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Short Communication
Altered Expression of a Structural Protein
(Fodrin) Within Epithelial Proliferative
Disease of the Breast

Jean F. Simpson and David L. Page
From the Department of Pathology, Vanderbilt University
Medical Center, Nashville, Tennessee

Although certain histopathologic patterns of epithe-
lial proliferative breast disease are well established
as indicating an increased relative risk for the sub-
sequent development of mammary carcinoma, the
biologic characterization of these changes is not
knoum. One evident histologic characteristic of epi-
thelial hyperplasia is the partial or complete loss of
normal cellularpolarity. Nonerythroid spectrin (fod-
rin) is a structural protein whosefunction is related
to maintenance of cellular polarity. By immunohis-
tochemical analysis, normal breast luminal epithe-
lia contain fodrin confined to a characteristic baso-
lateral distribution. Proliferative breast disease ofthe
common type partially loses this polarized distribu-
tion offodrin; fodrin immunoreactivity is not lim-
ited to a basolateral location but is present around
the cell membrane and is inconsistently present at
luminal interfaces. Whether this change in distribu-
tion offodrin is a permissive event in the develop-
ment ofproliferative disease or merely an associated
finding is not known. (AmJPathol 1992, 141:285-
289)

The recognition of histopathologic patterns of epithelial
proliferation that indicate an increased risk of cancer de-
velopment have been well established.1'2 The underlying
molecular structural alterations attendant with and possi-
bly responsible for these histopathologic changes, how-
ever, have not been characterized. One evident histo-
logic characteristic of epithelial hyperplasia is the loss of
normal cellular polarity, particularly manifest as cells pro-
liferate and often expand basement-membrane bound
spaces. Fodrin (nonerythroid spectrin) is an actin-binding
protein that participates in the establishment of cellular

orientation and polarity.3'4 The cellular localization of fo-
drin has been shown to vary with maturation, both in co-
lonic epithelium5 and in keratinocytes.6 The present study
evaluates the distribution of fodrin within epithelial prolif-
erative disease of the breast. Within normal breast epi-
thelium, fodrin was immunolocalized to the basolateral
portion of luminal, epithelial cells in acini as well as intra-
and interlobular ducts. Fodrin was consistently detected
within epithelial hyperplasia; however, the cellular distri-
bution was different from that of normal epithelium. In all
cases, myoepithelial cells were negative for expression of
fodrin.

Materials and Methods

Tissues

Forty-eight breast biopsies obtained from Vanderbilt Uni-
versity Medical Center and Nashville's Baptist Hospital
were fixed in Omnifix Tissue Fixative (An-Con Genetics,
Inc, Melville, NY) and embedded in paraffin. Hematoxylin
and eosin sections were reviewed for histopathologic di-
agnosis. To compare methods of fixation, a specimen of
normal colon and colon adenocarcinoma were each di-
vided, with one half of each specimen fixed in acetone5
and the other half fixed in Omnifix, followed by paraffin
embedding.

Antibody

Polyclonal rabbit anti-fodrin A antibody was provided by
Drs. Alan Harris and Jon Morrow. Properties of this anti-
body have been described.7
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Immunohistochemical Methods

Four-micrometer sections were prepared from paraffin
blocks mounted on glass slides using 3-aminopropyltri-
ethoxysilane (Sigma, St. Louis, MO) and heated to 60°C
for 1 hour. The slides were deparaffinized in xylenes, re-

hydrated in graded alcohols, and rinsed in phosphate-
buffered saline (PBS). Endogenous peroxidase activity
was blocked by incubating with 0.01% H202 in methanol
followed by two washes in PBS. Nonspecific staining was
blocked by incubating the slides in a 1:20 dilution of nor-

mal horse serum. This and all subsequent reagents were
diluted in PBS containing a 0.01% solution of bovine se-

rum albumin (BSA). Anti-fodrin antibody diluted 1:1000
was added to the slides and allowed to incubate over-

night at 40C. The bound antibody was detected by use of
the streptavidinbiotin method (Vector Laboratories, Bur-
lingame, CA), using diaminobenzidene (DAB), (Sigma,
St. Louis, MO) as chromagen. DAB was enhanced by
copper-sulfate method. The sections were counter-
stained with hematoxylin, dehydrated in alcohol, cleared
in xylenes, and coverslips were mounted with Permount
(Fisher, Norcross, GA).

Results

Because formalin destroys the reactive fodrin epitope,
previous studies have used acetone-fixed, paraffin-
embedded tissues for immunohistochemical studies of
fodrin distribution.5 We compared the preservation of fo-
drin immunoreactivity using Omnifix and acetone fixation.
Normal colon and colonic adenocarcinoma gave similar
immunoreactivity whether the tissue had been fixed in
acetone or Omnifix. Because Omnifix has been used as

an alternative to formalin for routine fixation, we were able
to study 48 consecutive breast biopsy specimens from
our surgical pathology files.

Patients and Histopathologic Diagnoses

The patients, all female, ranged in age from 20-91 with
an average age of 50 years. Age-related involutional and
benign changes present paralleled those that have been
described.810 In addition, the age distribution of epithe-

lial hypeplasia of the usual type was similar. Epithelial
hyperplasia was evenly distributed over all age groups,

and was most prevalent in the biopsies from patients
aged 40-60.

Distribution of Fodrin Immunoreactivity in
Normal Structures

In describing the distribution of fodrin immunoreactivity,
we have employed the anatomic terminology as pre-

sented by Page and Anderson."1 Acini were present in
44 of the 48 cases. Acini consistently expressed fodrin
(Table 1), with immunoreactivity localized primarily to the
lateral portion of the cell membrane. The basal portion of
the cell membrane also was weakly positive for fodrin
(Figure 1). Apical staining was only rarely seen, and was

never as intense as that seen laterally between cells.
Within individual cases, acini were positive throughout,
although staining intensity showed some slight variation.
Except for one case, acini were positive in all cases re-

gardless of age of the patient. Intralobular ducts were

also positive except for one case. These as well as inter-
lobular ducts expressed fodrin in the luminal cells in a

basolateral distribution. Myoepithelial or basalar cells
were consistently negative in all cases.

Fodrin Distribution in Epithelial Proliferative
Disease of the Breast

Twenty-five of 48 cases (52%) showed some degree of
epithelial proliferative disease without atypia, which
ranged from mild to florid hyperplasia.1 Twenty-four of the
25 were positive for fodrin immunoreactivity (Table 1).
The cellular localization of fodrin positivity was membra-
nous and was present around the circumference of the
cell (Figure 2). Some of the cells that bordered secondary
lumina (Figure 2) also showed circumferential, membra-
nous staining; the apical surface of other cells bordering
the lumina were negative although lateral immunoreac-
tivity was observed, similar to the pattern seen in cells of
normal acini. Six examples of papilloma were positive for
fodrin expression with membranous distribution similar to
that seen in usual type hyperplasia (Table 1).

Four cases of atypical hyperplasia were evaluated for

Table 1. Fodrin Immunoreactivity in Breast Tissues

Hyperplasia
Normal Hyperplasia Lobular
acini (usual type) ADH ALH* Papilloma alterationt IMCt
42/43 24/25 2/2 0/2 6/6 4/4 3/3

* Atypical ductal, atypical lobular hyperplasia.
t Lobular alterations include: radial scar, sclerosing adenosis, lactating adenoma, expanded lobules.
t Invasive mammary carcinoma.
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Figure 1. Distribution offodrin in normal breast acinus as detected by immunohistochemical staining with anti-fodrin antibody. Note that
immunoreactivity (arrow) is limited to the basolateral region of luminal epithelial cells with sparing of the apical region. (DAB with
hematoxylin counterstain, X300).
Figure 2. Fodrin expression in epithelial hyperplasia without atypia. As cells proliferate within the basement-membrane bound space, the
original lumen is obliterated. Secondary lumina areformed between proliferating cells. a, b: Moderatebyperplasia without atypia. Note that
while some luminal cells exress fodrin basolaterally, others show circumferential fodrin reactivity, including occasional apical staining
(arrows). c: Florid hyperplasia stained with anti-fodrin antibody (DAB with hematoxylin counterstain, x 125). d: Marked area of (c) showing
circumferential staining, including some luminal cells (arrow) (DAB with hematoxylin counterstain, X300).

fodrin expression (Table 1). Two cases of atypical ductal
hyperplasia were positive with a distribution similar to that
seen in usual type hyperplasia. Two cases of atypical
lobular hyperplasia were negative for fodrin expression.
However, adjacent acini were positive for fodrin.

Fodrin Distribution in Other Benign
Lobular Alterations
One case each of radial scar, sclerosing adenosis, lac-
tating adenoma, and expanded lobular units (>80 acini

in cross section) showed expression of fodrin confined to
lateral portion of the cellular membrane.

Fodrin Expression in Mammary Carcinoma

Three examples of invasive mammary carcinoma were
evaluated for fodrin expression. All three were positive
and showed cytoplasmic staining as well as an accen-
tuation of circumferential membranous staining.
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Discussion

This immunohistochemical study of the ubiquitous struc-
tural protein, fodrin, shows distinct variation in distribution
within the epithelia of benign breasts unrelated to the age
of the patient. Normal epithelium of terminal, intra- and
interlobular ducts contains fodrin in a characteristic ba-
solateral location, more marked laterally between luminal
cells. In hyperplastic epithelia, fodrin is no longer re-

stricted to the basolateral portion of the epithelial cell, but
instead is often present around the complete periphery of
the cell membrane.

Benign alterations, including radial scar, sclerosing
adenosis, and lactating adenoma all contained fodrin in a
basolateral distribution. This maintenance of basolateral
distribution is not unexpected, considering that these le-
sions are characterized by distortion of, or an increase in
number of, acini but not in the number of cells lining each
acinus. Three examples of invasive mammary carcinoma
were evaluated for the presence of fodrin; each case

showed cytoplasmic positivity, thus confirming results
obtained by Younes et al.5

Other studies have examined the distribution of fodrin
within epithelium, including epidermis6 and colonic epi-
thelium.5 Within benign colonic epithelium, fodrin is
present basolaterally, and as cells mature and approach
the lumen, apical positivity for fodrin becomes intense.
This apical localization of fodrin in the luminal enterocyte
is probably related to its development of a mature brush-
border cytoskeleton.5 A similar transition in localization of
fodrin was not seen in normal breast epithelium. This dif-
ference in localization is not surprising considering that
the function of the terminally differentiated breast epithe-
lial cell is much different from that of the absorptive co-

lonic epithelium. Nevertheless, function surely is depen-
dent on proper cellular orientation and polarity, as has
been shown in in vitro.12

Florid epithelial hyperplasia of the breast has a char-
acteristic growth pattern that results in cells, and nuclei
having a parallel orientation of the long axes, resulting in
the so-called 'streaming' pattern as described by
Azzopardi.13 Thus it seems logical to suggest that the
maintenance of strong lateral attachments keeps the
cells parallel as they proliferate (due to an unknown stim-
ulus), resulting in the characteristic streaming or swirling
growth pattern. Cells that border secondary lumina (Fig-
ure 2) are not circumferentially in contact with other cells
and show an inconstant expression of fodrin on the apical
surface. In some examples, it appears that these apical
cells attempt to maintain polarity.

The special and distinct features of the more benign
patterns of hyperplasia in the breast have been defined
histologically and are now correlated with the partial
maintenance of normal basal-lateral expression of fodrin.

Although examples of atypical hyperplasia have not been
adequately studied, the absence of fodrin expression in
atypical lobular hyperplasia correlates with the charac-
teristic discohesive growth pattern seen in this condition.

Fodrin, also known as nonerythroid spectrin, is one of
several cytoskeletal proteins that have been the subject
of recent investigations. The distribution of fodrin is differ-
ent from that of other cytoskeletal proteins. For example,
the adhesive molecule, E-cadherin, is present in reduced
amounts in invasive carcinomas,14 whereas fodrin was
strongly expressed in our three cases as well as the
breast carcinomas evaluated by Younes et al.5 E-cad-
herin may be similar to fodrin in its distribution in normal
breast, although distinction between different anatomic
locations was not addressed.14 The distribution of E-cad-
herin in epithelial proliferative disease of the breast is not
known.

Another ubiquitous structural protein, integrin, shows
a pattern of tissue distribution similar to E-cadherin. How-
ever, in the breast, integrin appears largely limited to the
basal layer, both in normal15 and benign lesions.16 As
with E-cadherin, integrin shows a decreased expression
in invasive carcinomas.17 The presence of other cyto-
skeletal proteins including cytokeratins,18,19 vimentin,
and glial filament protein (GFP) have been studied in nor-
mal and hyperplastic breast tissue19 and have a different
distribution from that of fodrin.
We have shown that the ubiquitous structural protein

fodrin is present within normal breast structures over a
wide range of patient age. Of the many proteins in the
breast that have been the subject of study, the distribu-
tion of fodrin is unique. We have also shown that fodrin is
consistently present within epithelial proliferative disease
of the breast. Its cellular localization, however, varies be-
tween normal breast epithelia and hyperplastic lesions. In
normal epithelium, there is a characteristic intense stain-
ing along the lateral cell membrane between adjacent
cells; in hyperplasia, the proliferating cells show a periph-
eral circumferential staining of the entire cellular mem-
brane as cells are in contact with several other cells. This
peripheral, circumferential staining pattern is present in-
consistently in those cells that border secondary lumina.
This change in distribution in hyperplasia correlates with
the histologic finding of partial loss of cellular orientation
and polarity. Whether this change in distribution of fodrin
is a permissive event or is merely an associated finding is
not known.
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