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Cytokeratin intermediate filament expression in
benign and malignant breast disease

M Heatley, P Maxwell, C Whiteside, P Toner

Abstract
Aim-To carry out a comprehensive
study of cytokeratin expression in benign
and malignant breast epithelium and
breast myoepithelial cells; to examine
changes in the cytokeratin profile in
malignant and benign epithelium and in
carcinomas of increasing histological
grade.
Methods-Frozen sections from fibro-
adenomas (19 cases), fibrocystic disease
(19 cases), and infiltrating ductal (68
cases), lobular (seven cases), and muci-
nous carcinomas (three cases) were
examined using a panel of monoclonal
antibodies.
Results-The luminal epithelium in all
fibroadenomas and all cases of fibrocystic
disease, as well as tumour cells in most
carcinomas, reacted with the specific
antibodies to cytokeratins 7, 8, 18, and 19
and to antibodies which included these
cytokeratins in their specificities (Cam
5 2, AEI, AE3, RCK102, and LP34). In a
few ductal carcinomas none of the
tumour cells reacted for cytokeratins 7, 8,
or 18. Three ductal carcinomas expressed
cytokeratin 14. Only occasional cases
expressed cytokeratins 3, 4, 10, and 13.
Antibodies which included cytokeratins 5
and 14 in their specificities detected
myoepithelial cells less efficiently than
antiactin antibodies.
Conclusion-The cytokeratin profiles in
the luminal epithelium in benign breast
disease and in tumour cells in most carci-
nomas are similar in most cases. Some
carcinomas, however, are negative for
cytokeratins 7, 8, or 18. This may provide
a means of predicting the biological
behaviour of a histologically borderline
lesion.
(7 Clin Pathol 1995;48:26-32)
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The cytoskeleton of eukaryotic cells contains
intermediate filaments, which measure 7-11
nm in diameter as well as microtubules and
microfilaments.1 Depending on their relative
molecular mass and protein structure, cyto-
plasmic intermediate filament proteins have
been categorised into five classes. The twenty
cytokeratin intermediate filament proteins are

typically expressed in epithelial cells and in
carcinomas.2-' Between two and 10 cytoker-
atins are typically expressed by epithelial cells

depending on the cell type, growth environ-
ment in the tissue, embryonic development,
state of tissue development, and the presence
of disease.6

Whilst carcinomas usually express the
cytokeratin profile of their tissue of origin,' 6
exceptions may occur. Tumours may either
begin to express a novel cytokeratin or, alter-
natively, may cease to express cytokeratins
which are normally present in their tissue of
origin.7 Furthermore, changes in the profile of
cytokeratin expression have been found with
increasing tumour grade. These changes may
also be caused by alterations in the epitope
configuration of some cytokeratins.8

This study was carried out to determine
whether cytokeratin expression can be used to
distinguish malignant tumours of the breast
from benign conditions. The value of cytoker-
atm expression in predicting patient prognosis
was also studied, by seeking an association
between the expression of different cytoker-
atins and tumour grade, in ductal carcinomas.
The expression of cytokeratins in breast
myoepithelium and in a group of unusual
tumours is also described.

As routine tissue processing with formalin
based fixatives results in denaturing of anti-
gens, this study was performed on frozen
section material. Although resulting in some
loss in the quality of morphology, the use
of frozen sections provides the optimal
means for preserving immunoreactivity.
Alcohol fixation and freeze drying followed
by embedding the material in paraffin wax
result in only mild antigenetic distortion and
give good morphology.3 1' 12

Methods
Fresh specimens of breast tissue, including
those from lumpectomies and mastectomies
for malignant conditions and local excisions
for benign breast disease, were transported on
ice from the operating theatre to the
histopathology laboratory. In most cases a
previous fine needle aspiration biopsy had
been performed and a diagnosis of benign
or malignant breast disease had been
established. On arrival in the laboratory,
the resection margins were marked with
indian ink. Impalpable lesions were fixed
in 10% unbuffered formol saline before sec-
tioning and were excluded from the study.
All other specimens were sectioned at 1 cm
intervals.
A small portion of tissue measuring 1 x 1

x 0-5 cm was excised and immediately
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Expression of cytokeratins in breast disease

Table 1 Specificities of antibodies used

Dilution on
Antibody Specificity Supplier cryostat sections

RCK105 Cytokeratin 7 Euro- 1 in 20
Diagnostica bv

BA17 Cytokeratin 19 Dakopatts 1 in 10
M20 Cytokeratin 8 ICN 1 in 20
RGE53 Cytokeratin 18 ICN 1 in 20
Cam 5-2 Cytokeratins Beckton 1 in 10

8, 18, 19 Dickenson
Anticytokeratin 14 Specific antibody to Cymbus 1 in 10

cytokeratin 14
RCK102 Cytokeratins Euro- 1 in 20

5, 8 Diagnostica bv
AE1 Cytokeratins ICN 1 in 50

10, 14, 15, 16, 19
AE3 Cytokeratins ICN 1 in 50

1-8
AE2 Cytokeratins ICN 1 in 50

1, 2, 10, 11
LP34 Cytokeratins Dakopatts 1 in 10

6, 18
AE5 Cytokeratin 3 ICN 1 in 50
AE8 Cytokeratin 13 ICN 1 in 50
RSKE60 Cytokeratin 10 Euro- 1 in 20

Diagnostica bv
6B10 Cytokeratin 4 Euro- 1 in 20

Diagnostica bv

Table 2 Total number of cases studied in each group

Type of disease No. ofpatients

Infiltrating ductal carcinoma 68
Lobular carcinoma 7
Mucinous carcinoma 3
Phyllodes tumour (benign) 2
Phyllodes tumour (malignant) 1
Fibroadenoma 19
Fibrocystic disease 19

plunged into pre-cooled isopentane (Prolabo,
Paris, France). Sections were cut at 5 ,um
intervals on a Bright cryostat. Cytokeratins
were detected on cryostat sections using mono-
clonal antibodies at the dilutions shown in
table 1, using the indirect peroxidase method.

Following fixation, gross dissection of the
specimen was completed the following morn-

ing, when representative blocks were taken for
histological examination. The definitive diag-
nosis was made on 4 um paraffin sections
stained with haematoxylin and eosin and the
tumours typed as infiltrating ductal, lobular,

1J
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Figure 1 Staining of the luminal epithelium in thisfibroadenoma is seen with an

antibody specific to cytokeratin 8. The myoepithelium does not react with this antibody
(frozen section x 240).

or mucinous carcinomas. Ductal carcinomas
were graded according to the system devised
by Bloom and Richardson"3 and modified by
Elston et al.'4 For statistical analysis, 12 cases
of fibroadenosis, four of fibrocystic disease,
one of sclerosing adenosis, one of duct ecta-
sia, and one histologically normal breast were
grouped together under the heading fibrocystic
disease. The haematoxylin and eosin stained
frozen sections in each of these cases were
examined and compared with the paraffin sec-
tions to ensure that the appearances of the
frozen sections were representative of those in
the breast as a whole.

In each case slides were reviewed on a Leitz
Laborlux K microscope. A positive reaction
with each of the antibodies was noted when
there was distinct brown staining in the
epithelial cells in breast sections. The propor-
tion of cells reacting with the antibody was
estimated on a semiquantitative scale. Cases
were graded between one and five, depending
whether under 25, 26-50, 51-75, 76-99, or
100% of the epithelial or tumour cells reacted
with the antibody under study. If no staining
was present in the epithelium, the case was
graded as zero.
The presence of a reaction in myoepithelial

cells in cases of fibrocystic disease, fibroade-
nomas, and surrounding foci of ductal carci-
noma in situ, adjacent to 22 of the invasive
tumours, was noted and the proportion of
these cells reacting with each antibody
estimated. In keeping with the protocol for
examining breast specimens described above
no case of ductal carcinoma in situ was sam-
pled without associated invasion.
The proportion of tumour cells reacting

with each antibody in invasive ductal carcino-
mas was compared with the proportion of
epithelial cells in the benign conditions to
determine whether any difference was statisti-
cally significant. A comparison was also made
between the proportion of cells reacting in
fibroadenomas and in fibrocystic disease.
Both of these comparisons were carried out
using the Mann-Whitney U test. If either of
the analyses resulted in a statistically signifi-
cant difference, the proportion of cells react-
ing in ductal carcinomas was compared,
firstly, with the proportion reacting in the
fibroadenomas and, secondly, with the pro-
portion in fibrocystic disease, using the
Mann-Whitney U test. This latter analysis
was performed to determine which of the
benign conditions resulted in the difference
between the benign and malignant groups.
The proportions of cells reacting with anti-

bodies in each of the three grades of infiltrating
ductal carcinoma were also compared to
determine whether cytokeratin expression
changed with differences in tumour grade.
This statistical analysis was performed using
the Kruskal-Wallis test.
The reaction pattern of the various anti-

bodies with the myoepithelial cells surround-
ing areas of in situ ductal carcinoma and the
benign breast diseases were compared using
the Mann-Whitney U test. A p value of < 0-05
was considered significant.
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Figure 2 In a section adjacent to that in fig 1 complementary staining of myoepithelial
cells is seen with the antibody to cytokeratin 14. No reaction is evident in the luminal
epithelium (frozen section x 240).

Figure 3 The antibody to cytokeratin 8 reacts with the luminal tumour cells in this focus
of in situ ductal carcinoma (frozen section x 240).

Figure 4 In a section adjacent to that infig 3 the antibody to cytokeratin 14 highlights
the myoepithelial cells surrounding the foci of in situ carcinoma (frozen section x 240).

Results
Cytokeratins were detected in the luminal
epithelium of the 19 fibroadenoma cases, the
19 cases of fibrocystic disease, the three phyl-

lodes tumour cases, and in the tumour cells in
the 68 cases infiltrating ductal, the seven cases

of lobular, and the three cases of mucinous
carcinoma (table 2 and figs 1-5).
The luminal epithelial cells in most cases of

benign breast disease expressed cytokeratins
7, 8, 18, and 19 and reacted with the anti-
bodies which included these molecules in
their spectrum of reactivity (RCK105, BA17,
M20, RGE53, Cam 5-2, RCK102, AEI,
AE3, and LP34). In some cases this staining
was heterogeneous (tables 3 and 4). A similar
pattern of reaction was seen in the tumour
cells of the infiltrating ductal carcinomas,
although a subgroup of tumours was identi-
fied in which one or more cytokeratins were

absent from all of the cancer cells (table 5).
In cases of benign breast disease there was

a statistically significant difference in the pro-
portion of tumour cells and luminal epithelial
cells which reacted with the antibodies to
cytokeratins 7 and 19 (p = 0 0044 and p =

0-0032, respectively; table 6). There were sta-
tistically significant differences in the propor-
tions of tumour cells and luminal epithelial

Table 3 Number of cases of the 19fibroadenoma cases
reacting, in different proportions, to various anticytokeratin
antibodies

Grade of reactivity

0 1 2 3 4 5

Antibody Number of cases per grade

RCK105 0 0 0 0 2 17
BA17 1 0 0 2 8 8
M20 0 0 0 3 5 10
RGE53 0 0 1 6 9 1
Cam52 0 0 1 1 1 16
Anticytokeratin 14 17 1 0 0 0 0
RCK102 0 1 0 0 7 11
AEI 0 1 0 0 4 14
AE3 1 0 0 1 6 11
AE2 17 2 0 0 0 0
LP34 1 0 1 0 6 11
AE5 5 1 2 2 2 6
AE8 18 1 0 0 0 0
RSKE60 17 0 0 1 0 0
6B10 17 1 0 1 0 0

0 = No reactive cells; 1 = < 25% reactive cells; 2 = 26-50%
reactive cells; 3 = 51-75% reactive cells; 4 = 76-99% reactive
cells; 5 = 100% reactive cells.

Table 4 Number of cases of 19 cases offibrocystic disease
reacting, in different proportions, to various anticytokeratin
antibodies

Grade of reactivity
0 1 2 3 4 5

Antibody Number of cases per grade

RCK105 0 0 1 1 5 12
BA17 0 0 2 3 7 7
M20 0 0 0 2 7 9
RGE53 0 1 3 3 7 5
Cam52 0 1 1 0 0 17
Anticytokeratin 14 15 2 0 0 0 0
RCK102 0 1 0 0 7 11
AEI 0 0 0 0 1 18
AE3 0 0 0 1 3 15
AE2 18 1 0 0 0 0
LP34 0 0 0 0 3 16
AE5 3 4 2 0 3 7
AE8 19 0 0 0 0 0
RSKE60 18 0 0 0 1 0
6B10 19 0 0 0 0 0

0 = No reactive cells; 1 = < 25% reactive cells; 2 = 26-50%
reactive cells; 3 = 51-75% reactive cells; 4 = 76-99% reactive
cells; 5 = 100% reactive cells.
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Expression of cytokeratins in breast disease

cells in fibroadenomas reacting with both
antibodies (cytokeratin 7 p = 0-0022 and
cytokeratin 19 p = 0-00312). The proportions
of tumour cells and luminal epithelial cells in
fibrocystic disease which reacted with the
antibody to cytokeratin 19 (p = 0006) were

Figure S A positive reaction is present in the myoepithelial cells surrounding this focus
of ductal carcinoma in situ with the specific antibody to cytokeratin 14 (frozen section
x 240).

Table S Number of cases out of 64 infiltrating ductal
carcinoma cases reacting, in different proportions, to
various anticytokeratin antibodies

Grade of reactivity

0 1 2 3 4 S

Antibody Number of cases per grade

RCK105 7 4 1 8 12 35
BA17 2 3 0 3 1 1 49
M20 2 3 3 2 14 42
RGE53 4 3 1 1 3 16 27
Cam52 1 2 3 2 6 54
Anticytokeratinl14 61 2 0 0 0 1
RCK102 4 2 1 3 9 45
AEI 1 0 3 5 8 51
AE3 7 0 2 6 1 1 40
AE2 59 2 0 0 0 0
LP34 1 2 4 4 9 48
AE5 18 8 5 4 14 1 1
AE8 60 1 1 1 0 0
RSKE60 61 0 1 0 0 0
6B10 55 5 0 0 0 3

0 = No reactive cells; 1 = <25% reactive cells; 2 =26-50%
reactive cells; 3 = 51-75% reactive cells; 4 = 76-99% reactive
cells; 5 = 100% reactive cells.

Table 6 Summary of the reaction of antibodies to intermediatefilament proteins in cells
from benign and malignant conditions of the breast

The position of cells reacting to antibody

Fibroadenoma Fibrocystic disease Adenocarcinoma

Antibody Positive Negative Positive Negative Positive Negative

RCK105 19* 0 19t 0 60 7
BA17 18* 1 19* 0 66 2
M20 18t 0 18t 0 64 2
RGE53 17t 0 19t 0 60 4
Cam 5-2 19t 0 19t 0 67 1
Anticytokeratin 14 it 17 2t 15 3 61
RCK102 19t 0 19t 0 60 4
AEI 19t 0 19t 0 67 1
AE3 18t 1 19t 0 59 7
AE2 2t 17 it 18 2 59
LP34 18t 1 19t 0 67 1
AE5 13t 5 16t 3 42 18
AE8 it 18 Ot 19 3 60
RSKE60 it 17 it 18 1 61
6B10 2t 17 Ot 19 8 55
* p < 0-05 Mann-Whitney U test compared with infiltrating ductal carcinoma.
t p > 0 05 Mann-Whimney U test compared with infiltrating ductal carcinoma.

significantly different, whilst the proportions
reacting with the antibody to cytokeratin
seven were not. No statistically significant dif-
ferences were identified when these compar-
isons were made for the other antibodies
studied.

Comparison of the proportion of tumour
cells in different grades of infiltrating ductal
carcinoma which reacted with the antibodies
showed no evidence of a statistically signifi-
cant difference (table 7).

Cytokeratin expression in tumour cells in
lobular carcinomas (seven cases), mucinous
carcinomas (three cases), and in the luminal
epithelium of phyllodes tumours (three cases)
reflected that noted for the more common
breast lesions (table 8).

Cytokeratin expression in myoepithelial
cells in the 19 fibroadenomas and 19 cases of
fibrocystic disease was also studied (figs 1 and
2; tables 9 and 10). Although no case of ductal
carcinoma in situ without invasion was exam-
ined, foci of ductal carcinoma in situ were
identified in the breast tissue adjacent to inva-
sive tumours in 22 cases (figs 3, 4, and 5).
These results are presented in table 11.
The reaction pattern identified in the

myoepithelial cells was less predictable than
that observed in the luminal epithelium and
tumour cells. For example, the specific anti-
body to cytokeratin 14, a protein which is
usually widely distributed within the myoepi-
thelium, did not detect these cells in 10 of the
cases of benign breast disease and in situ car-
cinoma examined. Furthermore, each of the
other antibodies to myoepithelial cytokeratins,
RCK102 (detects cytokeratin 5), AE1
(detects cytokeratins 14 and 19), and AE3
(detects cytokeratins 5 and 7), reacted with
the myoepithelium in less than half of the
cases. These antibodies were less efficient
than a specific antiactin antibody, which
detected myoepithelial cells in all cases exam-
ined (figs 5 and 6).

Cytokeratin 14 was expressed in the myo-
epithelium in a greater proportion of cases of
fibrocystic disease than in fibroadenoma cases
(p = 0 008). There was no evidence of a
statistically significant difference with any of
the other antibodies examined (table 12).

Discussion
Luminal epithelial cells in the resting mam-
mary gland express cytokeratins 7, 8, 16, 18,
and 19, whilst the myoepithelial cells express
cytokeratins 5, 7, 14, and 17.'5 In addition,
the expression of cytokeratins 18 and 19 by
myoepithelial cells has been described by
Wetzels et alP6 and Ferrero et al,17 respectively.
As expected, the luminal epithelial cells in

most cases of benign breast disease reacted
with the specific antibodies to cytokeratin 7,
8, 18, 19, and to those antibodies which
included these cytokeratins and cytokeratin
16 in their spectrum of reactivity (that
is, RCK102, Cam 5-2, LP34, AE1, and AE3).

In a number of cases some epithelial cells
did not express these cytokeratins, resulting in
a heterogeneous reaction pattern in the luminal
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Table 7 Breast carcinomas reacting to anticytokeratin antibodies by tumour grade
The proportion of cells reacting to antibody

Not Kruskal-WaMlis
Antibodies reacting Grade I Grade II Grade III test (p value)

RCK105 7 18 30 12 043 NS
BA17 2 22 32 12 0-61 NS
M20 2 20 31 13 0 54 NS
RGE53 4 21 29 10 0-26 NS
Cam 5-2 1 22 32 13 0-93 NS
Anticytokeratin 14 61 0 1 2 0 90 NS
RCK102 4 18 29 13 0 34 NS
AE1 1 23 31 13 0-56 NS
AE3 7 21 27 11 0-20 NS
AE2 59 0 2 0 0 30 NS
LP34 1 23 31 13 0-76 NS
AE5 18 12 18 12 007 NS
AE8 60 0 2 1 0 50NS
RSKE60 61 0 1 0 050 NS
6B10 55 2 4 2 0-92 NS

Table 8 Number of cases of lobular carcinoma, mucinous carcinoma and benign and
malignant phyUodes tumours in which the epithelial cells reacted to a panel of
anticytokeratin antibodies

Tumour type

Phyllodes Phyllodes
Lobular Mucinous tumour tumour

Antibody carcinoma carcinoma (benign) (malignant)

RCK105 5/7 2/3 2/2 1/1
BA17 6/7 3/3 2/2 1/1
M20 7/7 2/2 2/2 1/1
RGE53 7/7 2/2 2/2 1/1
Cam 5-2 7/7 3/3 2/2 1/1
Anticytokeratin 14 0/7 0/2 1/2 0/1
RCK102 5/6 2/2 2/2 1/1
AEI 7/7 3/3 2/2 1/1
AE3 7/7 3/3 2/2 1/1
AE2 0/6 0/2 1/2 0/1
LP34 7/7 3/3 2/2 1/1
AE5 3/6 1/2 2/2 1/1
AE8 0/6 0/2 0/2 0/1
RSKE60 0/6 0/2 0/2 0/1
6B10 0/6 1/2 0/2 0/1

Table 9 Number ofcases offibroadenoma where the
myoepithelial cells reacted, in different proportions, to
various anticytokeratin antibodies

Grade of reactivity

0 1 2 3 4 5

Antibody Number of cases per grade

RCK105 15 0 1 0 0 3
BA17 15 1 1 1 1 0
M20 13 0 2 0 1 0
RGE53 17 0 0 0 0 0
Cam52 12 2 0 0 0 5
Anticytokeratin 14 4 5 5 0 1 3
RCK102 10 2 0 3 0 4
AEI 13 0 1 0 0 5
AE3 11 0 1 2 1 3
AE2 19 0 0 0 0 0

LP34 9 2 2 0 0 6
AE5 4 2 1 2 2 8
AE8 15 0 0 1 1 0
RSKE60 18 1 0 0 0 0
6B10 19 0 0 0 0 0

0 = No reactive cells; 1 = < 25% reactive cells; 2 = 26-50%
reactive cells; 3 = 51-75% reactive cells; 4 = 76-99% reactive
cells; 5 = 100% reactive cells.

epithelium. Similarly, other authors have
described heterogeneous reactions with anti-
bodies to cytokeratins 8,18 18,18 19 and 19.20 A
number of carcinomas in the present study
were entirely negative for one or more of these
simple cytokeratins. Again, similar findings
have been reported in the literature (cytoker-
atin 7 negative tumours7 17182122; cytokeratin 8
negative tumours'8; cytokeratin 18 negative
tumours1618 23; and cytokeratin 19 negative
tumours'8 2024)

Table 10 Number of cases offibrocystic disease where the
myoepithelial cells reacted, in different proportions, to
various anticytokeratin antibodies

Grade of reactivity
O 1 2 3 4 5

Antibody Number of cases per grade
RCK105 17 0 1 0 0 0
BA17 15 1 1 0 0 1
M20 15 1 0 0 0 0
RGE53 19 0 0 0 0 0
Cam52 12 2 0 1 0 3
Anticytokeratin 14 1 1 2 1 2 8
RCK102 14 0 0 0 1 3
AEI 12 0 1 2 1 2
AE3 10 3 1 0 0 4
AE2 19 0 0 0 0 0
LP34 8 0 1 2 1 6
AE5 5 1 1 0 5 6
AE8 17 0 0 0 1 0
RSKE60 17 1 0 0 0 0
6B10 19 0 0 0 0 0

0 = No reactive cells; 1 = < 25% reactive cells; 2 = 26-50%
reactive cells; 3 = 51-75% reactive cells; 4 = 76-99% reactive
cells; 5 = 100% reactive cells.

Table 1 Number of cases ofductal carcinoma in situ
where the myoepithelial cells reacted, in different
proportions, to various anticytokeratin antibodies

Grade of reactivity

O 1 2 3 4 5

Antibody Number of cases per grade
RCK105 15 3 0 1 0 1
BA17 17 2 0 1 0 2
M20 22 0 0 0 0 0
RGE53 22 0 0 0 0 0
Cam52 18 0 0 0 1 2
Anticytokeratin 14 5 1 2 2 2 6
RCK102 14 0 0 0 3 1
AEI 11 0 2 0 2 7
AE3 15 0 0 0 1 4
AE2 22 0 0 0 0 0
LP34 6 0 1 1 2 12
AE5 10 0 1 0 3 4
AE8 15 0 0 0 3 0
RSKE60 19 0 0 0 0 0
6B10 22 0 0 0 0 0

0 = No reactive cells; 1 = < 25% reactive cells; 2 = 26-50%
reactive cells; 3 = 51-75% reactive cells; 4 = 76-99% reactive
cells; 5 = 100% reactive cells.

The complete absence of simple cytoker-
atins in breast ductal and lobular carcinomas
may be because these tumours may have
arisen in those luminal epithelial cells of the
terminal duct lobular units which did not
express these proteins.20 That this represents a
genuine absence of the cytokeratin, rather
than masking of an epitopic site or the effect
of fixation, is supported by studies in which
several antibodies were used, reacting with
more than one epitopic site on a given cyto-
keratin,722 and by the use of frozen sections,
in which immunoreactivity is optimally pre-
served, as in the current series.
As cases in which all of the epithelial cells

were negative for cytokeratins 7, 8, and 18
were limited to carcinomas, the use of these
antibodies may provide a convenient means
for distinguishing benign from malignant
breast disease in some borderline cases. The
cancer cells in two adenocarcinomas were
completely negative for cytokeratin 19 and a
statistically significant difference was found
when cytokeratin 19 expression was com-
pared in ductal carcinomas and benign breast
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I

Figure 6 The myoepithelial cells also reacted to an antibody to actin. This antibody also
reacts with the blood vessels in the adjacent stroma (frozen section x 240).

disease. However, as the luminal epithelium
in one case of fibroadenoma was entirely non-
reactive for this antibody, its value as a diag-
nostic discriminator is limited. Findings
similar to those described in cases of benign
breast disease were identified in the luminal
epithelium in the two phyllodes tumours.

Three cytokeratin 14 positive tumours were
observed in this series and in one case all of
the tumour cells were positive. Gustersen et
a125 and Wetzels et al'6 identified basement
membrane components in the tumour cells in a
proportion of such tumours, suggesting that
they arose from the myoepithelial layer of the
breast. However, cytokeratin 14 expression in
the absence of other markers of myoepithelial
differentiation has also been described in
breast tumours.26 Occasional luminal cells in
the terminal duct lobular unit, which react
with antibodies to cytokeratin 14, have been
described by Nagle et al 27 and these cells may
be the origin of some cytokeratin 14 positive
tumours. Cytokeratin 14 expression may
also represent a change in the cytokeratin
profile with the acquisition of malignant char-

Table 12 Summary of the reaction of antibodies to inter-mediatefilament proteins to
myoepithelial cells from benign and malignant conditions of the breast

The proportion of cells reacting to antibody

Ductal carcinoma
Fibroadenoma Fibrocystic disease in situ

Antibody Positive Negative Positive Negative Positive Negative

RCK105 4 15 1 17 5 15
BA17 4 15 3 15 5 17
M20 3 13 1 15 0 22
RGE53 0 17 0 19 0 22
Cam 5-2 7 12 6 12 3 18
Anticytokeratin 14 14 4 14* 1 13 5
RCK102 9 10 4 14 4 14
AEI 6 13 6 12 11 11
AE3 7 11 8 10 5 15
AE2 0 19 0 19 0 22
LP34 10 9 10 18 16 6
AE5 15 4 13 5 8 10
AE8 2 15 1 17 3 15
RSKE60 1 18 1 17 0 19
6B10 0 19 0 19 0 22

* p < 0-05 Mann-Whitney U test compared with fibroadenoma.

acteristics. The acquisition of cytokeratin 14
expression has been described in tumours of
the urinary bladder.8 The finding that both
simple cytokeratins and cytokeratin 14 were
co-expressed in three tumours in the present
study and that none of them reacted to a spe-
cific antibody to actin would lend support to
either of these latter hypotheses.

Reactions with the antibodies AE2 (cyto-
keratins 1, 2, 10, and 11), AE5 (cytokeratin
3), AE8 (cytokeratin 13), RSKE60 (cytoker-
atin 10), and 6B10 (cytokeratin 4) were iden-
tified in the luminal epithelium in occasional
cases of benign breast disease and of invasive
cancers. Of these, only cytokeratin 13 has
been previously reported within breast epithe-
hium.'6 Statistically significant differences in
cytokeratin expression with increasing tumour
grade did not occur with any of the antibodies
studied. Therefore, the value of the cyto-
keratin profile in assessing tumour grade and
prognosis in breast carcinoma appears to be
limited.
The detection in myoepithelium of cyto-

keratins 7, 18, 19, and 14 with specific anti-
bodies to these proteins reflects the results of
previous studies. 15-182326-30 The reaction with
myoepithelium of a number of antibodies
which detect more than one cytokeratin
reflects their ability to detect specific cytoker-
atins which are known to be expressed by
these cells (Cam 5-2, cytokeratins 18 and 19;
RCK102, cytokeratin 5; AE1, cytokeratin 14;
AE3, cytokeratin 5; LP34, cytokeratin 18). Of
these, cytokeratin 14 has been most exten-
sively studied. Cytokeratin 14 expression has
been localised to the myoepithelial cells in the
normal breast, in cases of benign breast dis-
ease16182326-30 and in surrounding foci of in
situ carcinoma.'62729 In this study and that of
Dairkee et a126 a reaction to cytokeratin 14 in
the myoepithelial cells was absent in some
cases of benign disease. As in this series,
Gottlieb et al30 found that a monoclonal anti-
body to cytokeratin 14 was a less sensitive
means of detecting myoepithelial cells than
the use of antiactin antibodies.

This is the first study in which cytokeratins
1, 2, 10, or 11 (AE2), cytokeratin 3 (AE5),
cytokeratin 10 (RSKE60), and cytokeratin
4 (6B 10) have been immunolocalised in
myoepithelial cells. In contrast to our find-
ings Nagle et al27 were unable to detect cyto-
keratin 13 in these cells using an alternative
antibody (2D7). Neither we nor Taylor-
Papadimitriou24 or Guelstein et al3 were able
to detect cytokeratin 8 in myoepithelial cells.

In conclusion, cytokeratins 7, 8, and 18
were invariably expressed in benign breast dis-
ease and when absent, were reliable indicators
of malignancy. Cytokeratin expression
showed no statistically significant association
with breast tumours of differing histological
grade, but was of some value in outlining the
myoepithelial layers surrounding foci of in situ
carcinoma, enabling these lesions to be differ-
entiated from invasive carcinomas.
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