, after a 3-month perioperative educa-
tional program, SPOFIA and grip strength were signifi-
cantly improved in the intervention group with ALND.
This program may improve the postoperative upper amm
function and discomfort in patients who undergo ALND.
The long-term effectiveness of the program should be stud-
ted in the future.
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Abstract The anti-tumor immune response was recently
reported to play a critical role in the chemotherapeutic
sensitivity of breast cancer. Therefore, we investigated the
correlation between CD8+ and FOXP3+ tumor-infiltrating
Iymphocytes and the pathological complete response
(pCR) following neoadjuvant chemotherapy (NAC) in tri-
ple-negative breast cancer (TNBC), in conjunction with
neoangiogenesis, basal and proliferation markers. CD8+
and FOXP3+ lymphocytes were assessed in biopsy spec-
imens by double-staining immunohistochemistry, in com-
bination with immunostaining of vasohibin-1, CD31,
EGFR, CK5/6, and Ki-67. Earlier age, pre-menopausal
status, smaller tumor size, and high Ki-67 were signifi-
cantly associated with pCR, as in high CD8+, high CD8+-/
FOXP3+ ratio, and low vasohibin-1 positive ratio.
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Multivariate analysis did reveal that a high CD8+/
FOXP3+ ratio was a strong predictor of pCR with an odds
ratio of 5.32 (P = 0.005). High Ki-67 was also signifi-
cantly associated with pCR (P = 0.002). TNBCs with a
high CD8-+/FOXP3+- ratio and high Ki-67 had the highest
pCR rate (70 %) following NAC. However, the pCR rate of
the patients with low CD8+/FOXP3+- ratio and low Ki-67
was only 5 %. The pCR rates of a high CD8+/FOXP3+
ratio and low Ki-67 patients and those with a low CD8+/
FOXP3+ ratio and high Ki-67 were 24 and 21 %,
respectively. TNBCs with a high CD8+/FOXP3+ ratio
were more sensitive to anthracycline and taxane-based
chemotherapeutic regimens, and the CD8-++/FOXP3+- ratio
in conjunction with Ki-67 could predict pCR following
NAC in TNBC. This predictor may represent a new sur-
rogate for testing the efficacy of investigational agents in
the neoadjuvant setting.

Keywords Triple-negative breast cancer -
Chemo-sensitivity - pCR - CD8 - FOXP3 - Ki-67

Introduction

Breast cancer is a heterogeneous disease according to the
results of gene expression profiling using microarray ana-
lysis [1-3]. Based on the differences in sensitivity to
therapeutic drugs and in clinical outcomes, the imple-
mentation of personalized medicine is required for treating
breast cancer. Triple-negative breast cancer (TNBC),
which lacks estrogen receptor (ER), progesterone receptor
(PgR) and human epidermal growth factor receptor-2
(HER2) expression, is the breast cancer subtype associated
with the worst clinical outcome. Chemotherapy with
anthracyclines and taxanes usually constitute the backbone
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of the treatment of this aggressive subtype, and a patho-
logical complete response (pCR) following neoadjuvant
chemotherapy (NAC) is considered a reliable surrogate
marker for survival of TNBC [4]. Approximately, 30 % of
the pCR rate was reported to be achieved by NAC
administering both anthracyclines and taxanes in TNBCs,
and achieving a pCR associated with a good prognosis [4].
In contrast, TNBC with a non-pCR was reported to display
a markedly worse prognosis and are required to undergo
treatment with new investigational therapeutic agents
[4, 5]. Therefore, the reliable prediction of pCR should be
made as early as possible before drugs with unknown
efficacies are administered. Many studies have focused on
predicting pCR from biopsy specimens but there have been
no reliable markers associated with pCR in TNBC with the
exception of the Ki-67 [6, 7]. Gene expression analyses
have been proposed useful for predicting pCR [8, 9] but
these techniques are not necessarily applicable in clinical
settings, and sufficient validation has not been performed.
Therefore, the development of the ability to predict pCR
from biopsy specimens has remained a major challenge in
clinical research.

Preclinical studies were recently reported that cytotoxic
agents could partially exert their antitumor activities by
inducing an immune response against tumor cells [10, 11].
The demise of immunogenic cells induced by cytotoxic
agents allows cross-presentation of antigens and induction
of tumor-specific cytotoxic T cells. Cytotoxic T cells
(CD8+ T cells) have been reported to be associated with a
higher pCR rate following NAC and a better outcome in
the patients with breast cancer [12-14]. In addition, the
regulatory T cells defined as forkhead box protein 3
(FOXP3)+ T cells have a critical role in suppressing anti-
tumor immunity [15, 16]. However, it is also true that the
prognostic and predictive roles of FOXP3 have remained in
dispute; breast cancer tumors infiltrated with FOXP3+ T
cells were reported to be less sensitive to cytotoxic che-
motherapy and have a worse prognosis by some investi-
gators [12, 17] but others indicated that breast tumors with
FOXP3+ T cells achieved a higher pCR rate after NAC
and had a better prognosis [18, 19]. These discrepancies
could be due to the differences in the studied breast cancer
subtypes and therapeutic regimens. The density of CD8+
and FOXP3+ T cells has previously been demonstrated to
depend on the breast cancer subtype [12]. In addition, the
therapeutic regimens and sensitivity to drugs could enor-
mously vary across breast cancer subtypes. Therefore, the
predictive roles of CD8 and FOXP3 should be investigated
in a relatively homogeneous patient cohorts, namely in
only one subtype and in those treated with current standard
regimen for the subtype.

As in the immune response by T cells, neoangiogenesis
has been considered important in breast cancer [20-22].
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Neoangiogenesis is frequently co-regulated with tumor-
infiltrating lymphocytes and increased neoangiogenesis in
responders to neoadjuvant aromatase inhibitor, as reported
by increase in the vasohibin-1 positive ratio (VPR) derived
from the CD31 to vasohibin-1 ratio [23]. Therefore, the
evaluation of neoangiogenesis combined with CD8+ and
FOXP3+ infiltration is required for assessing the predic-
tion of pCR.

Here we studied the potential roles of CD8 and FOXP3
via immunohistochemical double-staining in predicting
pCR of the patients, together with analyses of neoangio-
genesis, basal and proliferation markers, in a relatively
larger TNBC cohort than previous studies and in a cohort
treated with the current standard regimen of NAC.

Materials and methods
Patients and sample selection

In this retrospective study, 110 unselected TNBC patients
who received NAC at three Japanese institutions (Tohoku
University Hospital, Sendai, Japan; Tohoku Kosai Hospi-
tal, Sendai, Japan; and Nahanishi Clinic, Okinawa, Japan)
between 2009 and 2012 were consecutively included. All
biopsy specimens prior to NAC were fixed in 10 % neutral-
buffered formalin and embedded in paraffin. The three
institutional review boards approved the protocol of this
study, which was conducted in accordance with the Dec-
laration of Helsinki. Written informed consent was
obtained from all patients.

Immunohistochemical double-staining
and quantification of CD8 and FOXP3

The formalin-fixed paraffin-embedded specimens were cut
into 4 um thick sections for immunohistochemistry.
Briefly, the antigen retrieval of FOXP3 was performed by
autoclaving, and the anti-FOXP3 antibody reaction (clone:
236A/E7, Abcam) was performed. Next, CD8 antigen
retrieval was performed and the anti-CD8 antibody reac-
tion (clone: C8/144B, Nichirei) was performed. After the
procedure for the biotin-streptavidin reaction, Vector
Blue® was used to visualize the binding of the anti-CD$
antibody (blue), in contrast to FOXP3 (brown) [24].

To quantify the infiltration of CD8+ or FOXP34 T
cells, four non-overlapping fields with high numbers of
tumor-infiltrating lymphocytes on hematoxylin—eosin-
stained glass slides were selected. In the same fields of
double-staining with CD8 and FOXP3 as the above four
fields, the number of CD8+ or FOXP3+ lymphocytes was
counted under high power magnification (x400). The mean
number of CD84 or FOXP3+ lymphocytes per field was
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