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The hormonal carcinogenesis of breast cancer involves hormone-driven cell proliferation and genetic
alterations, including oncogene activation and suppressor gene inactivation. However, the predominant genes
involved in these processes are currently unknown. Our previous studies identified a gene, namely
a-tocopherol-associated protein, which is preferentially expressed in normal/benign breast and prostate tissue,
but its expression is downregulated in breast and prostate carcinomas. To further examine its function in
hormone-induced carcinogenesis, we examined if there is an association between a-tocopherol-associated
protein and estrogen-receptor expression in normal/benign breast tissue and in human breast carcinomas. We
found that a-tocopherol-associated protein is coexpressed with estrogen receptor in the luminal cells of normal/
benign breast tissue in a scattered manner by immunohistochemical staining of consecutive tissue sections of
20 cases, whereas a-tocopherol-associated protein expression is downregulated in 46% (45 of 98) of estro-
gen-receptor/progesterone-receptor-positive, so-called luminal type A or B human breast carcinoma. This is
similar to the association of a-tocopherol-associated protein and androgen receptor expression in normal/
benign prostate and prostate carcinomas. In contrast,a-tocopherol-associated protein expression is mostly
negative in basal, Her2 and triple-negative nonbasal subtypes of high-grade breast carcinomas. These findings
are consistent with a-tocopherol-associated protein acting as an antiproliferative factor in estrogen-receptor-
positive luminal cells in normal/benign breast tissue. a-Tocopherol-associated protein downregulation may
have triggered hormonal carcinogenesis in at least some of the breast carcinomas, providing further, albeit
indirect evidence to support a role for vitamin E in breast cancer prevention.
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It is well recognized that a major category of breast
cancers are regulated by steroid hormone receptors.
Approximately 60–80% of breast carcinomas are
estrogen receptor (ER) and/or progesterone receptor
(PR) positive, and this is particularly true for

non-high-grade tumors.1 A recent model of molecu-
lar subclassification based on gene expression
profiling has demonstrated that ER-/PR-positive
breast carcinomas can be further divided into
luminal type A (ER/PRþ , Her2�) and B (ER/PRþ ,
Her2þ ), whereas ER-/PR-negative carcinomas can
be subclassified as Her2 overexpression type (ER/
PR�, Her2þ , any CK5/6 and EGFR), basal-like type
(ER/PR/HER2�, CK5/6 and/or EGFRþ ) and triple-
negative nonbasal type (ER/PR/Her2�, CK5/6 and
EGFR�).2–4 On the other hand, ER and/or PR are
expressed in only scattered normal/benign breast
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epithelial cells. In a given terminal duct lobular
unit, it was reported that only approximately 10% of
the luminal cells are ER and/or PR positive.5 If we
hypothesize that ER- and/or PR-positive cells in
normal/benign breast tissue serve as the progenitor
cells of ER-/PR-positive luminal type breast carci-
nomas, it is reasonable to speculate that in the
normal setting, some factors must be preventing
those ER-/PR-positive luminal cells in normal/
benign breast tissue from undergoing malignant
transformation.

The process of hormonal carcinogenesis involves
hormone-driven cell proliferation and the accumu-
lation of gene mutations, including tumor suppres-
sor gene downregulation and oncogene activation.6

In breast cancer, although alterations of HER2
oncogene and p53 tumor suppressor gene have been
identified in about 20–25% of breast carcinomas,7,8

no dominant gene mutations have been identified in
the majority of sporadic carcinomas. Notably, HER2
and p53 alterations have been found mostly in ER-/
PR-negative breast carcinomas, such as basal sub-
type or triple-negative nonbasal type,9,10 but their
alterations are uncommon in ER-/PR-positive
luminal type tumors. These findings indicate that
p53 and Her2/neu are not the dominant genes in the
hormonal carcinogenesis in breast cancer.

In addition, breast cancers are considerably
heterogeneous with respect to their biological and
clinical behavior. Among the ER-/PR-positive lumi-
nal type breast carcinomas, there is a broad range of
tumor histologies, nuclear grade and significant
variability in responsiveness to adjuvant endocrine
treatment and chemotherapy. Only 50% of ER-/PR-
positive tumors are hormone dependent and show a
positive response to endocrine therapy.11 The
mechanisms underlying these dramatic clinical
and biological variations are currently unknown.

Our previous study showed that a-tocopherol-
associated protein (TAP), an a-tocopherol-binding
protein, is universally expressed in normal/benign
breast epithelium in a scattered manner.12 However,
it is downregulated in breast cancer cell lines and in
57% of breast carcinomas, suggesting that this
protein may have a tumor suppressor-like function
through a vitamin E-dependent or -independent
pathway. To further explore this hypothesis, we
wanted to observe if there is an association between
TAP and ER expression in normal/benign breast
tissue and breast carcinoma, to help further define a
potential function of TAP in the hormonal carcino-
genesis of breast cancer. In the current study we
have applied immunohistochemical staining for
TAP and ER on consecutive tissue sections of
normal/benign breast core biopsy specimens to
compare their distributions in breast epithelium.
Furthermore, we compared TAP expression with
that of ER/PR, Her2/neu, CK5/6 and EGFR in breast
carcinomas. We found that although TAP is con-
sistently coexpressed with ER in normal/benign
duct luminal cells, its expression is downregulated

in 46% of ER-/PR-positive breast carcinomas,
further supporting its tumor suppressor-like func-
tion in hormonal carcinogenesis.

Materials and methods

Twenty core biopsy specimens of human breast with
normal morphology or benign changes were identi-
fied from the file in the Pathology Department at
Strong Memorial Hospital (Rochester, NY, USA).
Ten of them were from patients without breast
cancer and ten were from patients with a history of
breast cancer. Ten patients were younger than 50
years and the other ten were 50 years or older.
Consecutive 3.0 mm thick sections were taken.

A total of 141 cases of invasive mammary
carcinomas were identified, as previously re-
ported.12 A Bloom–Richardson grade was given to
each case by two pathologists after reviewing the
H&E slides. Of them, 59 were high-grade (Bloom–
Richardson grade 3) and 82 were non-high-grade
(grade 1 and 2) carcinomas. One tissue block that
had both invasive carcinoma and normal breast
tissue was selected from each case.

Immunohistochemical staining for TAP and ER
was performed on the consecutive sections of
normal/benign breast core biopsy specimens. A total
of 141cases of invasive carcinomas were stained for
TAP and ER/PR. Among them, 92 cases were also
stained with antibodies to Her2/neu, CK5/6 and
EGFR. Pretreatments consisted of enzyme digestion
or pressure cooker method. Staining was performed
on Dako Autostainer with antibodies incubation at
room temperature for 60 min, then with secondary
antibodies 30 min, washed and then incubated with
streptavidin–HRP for 30 min and AEC for 10 min
followed by Meyor’s hematoxylin. The methodo-
logy, including the source, dilution and procedures
of these immunohistochemical stains, has been
published previously.12,13

a-Tocopherol-associated protein staining of tumor
cells was classified as positive or negative under
light microscopy by comparing it with the adjacent
normal/benign breast tissue. Nuclear and/or cyto-
plasmic staining in tumor cells with the same
intensity as the normal/benign breast tissue was
considered positive, whereas markedly reduced or
absence of staining was considered negative. Posi-
tive staining for ER/PR was defined as nuclear
staining in 410% of tumor cells, for Her2/neu and
EGFR as 410% of tumor cells with 3þ complete
membrane staining and for CK5/6 strong cyto-
plasmic staining.13,14

Fisher’s exact test and w2-test were used in statistic
analysis of the data.

Results

a-Tocopherol-associated protein positivity is
present in a scattered manner in the nuclei and/or
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cytoplasm of luminally located cells in a given
terminal ductal lobular unit in normal/benign hu-
man breast tissue, and it is not expressed in the
myoepithelial cells. This expression pattern is
similar to that of ER. Indeed, examination of
consecutive sections revealed that TAP and ER are
coexpressed in the same cells, whereas TAP-nega-
tive cells are also negative for ER. This coexpression
was observed in all 20 core biopsy specimens,
regardless of age or breast cancer history
(Figures 1–3).

As we reported previously, TAP expression is
reduced in 57% of all breast carcinomas, but even
more so in high-grade tumors (88%). In the 139
cases with complete TAP and ER/PR information, 98
(71%) were ER/PR positive (so-called luminal type
A or B); among them, 53 (54%) were both TAP and
ER/PR positive, whereas 45 (46%) cases were ER/PR
positive, but TAP negative (Figures 4 and 5). This
finding shows that in contrast to its expression in
normal/benign breast tissue, TAP expression is lost
in a high percentage of ER-/PR-positive breast carci-

Figure 1 TAP (a) and ER (b) expression in normal/benign breast terminal duct lobular unit (original magnification � 40).

Figure 2 TAP (a) and ER (b) expression in normal/benign breast terminal ductal lobular unit (original magnification � 100).
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nomas. Among the 41 (29%) ER-/PR-negative carci-
nomas, however, 32 (78%) were also TAP negative,
whereas only 9 (22%) were TAP positive (Table 1). It
is notable that TAP- and ER-/PR-double-positive
tumors are mostly (89%) non-high grade (Table 2),
whereas tumors that are both TAP and ER/PR
negative are mostly (91%) high grade, as we would
have expected, based on our previous study.12

In 92 cases that were also stained with the anti-
bodies to Her2/neu and basal cell type markers, TAP
was negative in all 8 tumors classified as basal-like
type (CK5/6 and/or EGFR positive), 11 of 14 (79%)
in triple-negative nonbasal type (ER/PR, Her2/neu,
CK5/6 and EGFR negative) and 6 of 9 (67%) in
Her2 over expression type (Her2/neu positive only)
(Table 3). This is again in agreement with the tumor
grade.

Discussion

Breast carcinogenesis is a complex sequential multi-
step process, from the normal epithelium in terminal
duct lobular units, via hyperplasia, atypical hyper-
plasia and carcinoma in situ to invasive carcinoma.
Researchers have long been puzzled by the question
of which cells in the terminal duct lobular unit have
the potential to move on this long transformation
process and become invasive carcinoma. The epithe-
lium of terminal duct lobular unit consists of inner
luminal cells and outer basal/myoepithelial cells.
Recent molecular subclassification of breast carcino-
ma indicates that even though other types of breast
carcinoma such as basal type supposedly arising
from myoepithelium do exist, the majority of breast
carcinomas appear to arise from luminal cells or their

Figure 3 TAP (a) and ER (b) expression in normal/benign breast terminal ductal lobular unit (original magnification �100).

Figure 4 Negative TAP stain (a) in ER-positive (b) invasive breast carcinoma (arrow; original magnification � 40).

TAP and ER in normal/benign breast tissue and carcinomas
S Johnykutty et al

4

Modern Pathology (2009) 1–6



progenitors. It has been shown that up to 95% of
breast carcinomas express phenotypic markers that
are consistent with a luminal origin.15 In the search
for cancer progenitor cells and the genetic changes
that ultimately lead to an invasive carcinoma, the fact
that breast carcinogenesis is also a hormone-driven
process should not be forgotten. In a given terminal
duct lobular unit, it is reported that only approxi-
mately 10% of luminal cells are ER/PR positive,
whereas in contrast up to 80% of breast carcinomas
are ER/PR positive. This phenomenon may indicate
that those ER-/PR-positive luminal cells are the most
vulnerable progenitor cells and candidates for the
accumulation of genetic alterations that may ulti-
mately give rise to ER-/PR-positive breast carcino-
mas. Therefore, it is important that studies should
focus on ER-/PR-positive luminal cells in the term-
inal duct lobular unit to help us understand the early
changes that could lead to initiation, promotion and
progression of breast carcinogenesis.

ER is a ligand-inducible nuclear transcription factor.
Its activation can trigger a cascade of signal transduc-
tion through genomic or nongenomic pathways, with
the effects of increased cell proliferation and inhibition
of apoptosis, and if left unchecked or unopposed,
eventually tumor formation.1 Given the multitude of
powerful biological effects that ER has on the mam-
mary epithelium, it is reasonable to postulate that

there are restraining mechanisms in ER-positive
luminal cells, which will prevent uncontrolled
growth, and that loss of these restraints may be an
important early event that could eventually result in
hormone-induced carcinogenesis. The works by Clarke
and Russo16,17 identified that ER-/PR-positive epithe-
lial cells in normal/benign breast tissue are actually
Ki67 negative, indicating that they are the nonprolifer-
ating cells. This finding further supports the presence
of restraining factors in ER-/PR-positive luminal cells.

Genetic alterations in carcinogenesis include
oncogene activation and tumor suppressor gene
inactivation. However, the specific genes involved
in progression of hormone-related cancers, includ-
ing breast and prostate carcinomas, are currently
unknown. p53 is a tumor suppressor gene, which
has been found to be mutated in up to 50% of
human cancers.18 However, its mutation rate in
breast carcinomas is only 20–25%, and mutations
are found primarily in ER-/PR-negative, nonluminal
type carcinomas. Similarly, Her2/neu as an onco-
gene is overexpressed in only about 20% of
breast carcinomas, again mostly in ER-/PR-negative
tumors. It is apparent that although alterations of
p53 and Her2/neu may have been involved in the
carcinogenesis of some of the high-grade breast
carcinomas, namely Her2 overexpression type, basal

Table 1 TAP expression in ER/PR-positive or -negative invasive
breast carcinomas

TAP+ TAP� Total

ER/PR+ 53 45 98
ER/PR� 9 32 41

Total 62 77 139

Po0.05.
ER, estrogen receptor; PR, progesterone receptor; TAP, a-tocopherol-
associated protein.

Figure 5 Negative TAP stain (a) in ER-positive (b) invasive breast carcinoma (arrow) (original magnification � 100).

Table 2 The expression of TAP and ER/PR in high- or non-high-
grade invasive breast carcinomas

ER/PR+/
TAP+

ER/PR+/
TAP�

ER/PR�/
TAP+

ER/PR�/
TAP�

Total

Non-high grade 47 30 2 3 82
High grade 6 15 7 29 57

Total 53 45 9 32 139

Po0.05.
ER, estrogen receptor; TAP, a-tocopherol-associated protein.
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type and triple-negative nonbasal type carcinomas,
they are not the dominant genes involved in the
hormone-induced carcinogenesis.

In our previous studies,12,19 we determined that
TAP, as a tocopherol-binding protein, can facilitate
vitamin E retention in tumor cells and regulate tumor
cell proliferation through a vitamin E-dependent or -
independent pathway. We also found that although
TAP is selectively expressed in normal prostate and
breast tissue, it is downregulated at the mRNA and
protein levels in a large number of prostate and breast
carcinomas. In current study, we first demonstrated
that the expression of TAP in normal breast terminal
duct lobular unit is the same as ER as a scattered
pattern. The staining on consecutive tissue sections
showed that TAP and ER are coexpressed in the same
normal/benign luminal cells. In contrast, TAP expres-
sion is downregulated in a large number of ER-/PR-
positive invasive carcinomas. More interestingly,
when we reviewed the TAP status in prostate in our
previous study,19 we saw that TAP is expressed in a
diffuse pattern in benign prostate glands, similar to
androgen receptor (AR) expression, whereas TAP
expression is downregulated in AR-positive prostatic
carcinomas. The corresponding findings regarding
hormone receptors and TAP in breast and prostate
further support a tumor suppressor-like function of
TAP in hormone-induced carcinogenesis. TAP may
serve as an antiproliferation factor counteracting the
proliferative effect of ER or AR in normal/benign
luminal cells of breast and prostate tissue to maintain
tissue homeostasis. Downregulation of TAP could
break up this balance and trigger the process of
hormonal carcinogenesis.

Vitamin E has been widely studied as a supplement
in the prevention of human cancers, especially of
prostate and breast. However, the results have been
not consistent, due to the limitations of epidemio-
logical and experimental studies. In our studies, the
preferential expression of TAP, the a-tocopherol-
binding protein, in normal/benign breast and prostatic
luminal cells indicates that there may be a preferential
accumulation of a-tocopherol, the principle and most
active vitamin E isoform, in the normal/benign
luminal epithelial cells, whereas downregulation of
TAP in in situ and invasive carcinomas suggests a
correlation between the reduction of tocopherol and
initiation of carcinogenesis. We take this as strong,

albeit indirect, in vivo evidence to support vitamin E
as a supplement in breast cancer prevention.
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Table 3 TAP expression in different subtypes of invasive breast
carcinomas

Luminal
A

Luminal
B

Her2
type

Basal
type

Triple (�)
nonbasal

Total

TAP+ 31 3 3 0 3 40
TAP� 23 3 7 8 11 52

Total 54 6 10 8 14 92

Po0.05.
TAP, a-tocopherol-associated protein.
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