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Retinoic acid (RAR) and retinoid X receptors (RXR) are essential in the transcriptional actions of
retinoids. To date, RAR and RXR have not been examined in precancerous lesions and/or ductal
carcinoma in situ (DCIS) in human breast. Therefore, we examined RAR and RXR subtypes in
DCIS (58 cases), atypical ductal hyperplasia (ADH) (32 cases), and proliferative disease without
atypia (PDWA) (32 cases) to study the status of these RARs and RXRs. Immunoreactivities for
RAR a, RXR a, RXR B, and RXR y were all detected in the nuclei of normal ductal epithelia.
Immunoreactivity for RAR B was detected exclusively in the nuclei of myoepithelial cells, but not
in normal ductal epithelia. Immunoreactivity for RAR y was not detected in any of the breast
tissues examined except for a few cases of PDWA and ADH, and 11 cases of DCIS. The RXR a
labeling index (L) was significantly higher in both DCIS (mean 77.9) and ADH (mean 77.7) than in
PDWA (mean 62.8) (P<0.001). RXR B LI was significantly lower in DCIS (mean 81.5) than in both
ADH (mean 91.1) and PDWA (mean 91.9) (P=0.0001). Immunoreactivity for RAR a, RXR a, RXR
B and RXR y was widely distributed compared to that of RAR B and RAR yin DCIS, ADH and
PDWA. RAR a LI was significantly correlated with Ki67 L1 in DCIS (P=0.0040), especially in
estrogen receptor (ER)-positive DCIS. Our results suggest that RXRs are much more widely
distributed than RARs in intraductal proliferative lesions of tne human breast, but ER-positive DCIS
cases with high cell proliferative activity are associated with RAR a, suggesting the possible

involvement of retinoids through RAR a in tumor cell proliferation in DCIS.
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Vitamin A-derived retinoids are well known to regulate
cell proliferation and differentiation in a wide range of tis-
sues and cell types.>? Retinoids can also inhibit the prolif-
eration of a large variety of norma and neoplastic cell
types in vitro,®" and recently they have been used suc-
cessfully in the treatment and prevention of a number of
human malignant neoplasms, such as acute promyelocytic
leukemia®® These effects are mainly mediated by two
classses of nuclear retinoid receptors, which belong to the
steroid/thyroid hormone receptor superfamily, retinoic
acid receptors (RAR9)¥ and retinoid X receptors
(RXRs).%17 Retinoid receptors are known to function as
heterodimers of RAR and RXR, or as RXR homodimers,
and to activate transcription in a ligand-dependent manner
by binding to retinoic acid-responsive elements (RARES)
located in the promoter region of various target genes.'®
Both RARs and RXRs are composed of three subtypes: a,
B, and y. The expression patterns of these retinoid receptor
subtypes have been considered to regulate the expression
of distinct target genes and the actions of retinoids.'®

4To whom correspondence should be addressed.
E-mail: n-ariga@patholo2.med.tohoku.ac.jp

Despite the established roles of retinoids in the inhibi-
tion of growth in human breast cancer cell lines*?? and
the potential roles of retinoids in chemoprevention or ther-
apy of breast cancer,®? relatively limited information is
available on the expression of retinoid receptors and/or
the actual biological effects of retinoids in human breast
carcinoma tissues. In advanced human breast carcinomas,
an increased expression of RAR a has been reported,®
and recently, decreased expression of RAR 3 mRNA has
been reported.?

Chemoprevention utilizing retinoids appears to be more
effective in the early phase of cancer, or in the premalig-
nant phase than in the advanced phase of cancer.% %)
However, expression of retinoid receptors has been little
studied in the early phase of breast cancer, i.e., ductal car-
cinoma in situ (DCIS)?® or other intraductal proliferative
lesions such as atypical ductal hyperplasia (ADH). The
anti-proliferative effects of retinoids have been recognized
mainly in hormone-dependent or estrogen receptor (ER)-
positive breast carcinoma, but hardly in hormone-indepen-
dent or ER-negative breast carcinoma. -39 Additionally, it
is known that there are more ER-positive cases in low-
grade DCIS than in high-grade DCIS, or invasive breast
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carcinoma.®>-3¥ Therefore, in this study, we examined the
expression of RARs and RXRs in both benign human
breast tissue and in human breast in situ carcinomas. We
also examined the correlations among these findings, ER
o status, progesterone receptor (PR) status, Ki67 labeling
index (L1), c-erbB-2 overexpression, and p53 mutation, in
order to further characterize the biological significance of
these retinoid receptors in breast carcinoma.

MATERIALS AND METHODS

Cases Surgical pathology specimens were retrieved from
the pathology files of Tohoku University Hospital, Sendai,
Kawasaki University Hospital, Kurashiki, and Tohoku
Kousai Hospital, Sendai. These specimens included 58
cases of DCIS, 32 cases of ADH, and 32 cases of prolifer-
ative disease without atypia (PDWA) including moderate
and florid hyperplasia of the usual type. Pathological diag-
nosis was based on the criteria of Dupont and Page® and
of Ottesen et al.*® Classification of DCIS was based on
the Consensus Conference on the Classification of Ducta
Carcinoma In Situ in 1997.3" Non-pathological breast tis-
sues were available for examination in 13, 12 and 12 cases
of DCIS, ADH and PDWA, respectively. All of these spec-
imens were fixed in 10% formalin for 24 to 48 h and
embedded in paraffin.

Antibodies Polyclona antibodies for RAR a (sc-551),
RAR B (sc-552), RAR y (sc-550), RXR a (sc-553), and
RXR vy (sc-555) were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA). Polyclonal antibody for RXR 8
was kindly given to us by Dr. Sugawara (2nd Department
of Internal Medicine, Tohoku University, Sendai). The
detailed characterization of this antibody has been
reported.® Antibodies against ER a, PR, P53, and c-erbB-
2 and Ki67 antibody (MIB1) were commercially obtained.
The source, optimal dilution, and pretreatment method for
immunostaining are summarized in Table I.

Immunohistochemistry Serial 3 um thick sections were
prepared. The first and last sections were stained with
hematoxylin-eosin for confirmation of the pathological
diagnosis. Sections from paraffin formaldehyde-fixed
blocks were deparaffinized in xylene and dehydrated in a
gradient of ethanol. When necessary, an antigen retrieval
method was employed. Intrinsic peroxidase activity was
blocked with 0.3% hydrogen peroxide in methanol for 30
min at room temperature. Sections were subsequently
washed in distilled water and 0.01 mol/liter phosphate-
buffered saline (PBS). Sections were then incubated with
1% normal goat serum for the polyclona antibody, or 1%
normal rabbit serum for the monoclonal antibody, in PBS
for 30 min at room temperature, followed by an overnight
incubation with the primary antibody at 4°C. The dilutions
of primary antibodies employed in this study are summa-
rized in Table I. The sections were then incubated with
biotinylated goat anti-rabbit 1gG for polyclonal primary
antibodies, or hiotinylated rabbit anti-mouse 1gG for mon-
oclonal antibodies (Histofine Kit; Nichirei, Tokyo), and
with horseradish  peroxidase-conjugated streptoavidin
(Nichirel). Sections were developed with 3,3'-diaminoben-
zidine (DAB) and counterstained with hematoxylin. As a
negative control for immunostaining, sections were incu-
bated with 0.01 mol/liter PBS, or normal mouse, or rabbit
1gG, instead of primary antibodies. No specific immunore-
activity was detected in these tissue sections. Specificity
of immunoreactivity was also confirmed by preabsorption
of anti-RAR serum, anti-RXR a, or anti-RXR y with the
respective immunizing peptide (sc-551P, sc-552P, sc-550P,
sc-553P, and sc-555P obtained from Santa Cruz Co., Ltd.)
for 18 h at 4°C prior to the immunohistochemical proce-
dure. Each antibody was incubated with a five-fold (by
weight) excess of the respective immunizing peptide.

Scoring of immunoreactivity For evaluation of Ki67,
retinoid receptors and steroid receptors, scoring in prolif-
erative lesions were evaluated independently by two of the

Tablel. Summary of Primary Antibodies Employed in This Study
Antibodies Dilution Antigen retrieval Source

ER o (monoclonal) 11 (prediluted)  Autoclave? Immunotech (Marseille, France)
PR (monoclonal) 1:30 Autoclave? Chemicon (Temecula, CA)
Ki67 (monoclonal) 1:50 Microwave® Immunotech (Marseille, France)
p53 (monoclonal) 1:40 Microwave® Biomeda (Foster City, CA)
c-erbB-2 (polyclonal) 1:800 None Nichirei (Tokyo)
RAR a (polyclonal) 1:500 Autoclave? Santa Cruz (Santa Cruz, CA)
RAR [ (polyclonal) 1:500 Autoclave? Santa Cruz (Santa Cruz, CA)
RAR y (polyclonal) 1:500 Autoclave? Santa Cruz (Santa Cruz, CA)
RXR a (polyclonal) 1:500 Autoclave? Santa Cruz (Santa Cruz, CA)
RXR B (polyclonal) 1:500 Autoclave? Sugawara et al., 1995
RXR y (polyclonal) 1:500 Autoclave? Santa Cruz (Santa Cruz, CA)

a) Autoclaved for 5 min at 120°C in 0.01 mol/liter sodium citrate buffer (pH 6.0).
b) Treated for 7.5 min in 0.01 mol/liter sodium citrate buffer (pH 6.0).
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authors (NA and TM) in high-power fields (x400) using
standard light microscopy. In each case, 200-500 cells in
the lesion were counted, and the percentage of immunopos-
itive cells, i.e. the LI, was determined. Cases with discor-
dant results between observers were simultaneously re-
evaluated by the same two authors using double-headed
light microscopy. For p53 immunostaining, cases with 5%
or more tumor cells positive for p53 nuclear immunoreac-
tivity were designated as positive, and other cases were
designated as negative according to the report by Poller et
al.® For evaluation of c-erbB-2, cases were defined as
positive only when immunoreactivity was identified on the
plasma membrane. Other cases were defined as negative.
Statistical analyses A Kruskal-Wallis test was used for
comparison of three or more groups, for continuous vari-
ables. Mann-Whitney’s U test was used in the comparison
of two groups with continuous variables. x? test was used
in the comparison of calculated data for some categories.
The correlation analysis between different parameters with
continuous variables was assessed by Spearman’s rank-
order correlation coefficient. P values less than 0.05 were
considered significant.

RESULTS

Immunohistochemistry of retinoid receptors Immu-
noreactivities for RAR a, RXR a, RXR B, and RXR y
were all detected in the nuclei of normal ductal epithelial
and myoepithelial cells, but immunoreactivity for RAR a
was weak (Fig. 1). Immunoreactivity for RAR B was
detected exclusively in the nuclei of myoepithelial cells,
but not of normal ductal epithelia. Immunoreactivity for
RAR y was not detected in any of the cases examined
except for three cases of PDWA, two cases of ADH and
11 cases of DCIS. The distribution of LI for each subtype
of retinoid receptor is summarized in Table Il.

RXR a LI was significantly higher in both DCIS (mean
77.9, 95% confidence interval (Cl) 72.9-82.9) and ADH
(mean 77.7, 95% Cl 72.0-83.4) than in PDWA (mean
62.8, 95% CI 55.1-70.0) (Kruskal-Wallis, P<0.001). On
the other hand, RXR 3 L1 was significantly lower in DCIS
(mean 81.5, 95% CI 77.7—85.3) than in both ADH (mean
91.1, 95% CI 89.1-93.1) and PDWA (mean 91.9, 95% Cl
89.3-94.5) (Kruskal-Wallis, P=0.0001). There were no
other differences in retinoid receptor subtype LIs among
PDWA, ADH, and DCIS.

In DCIS, RAR a LI was significantly correlated with
Ki67 LI (Spearman’s rank test, P=0.0040), and this corre-
lation was especially marked in ER a-positive DCIS cases
(Fig. 2). There was no such correlation detected in PDWA
or ADH cases. There was no significant correlation
between Ki67 LI and the LI for any other retinoid receptor
in any histological category. RXR a LI was significantly
correlated with ER a LI in PDWA and ADH (Spearman’s

Retinoid Receptors in DCIS and Proliferative Lesions

rank test, P=0.0253 and P=0.0331, respectively). In
DCIS, RXR a LI tended to be correlated with ER o LI,
but this correlation did not reach statistical significance.

There was no significant correlation between RAR a LI
and LI for any of the subtypes of RXR in DCIS cases.
Among RXRs, RXR a and RXR 3 were significantly cor-
related (Spearman’s rank test, P<0.001), as were RXR a
LI and RXR y LI (Spearman’s rank test, P<0.01). Both
RXR B LI and RXR y LI were higher in cases with necro-
sis than in those without necrosis (Table I11). There was no
significant correlation between RAR a LI or LI for any
subtype of RXR and immunoreactivity for c-erbB-2 or p53
in DCIS (data not shown). On the other hand, there was no
significant correlation between RAR o LI and LI for any
subtype of RXR in ADH and PDWA cases, and there was
also no significant correlation among RXRs (data not
shown).

DISCUSSION

Retinoids are potent chemopreventive agents utilized in
the treatment regimes for various malignant neoplasms,
including breast cancer. Retinoid receptors, RARs and
RXRs, in target cells are essential for retinoid action. We
studied the expression of these receptors in intraductal
proliferative lesions of human breast by immunohisto-
chemistry. Marked variations were detected in the patterns
of expression of retinoid receptors, RAR o, RAR (3, RAR
Y, RXR a, RXR 3, and RXR vy, in DCIS and other intra-
ductal proliferative lesions of human breast. Chambon®®
noted that the retinoid receptor subtypes showed specific
patterns of expression during embryonic development and
within different organs in adults, suggesting that the
spatial and temporal expression patterns of retinoid recep-
tor subtypes regulate the expression of distinct genes
in various tissues. Therefore, our results suggest that
different mechanisms may be involved in the regulation
of retinoid receptor expression in these breast disorders.
Among retinoid receptor subtypes, immunoreactivity for
RAR o, RXR a, RXR  and RXR y was widely dis-
tributed compared to that for RAR B and RAR vy in
DCIS and intraductal proliferative lesions, such as PDWA
or ADH. Our findings appear to indicate that retinoid
actions mediated via RXRs are predominant over those
mediated via RARs. In head and neck sguamous cell
carcinoma cells, retinoid receptors are involved in the
growth-inhibitory effects of retinoids, and RXR-RAR het-
erodimers rather than RXR-RXR homodimers are con-
sidered to be the major mediators of growth inhibition
by retinoids*® In addition, RAR-RXR heterodimers are
reported to play an important role in mediating the
growth-inhibitory effects of most retinoids in human bron-
chial epithelial cells? The results of these previously
reported studies suggest that RAR-RXR heterodimers are
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more strongly associated with carcinogenesis than RXR-
RXR homodimers. RXRs are therefore more widely dis-
tributed than RARSs, but alterations of RARs may play
more important roles as restrictive factors in carcino-
genesis.

Chemoprevention has been frequently used in the man-
agement of cancer. Retinoids are considered potent agents
for chemoprevention of various malignant neoplasms.® 227
Our study demonstrated that RAR a LI was significantly
correlated with Ki67 LI in DCIS, especially that of hor-

J-
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Fig. 1. Immunohistochemistry for retinoid receptors in
normal ducts (A—F) and DCIS (G-L). In norma duct,
many nuclei of duct epithelial cells are positive for RAR a
(A), but negative for RAR 3 (B) and RAR y (C). Immu-
noreactivity of RAR [ is recognized in nuclei of myoepi-
thelia of normal duct. On the other hand, in normal breast
tissue, not only duct epithelial cells, but also other types of
cell such as myoepithelia and interstitial fibroblasts are
positive for all RXR subtypes (RXR a (D), RXR B (E),
and RXR y (F)). In DCIS, carcinoma cells are frequently
positive for RAR a (G), but always negative for RAR 3
(H) and RAR y (I). Most of the carcinoma cells are posi-
tive for all RXR subtypes (RXR a (J), RXR B (K), and
RXR y (L)). The same examples as above (G-L) are
shown with hematoxylin-eosin staining at lower magnifi-
cation in order to reveal the architecture (M).

mone-dependent DCIS, that is, ER-positive DCIS. This
observation is compatible with a previous report that indi-
cated a positive correlation between the expression of
RAR a and proliferative activity.? Cell proliferation of
ER-positive breast cancer has been reported to be inhibited
by retinoic acid, likely via RAR a.2-3Y These results sug-
gest that, in ER-positive ductal carcinoma with a high pro-
liferative rate, retinoids can inhibit the proliferation of
tumor cells through their binding to RAR a. Therefore,
retinoids may be of use in the prevention of intraductal
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carcinoma of human breast in the high-risk group of
patients, such as those diagnosed with ADH.

There are few studies that have investigated the expres-
sion of RXRs in human breast cancer, especialy in
DCIS® RXR a LI was significantly higher in both DCIS

Table Il.  Summary of Immunohistochemical Character for Each
Histological Category and Age of Patients
PDWA ADH DCIS
(n=32) (n=32) (n=58)
Age’ 43.8 42.6 51.2
[40.4-47.3] [385-467]  [48.0-54.4]
p53° 0/32 0/32 7/58
c-erbB-2' 0/32 0/32 14/58
Ki67 LIT 35 4.3 9.6
[2.3-4.7] [3.3-5.4] [8.3-10.9]
ERLIT 333 65.0 64.7
[25.8-40.8] [54.8-75.3]  [55.0-74.5]
PRLIT 26.8 48.4 47.3
[19.1-345]  [35.3-615]  [37.5-57.1]
RARa LI 19.4 27.6 311
[115-27.4] [16.0-39.2] [22.5-39.8]
RARB LI 0.2 0.3 18
[-0.2-0.5] [0-0.6] [0.5-3.0]
RAR Yy LI 12 0.2 17
[-0.3-2.7] [-0.1-0.4] [-0.4-3.8]
RXRa LI 62.8 7.7 77.9
[55.6—70.0] [72.0-83.4] [72.9-82.9]
RXRBLI* 91.9 91.1 815
[89.3-94.5] [89.1-93.1] [77.7-85.3]
RXR vy LI 80.9 83.1 849
[50.8-111.1] [73.1-93.1] [78.8-90.9]

Each value is the mean of all cases examined and values in
parentheses are 95% confidence intervals except for p53 and c-
erbB-2, for which numbers of positive cases/total cases are indi-
cated. 0P<0.001,  P<0.0001, t P<0.05, £ P=0.0001.
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and ADH than in PDWA, but RXR 3 LI was significantly
lower in DCIS than in both ADH and PDWA. The differ-
ences of LI were relatively small compared to the LIs of
RXR a or RXR B in these lesions. However, further inves-
tigations are needed to clarify the differences of these
RXR subtypes among PDWA, ADH, and DCIS because
the function of each RXR subtype in the mammary gland
has yet to be clearly defined. In addition, RXR a LI and
ER a LI were both significantly correlated in PDWA and
ADH, but not in DCIS. Some recent studies have demon-
strated an interaction between estrogen action and RXRs/
or 9-cis retinoic acid and/or peroxisome proliferator-acti-
vated receptors® 44 Results from our study are also
consistent with those of other investigators, but further

Table Ill. Labeling Index for Each Subtype of Retinoid Recep-
tor in Relation to the Presence of Necrosis or the Nuclear Grade
in DCIS

Nuclear grade Necrosis

1 2 3 Present  Absent

RAR a LI 26.7 34.3 24.7 38.3 271
(n=13) (n=36) (n=9) (n=21) (n=37)

RAR B LI 18 2.0 21 0.5 25
(n=13) (n=34) (n=9) (n=20) (n=36)

RAR Yy LI 17 0.01 0.02 4.6 0.1
(n=13) (n=34) (n=9) (n=20) (n=36)

RXR a LI 78.7 79.3 71.6 825 755

(n=13) (n=33) (n=9) (n=19) (n=36)
RXR B LI 78.9 82.2 82.8 87.39 78.29
(n=11) (n=26) (n=9) (n=17) (n=29)
RXRyLI 73.3 86.9 93.1 92.6Y 79.8Y
(n=8) (n=25) (n=5) (n=15) (n=23)
Mean values of labeling indices are shown.
a) P=0.0098.
b) P=0.0066.
B)
30
o]
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Fig. 2. Correlation between labeling index for RAR a and Ki67 in DCIS (Spearman’s rank test). A) ER(+) (n=46). P=0.0049. B)

ER(-) (n=10). P=0.1158.
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investigations are required to clarify the exact role of ret-
inoid receptor subtypes in breast carcinoma.
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