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Abstract
We have examined basal and luminal cell cytokeratin expression in 1944 cases of invasive
breast carcinoma, using tissue microarray (TMA) technology, to determine the frequency
of expression of each cytokeratin subtype, their relationships and prognostic relevance, if
any. Expression was determined by immunocytochemistry staining using antibodies to the
luminal cytokeratins (CKs) 7/8, 18 and 19 and the basal markers CK 5/6 and CK 14.
Additionally, assessment of α-smooth muscle actin (SMA) and oestrogen receptor status
(ER) was performed. The vast majority of the cases showed positivity for CK 7/8, 18 and 19
indicating a differentiated glandular phenotype, a finding associated with good prognosis, ER
positivity and older patient age. In contrast, basal marker expression was significantly related
to poor prognosis, ER negativity and younger patient age. Multivariate analysis showed that
CK 5/6 was an independent indicator for relapse free interval. We were able to subgroup
the cases into four distinct phenotype categories (pure luminal, mixed luminal/basal, pure
basal and null), which had significant differences in relation to the biological features and
the clinical course of the disease. Tumours classified as expressing a basal phenotype (the
combined luminal plus basal and the pure basal) were in a poor prognostic subgroup,
typically ER negative in most cases. These findings provide further evidence that breast
cancer has distinct differentiation subclasses that have both biological and clinical relevance.
Copyright  2004 Pathological Society of Great Britain and Ireland. Published by John
Wiley & Sons, Ltd.
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Introduction

The cytoskeleton in all mammalian cells is com-
posed of three types of filament: actin microfilaments
(4–6 nm), intermediate filaments (10 nm) and the
microtubules (25 nm) [1]. Expression of the interme-
diate filament proteins, particularly cytokeratins (CK),
reflects the epithelial cell type, state of tissue growth
and differentiation in addition to the functional status
of the tissue [2]. In normal breast, both the luminal
epithelial and the myoepithelial cells exhibit different
and distinctive keratin phenotypes. CKs 7, 8, 18 and
19 are expressed in the luminal cells, while smooth
muscle actin (SMA) and CKs 5, 14 and 17 are found
in the myoepithelial/basal cells [1,3,4].

Within the normal mammary gland, a small number
of cells that are positive for CK 5/6 but are negative
for CK 8, 18, 19 and SMA have been identified. These
cells are located in the luminal compartment and show
the morphological features of stem cells that have
the capacity to differentiate towards either the glan-
dular (CK 8, 18 and 19 positive) or the basal (SMA

positive) phenotype. Intermediate populations retain-
ing CK 5/6 expression and showing positive reactiv-
ity with either CK 8, 18 and 19 or SMA have also
been identified, indicating the onset of the luminal or
the basal differentiation pathways respectively. There-
fore, five distinct cell populations have been iden-
tified: committed stem cell (CK5+), glandular pre-
cursor cell (CK5+, CK8/18/19+), glandular end cell
(CK8/18/19+), myoepithelial precursor cell (CK5+
SMA+) and myoepithelial end cell (SMA+) [5].

Recent studies using cDNA microarray technology
applied to a relatively small series of breast cancers
have identified four major groups of breast cancer.
Two of them have gene expression patterns character-
istic of the basal and the luminal phenotypes [6]. In a
subsequent study, the same groups were distinguished
and were found to have a statistically significant asso-
ciation with overall and relapse-free survival [7].

To investigate further the clinical significance of
these findings, we have used TMA technology in
a large retrospective immunohistochemical evalua-
tion of 1944 cases of invasive breast cancer using
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well-characterized, commercially available antibodies
for both the luminal [CK 8, 18 and 19] and the basal
[CK 5/6, CK 14 and SMA] phenotypes to determine
the frequency of these subgroups of breast cancer and
to assess their relationships with established patient
and tumour variables, and with clinical outcome.

Materials and methods

Patients
A consecutive series of 1944 cases of primary opera-
ble invasive breast carcinoma from patients presenting
between 1986 and 1998 and entered into the Not-
tingham Tenovus Primary Breast Carcinoma Series
were used. This is a well-characterized series of pri-
mary breast cancer with a mean age of 53 (range
18–70 years) treated in a uniform way and has been
used to study a wide range of potential prognostic
factors and markers in breast cancer including histo-
logical grade [8], histological tumour type [9], vascular
invasion [10], tumour size, lymph node stage and Not-
tingham Prognostic Index (NPI) [11–16]. Information
on local, regional and distant metastases and survival
is maintained on a prospective basis. Patients have
been followed up at 3-month intervals initially, then
6-monthly, then annually. At the time of resection all
tumours are managed in a standard fashion, incised
and fixed immediately. The frequencies of histological
types and the tumour grade distribution are presented
in Tables 1 and 2. This research was approved by Not-
tingham Research Ethics Committee 2 under the title
of ‘Development of a molecular genetic classification
of breast cancer’.

Construction of the tissue microarray blocks
Breast cancer tissue microarrays were prepared as
described previously [17–19]. Each case was sampled
twice from the centre and the periphery of the tumour
to form an array of 100 cases per block.

Immunohistochemistry
Immunohistochemical staining was performed using
the strepavidin–biotin complex method. The sec-
tions (except for SMA) were microwaved in citrate
buffer, pH 6 for a total 20 min. Luminal differenti-
ation was demonstrated using monoclonal antibodies
(MAbs) specific for CK 7/8 (clone CAM 5.2, Bec-
ton Dickinson, diluted 1 : 2), CK 18 (clone DC10,
Dako, diluted 1 : 50) and CK 19 (clone Bck 108,
Dako, diluted 1 : 100), while myoepithelial differenti-
ation was assessed with MAbs against CK 5/6 (clone
D5/16134, Boehringer Biochemica, diluted 1 : 100),
CK 14 (clone LL002, Novocastra, diluted 1 : 100) and
SMA (clone 1A4, Dako, diluted 1 : 20 then 1 : 100 to
use).

Controls
Adult breast tissue parenchyma was used as positive
control and entrapped normal breast tissues within the

Table 1. Frequencies and percentages of histological tumour
types

Tumour type No. %

Invasive NST 1094 56.5%
Tubular mixed 337 17.4%
Medullary 46 2.4%
Typical 5
Atypical 41
Lobular 220 11.4%
Classical 141
Alveolar 2
Solid 6
Tubulo-lobular 6
Mixed 65
Tubular 79 4.1%
Mucinous 26 1.3%
Invasive cribriform 10 0.5%
Invasive papillary 7 0.4%
Mixed NST & lobular 65 3.4%
Mixed NST & special type 41 2.1%
Miscellaneous other types 14 0.7%
Adenoid cystic 5
Metaplastic 3
Spindle cell tumour 1
Apocrine carcinoma 1
NST with clear cell features 1
NST with secretory features 1
NST with spindle cell element 1

NST, no special type.

Table 2. Frequencies and percentages of tumour grades

Grade No. %

1 367 18.9%
2 647 33.4%
3 925 47.7%

cores used as an internal positive control. Negative
controls were obtained by omitting the primary anti-
bodies.

Immunohistochemistry scoring
The modified Histo-score (H-score) [20] was used as
it includes a semi-quantitative assessment of both the
intensity of staining and the percentage of positive
cells. The range of possible scores is thus 0–300.
H-score and similar semi-quantitative scoring sys-
tems have been successfully used for TMA evalua-
tion [21–23]. By using such a score, we were able
to explore rationalization of our cases into biologi-
cally relevant groups depending on different levels of
expression, which could not be obtained on using sim-
pler scoring methods (eg positive vs negative).

Two cores were evaluated from each tumour. Each
core was scored individually, then the mean of the two
readings was calculated. If one core was uninformative
(either lost or contained no tumour tissue), the overall
score applied was that of the remaining core. Previous
studies have validated the use of one core to study
the expression of tumour markers that have a hetero-
geneous distribution (18,19). One observer scored all
cases, which were rechecked randomly by the same
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Table 3. Association of luminal marker expression with clinical and pathological parameters

CK7/8 CK18 CK 19

Feature − W+ M+ S+ p-value − W+ M+ S+ p-value − W+ M+ S+ p-value

Grade
1 1 6 44 280 4 23 78 198 10 19 121 181
2 3 10 126 472 15 66 170 298 21 71 256 262
3 26 158 262 447 <0.001 172 174 188 303 <0.001 100 215 363 214 <0.001
Total 30 174 432 1199 191 263 436 799 131 305 740 657

LN
1 21 122 258 763 126 170 261 505 86 201 452 423
2 9 26 129 359 43 76 129 242 32 73 229 189
3 1 26 44 75 <0.001 22 17 44 52 0.048 14 31 57 44 0.120
Total 31 174 431 1197 191 263 434 799 132 305 738 656

Size
≤1.5 cm 4 45 138 467 44 82 146 316 32 100 265 255
>1.5 cm 27 129 294 733 <0.001 147 181 290 484 <0.001 100 205 475 403 0.010
Total 31 174 432 1200 191 263 436 800 132 305 740 658

NPI
Good 3 11 102 490 12 58 147 335 21 60 225 299
Moderate 18 121 246 557 137 158 212 352 77 187 406 270
Poor 9 42 83 148 <0.001 42 47 75 110 <0.001 33 58 107 85 <0.001
Total 30 174 431 1195 191 263 434 797 131 305 738 654

ER
Negative 29 141 178 200 151 129 102 120 86 153 205 102
Positive 1 27 228 974 <0.001 36 125 326 670 <0.001 42 134 509 545 <0.001
Total 30 168 406 1174 187 254 428 790 128 287 714 647

VI
No 24 120 289 833 135 184 279 555 94 211 478 479
Yes 7 53 138 356 0.625 55 78 150 239 38 93 250 175 0.023
Total 31 173 427 1189 190 262 429 494 0.264 132 304 728 654

LR
No 28 155 392 1111 171 240 406 734 120 278 678 608
Yes 2 15 35 79 0.598 18 17 29 54 0.577 9 22 53 46 0.998
Total 30 170 427 1190 189 257 435 788 129 300 731 654

RR
No 27 154 392 1129 168 242 411 748 122 277 686 614
yes 3 16 35 61 0.032 21 15 24 40 0.017 7 23 45 40 0.761
Total 30 170 427 1190 189 257 435 788 129 300 731 654

DM
No 26 138 360 1081 157 227 385 711 110 254 651 587
Yes 4 32 67 107 <0.001 32 30 49 76 0.043 19 46 80 65 0.063
Total 30 170 427 1188 189 257 434 787 129 300 731 652

Death
No 25 139 364 1106 155 227 394 730 110 258 660 603
Yes 5 31 63 84 <0.001 34 30 41 58 <0.001 19 42 71 51 0.007
Total 30 170 427 1190 189 257 435 788 129 300 731 654

Age
≤35 2 16 22 30 21 14 11 22 7 19 34 10
36–45 6 46 82 189 50 52 78 122 23 65 141 99
46–55 11 59 129 390 64 76 142 260 52 86 228 222
>55 12 53 200 593 <0.001 56 121 206 398 <0.001 50 135 338 329 <0.001
Total 31 174 433 1202 191 263 437 802 132 305 741 660

LN, lymph node status (1 = negative, 2 = positive < 4, 3 = positive ≥ 4); VI, vascular invasion; LR, local recurrence; RR, regional recurrence;
DM, distant metastases; positive expression (W, weak; M, moderate; S, strong).

investigator after a period of time. A good correlation
was found between the two estimations.

The cut-off points for expression were assigned
by using a frequency distribution histogram of all
H-scores for each antibody; the cut-off was selected
corresponding to the troughs between different appa-
rent populations. Positivity was defined as detection of
any invasive malignant cells positive for both CK 5/6

and CK 14 and a cut-off point of 10 was used for SMA
staining. For CK 7/8, the cut-offs were 50, 120, 240.
For both CK 18 and CK 19, cut-offs at H scores of 20,
100 and 200 were utilized. For ER immunoreactivity,
the cut-off was 20 to divide cases into negative and
positive groups. For the luminal markers CK 7, 8, 18
and 19, cut-offs were selected to identify negative,
weak, moderate and strong positive expression.

J Pathol 2004; 203: 661–671
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Table 4. Association of basal marker expression with clinical and pathological parameters

CK5/6 CK14 SMA

Feature − + p-value − + p-value − + p-value

Grade
1 289 42 287 38 296 30
2 560 51 556 45 550 45
3 663 230 <0.001 717 170 <0.001 724 160 <0.001
Total 1512 323 1560 253 1570 235

LN
1 950 216 959 186 993 158
2 445 77 474 48 448 62
3 117 29 0.127 125 19 0.001 128 15 0.438
Total 1512 322 1558 253 1569 235

Size
≤1.5 cm 571 79 575 70 559 78
>1.5 cm 942 245 <0.001 986 184 0.004 1013 157 0.478
Total 1513 324 1561 254 1572 235

NPI
Good 545 64 533 60
Moderate 743 197 776 159
Poor 222 60 <0.001 247 33 <0.001
Total 1510 321 1556 252

ER
Negative 327 217 396 144 417 121
Positive 1132 92 <0.001 1110 99 <0.001 1100 112 <0.001
Total 1459 309 1506 243 1517 233

VI
No. 1031 230 1047 196 1081 161
Yes 468 91 0.311 500 54 0.001 474 74 0.755
Total 1499 321 1547 250 1555 235

LR
No 1393 289 1438 226 1439 217
Yes 102 32 0.050 104 27 0.026 113 17 1.000
Total 1495 321 1542 253 1552 234

RR
No 1417 284 1455 228 1451 221
Yes 78 37 <0.001 87 25 0.010 101 13 0.579
Total 1495 321 1542 253 1552 234

DM
No 1343 262 1375 211 1381 197
Yes 150 59 <0.001 165 42 0.007 170 37 0.031
Total 1493 321 1540 253 1551 234

Death
No 1387 266 1402 213 1405 201
Yes 128 55 <0.001 140 40 0.001 147 33 0.028
Total 1495 321 1542 253 1552 234

Age
≤35 53 18 60 10 52 17
36–45 249 77 274 49 269 51
46–55 482 102 487 93 502 68
>55 732 127 0.001 743 102 0.173 751 100 0.006
Total 1516 324 1564 254 1574 236

LN, lymph node status (1 = negative, 2 = positive < 4, 3 = positive ≥ 4); VI, vascular invasion; LR, local recurrence; RR, regional recurrence;
DM, distant metastases.

Statistical analysis
Association between the immunoreactivity with the
various antibodies used and different clinicopatholog-
ical parameters was evaluated by chi-squared test.
A p-value of <0.05 was considered to reflect a
significant correlation. Survival curves were calcu-
lated by the Kaplan–Meier method. The differences
between survivals were estimated using the log rank
test. Multivariate Cox regression analysis was used

to evaluate any independent prognostic effect of the
variables on relapse-free interval (RFI) and the overall
survival (OS).

Results

Clinical outcomes
Complete clinical follow-up information was available
for 1917 patients. The median follow-up period was
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58 months (range 1–192 months). During this period,
a total of 188 (9.8%) patients died from breast cancer.
At the time of the primary diagnosis, 1231 (63.6%)
of the patients had lymph node negative disease
and 705 (36.4%) had positive lymph nodes (549
cases with one to three positive nodes, 156 cases
with four or more positive). ER status was estimated
immunohistochemically in 1805 of the tumours; 553
(30.6%) were negative for ER expression, while 1252
(69.4%) carcinomas were ER positive.

Luminal and basal marker expression and
distribution
After excluding the uninformative cores from the
study, 1841, 1693, 1838, 1840, 1818 and 1810 tumours
were available for CK 7/8, 18 and 19, CK5/6, 14 and
SMA analyses respectively.

A very high proportion of cases demonstrated pos-
itivity for the luminal cytokeratins 7/8, 18 and 19
(98.3%, 88.7% and 92.8% respectively). In contrast, a
lower proportion showed expression of the basal mark-
ers (17.6% for CK5/6, 14% for CK 14 and 13% for
SMA). There was a highly significant inverse correla-
tion between the luminal (CK 7/8, CK18 and CK19)
and the basal (CK 5/6, CK14 and SMA) immunopro-
files (p < 0.001).

Marker expression in relation to prognostic data
Tables 3 and 4 show the associations between luminal
and basal markers and key prognostic and outcome
variables. In essence, an inverse correlation was found
between all luminal phenotype markers (assessed on
a four-point scale as negative, weak, moderate and
strong expression) and histological grade, tumour size,
NPI, regional recurrence (CK 19 excluded), distant
metastasis (CK 19 excluded) and death from breast
cancer. Conversely, positive correlations with ER
expression and patient age were noted.

In contrast, all the basal markers showed significant
positive correlations with histological grade, tumour
size (except SMA), NPI, local and regional recurrence
(except SMA), distant metastasis and patient death.
Significant inverse correlations were identified with
ER status and patient age (except for CK 14).

Kaplan–Meier survival analyses demonstrated that
the absence of a detectable basal phenotype, as identi-
fied by CK 5/6, CK 14 or SMA immunoreactivity, was
significantly associated with a more favourable over-
all survival compared with the presence of a basal
phenotype (log rank p-value = 0.0001 for CK 5/6
(Figure 3B), p = 0.0220 for CK 14 and p = 0.0198
for SMA). In addition, survival analyses showed that
tumours with moderate or high levels of luminal
marker expression had a significantly longer over-
all survival compared with those showing low or no
expression (log rank p-value < 0.0001, p = 0.0002
and p = 0.0030 for CK 7/8 (Figure 3A), CK 18 and
CK 19 respectively).

Relapse-free interval was significantly longer in
cases that showed moderate or high expression of

Table 5. Cox multivariate analyses for CK 5/6 and other
variables related to disease free survival

Prognostic variable Hazard ratio p-value

Grade <0.001
2 versus 1 1.126 (0.773–1.640) 0.535
3 versus 1 1.850 (1.305–2.623) 0.001

LN stage <0.001
2 versus 1 1.047 (0.812–1.350) 0.772
3 versus 1 3.159 (2.357–4.235) <0.001

Size 1.604 (1.228–2.095) 0.001

CK 5/6 1.447 (1.130–1.851) 0.003

CK 7/8 (log rank p < 0.0001) (Figure 3C) or CK 18
(log rank p = 0.0009). Tumours devoid of expression
of the basal markers CK 5/6 and CK 14 had a
significantly longer relapse-free interval compared
with their positive counterparts (log rank p < 0.0001
for CK 5/6 (Figure 3D) and p = 0.0009 for CK14).

Mutivariate Cox regression analyses estimated that
the prognostic effect of CK5/6 in relation to DFS was
independent of grade, lymph node stage and tumour
size (p = 0.003) (Table 5).

Marker expression in relation to histological
tumour type

The expression of the luminal and basal markers in
relation to histological tumour type is summarized in
Tables 6 and 7. Interestingly, 3/5 and 20/40 cases of
typical and atypical medullary carcinoma, all cases
of adenoid cystic carcinoma, 8/8 cases of grade 3
carcinoma NST with extensive central necrosis and
5/5 cases of grade 3 carcinoma NST with squamous
differentiation were positive for at least one of the
basal markers. In contrast, expression of the luminal
markers was predominantly observed in special type
cancers: lobular, tubular mixed, tubular and invasive
cribriform.

Different cellular immunoprofiles and their
relation to clinicopathological parameters

By combining the results of the luminal markers
together with those of basal marker expression, we
subdivided the cases into four different cellular phe-
notypes as follows:

1. Luminal phenotype: 1323 (71.4% of cases)
(tumours which expressed one or more of the lumi-
nal markers only).

2. Combined luminal and basal phenotype: 508
(27.4% of cases) (tumours which were positive for
one or more of the luminal markers together with
one or more of the basal markers).

3. Basal phenotype: 15 (0.8% of cases) (tumours
which only expressed one or more of the basal
markers).

4. Null phenotype: 6 (0.4% of cases) (tumours that
were negative for both luminal and basal markers).

J Pathol 2004; 203: 661–671
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Table 6. Association between luminal marker expression and histological tumour type

CK7/8 CK18 CK19

Tumour type − W+ M+ S+ Total − W+ M+ S+ Total − W+ M+ S+ Total

Invasive NST 22 143 265 615 1045 155 181 224 401 961 94 226 413 310 1042
Tubular mixed 0 0 48 270 318 2 21 72 197 292 6 15 134 164 319
Medullary
Typical 0 2 3 0 5 1 4 0 0 5 2 1 2 0 5
Atypical 4 17 14 5 40 16 11 4 6 37 10 17 8 5 40
Lobular
Classical 0 2 33 94 129 0 18 49 56 123 3 8 64 53 128
Alveolar 0 0 2 0 2 0 1 1 0 2 0 0 2 0 2
Solid 0 1 2 3 6 1 1 2 1 5 2 1 2 1 6
Tubulolobular 0 1 2 3 6 1 1 1 3 6 1 0 3 2 6
Mixed 0 0 23 39 62 2 5 25 26 58 0 13 26 22 61
Tubular 0 0 6 62 68 0 2 14 42 58 0 4 20 45 69
Mucinous 0 1 6 15 22 0 3 8 9 20 0 5 10 8 23
Cribriform 0 0 0 10 10 1 0 5 4 10 0 0 4 6 10
Papillary 0 0 2 4 6 1 1 1 3 6 0 0 3 3 6
NST + lobular 0 2 16 47 65 2 7 21 32 62 2 8 35 19 64
NST + special
type

1 0 8 30 39 2 4 6 20 32 2 6 12 19 39

Miscellaneous
Adenoid cystic 1 3 0 1 5 3 2 0 0 5 4 1 0 0 5
Metaplastic 2 0 0 1 3 2 0 1 0 3 2 0 0 1 3
Spindle cell 1 0 0 0 1 0 0 0 0 0 1 0 0 0 1
Apocrine car 0 0 1 0 1 0 0 1 0 1 0 0 0 1 1
NST + clear cell 0 0 1 0 1 0 1 0 0 1 1 0 0 0 1
NST + secretory 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0
NST + spindle
cell elements

0 1 0 0 1 1 0 0 0 1 1 0 0 0 1

Table 7. Association between the basal markers expression and histological tumour types

CK5/6 CK14 SMA

Tumour type − + Total − + Total − + Total

Invasive NST 829 218 1047 872 169 1041 866 166 1032
Tubular mixed 284 34 318 282 28 310 281 31 312
Medullary
Typical 3 2 5 5 0 5 3 2 5
Atypical 20 20 40 28 12 40 31 8 39
Lobular
Classical 123 7 130 113 9 122 121 2 123
Alveolar 2 0 2 2 0 2 2 0 2
Solid 5 1 6 5 1 6 6 0 6
Tubulolobular 4 1 5 6 0 6 6 0 6
Mixed 57 3 60 59 2 61 65 3 68
Tubular 65 4 69 59 5 64 18 5 23
Mucinous 16 6 22 19 6 25 18 5 23
Cribriform 10 0 10 10 0 10 10 0 10
Papillary 4 2 6 4 2 6 4 2 6
NST + lobular 54 10 64 57 8 65 59 4 63
NST + special type 31 8 39 33 5 38 31 6 37
Miscellaneous
Adenoid cystic 0 5 5 0 5 5 0 5 5
Metaplastic 2 1 3 3 0 3 3 0 3
Spindle cell tumour∗ 0 1 1 0 1 1 0 1 1
Apocrine carcinoma 1 0 1 1 0 1 1 0 1
NST + clear cell features 1 0 1 1 0 1 1 0 1
NST + secretory features 1 0 1 1 0 1 1 0 1
NST + spindle cell elements 0 1 1 0 1 1 0 1 1

∗ Spindle cell tumour associated with metaplastic features.
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(A)

(B)

(C)

Figure 1. A histological grade 2 invasive carcinoma of
ductal/NST showing expression of the luminal marker CK
18 (A), and ER (C), but no reactivity for the basal marker CK
5/6 (B)

When these immunoprofiles were compared in
relation to different clinicopathological variables, sig-
nificant associations were identified between the
different phenotype groups and histological grade,
tumour size, ER status (Figures 1 and 2), NPI, distant
metastases and death from breast cancer (Table 8).

Kaplan–Meier analyses of these four groups
revealed significant differences regarding the OS and
the RFI (log rank p = 0.0023 and p = 0.0003 respec-
tively). Highly significant differences were noted

(A)

(B)

(C)

Figure 2. A histological grade 3 invasive carcinoma of
ductal/NST showing combined expression of CK18 (A) and
CK 5/6 (B) but no expression of ER (C)

between the luminal group and the combined luminal
and basal group for overall survival and relapse-free
survival (log rank p = 0.0002 and p < 0.0001 respec-
tively) (Figure 3E and F). No significant differences
were identified amongst other groups.

Discussion

These results demonstrate that a high proportion of
invasive breast carcinomas express only the luminal
epithelial cell cytokeratins and have a pure luminal

J Pathol 2004; 203: 661–671
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Table 8. Cellular profiles in relation to pathological and clinical variables

Feature Luminal Luminal and basal Basal Null p-value

Grade
1 265 (20.1%) 72 (14.2%) 1 (7.1%) 0
2 522 (39.6%) 94 (18.5%) 1 (7.1%) 0
3 532 (40.3%) 342 (67.3%) 12 (85.7%) 6 (100%) <0.001
Total 1319 508 14 6

Size
≤1.5 cm 515 (39%) 144 (28.4%) 2 (13.3%) 0
>1.5 cm 806 (61%) 363 (71.6%) 13 (86.7%) 6 (100%) <0.001
Total 1321 507 15 6

NPI
Good 503 (38.2%) 111 (22%) 2 (14.3%) 0
Moderate 620 (47.1%) 311 (61.6%) 8 (57.1%) 5 (83.3%)
Poor 194 (14.7%) 83 (16.4%) 4 (28.6%) 1 (16.7%) <0.001
Total 1317 505 14 6

ER
Negative 253 (19.9%) 274 (55.5%) 15 (100%) 5 (100%)
positive 1021 (80.1%) 220 (44.5%) 0 0 <0.001
Total 1274 494 15 5

Distant metastases
No 1175 (90.3%) 422 (83.6%) 13 (92.9%) 5 (83.3%)
Yes 126 (9.7%) 83 (16.4%) 1 (7.1%) 1 (16.7%) 0.001
Total 1301 505 14 6

Death
No 1197 (91.9%) 430 (85.1%) 12 (85.7%) 5 (83.3%)
Yes 106 (8.1%) 75 (14.9%) 2 (14.3%) 1 (16.7%) <0.001
Total 1303 505 14 6

cell phenotype, with combination of luminal and
basal markers expression (ie a mixed luminal and
basal phenotype) forming the second main group.
Exclusive expression of the basal epithelial markers
(ie a pure basal phenotype) was restricted to a very
small subset, and a very rare group of cases showing
no expression of either luminal or basal markers (a null
phenotype) was also identified. Previous studies have
also recorded that the luminal CKs 7, 8, 18 and 19
are predominantly expressed in breast cancer [24,25].
Expression of the basal markers CK 5/6, CK14 and
SMA has been reported in invasive breast carcinoma,
ranging from 4% to 16% of cases [4,26–32]. Our
study is the largest series to date, and is composed
of a consecutive series from a single centre with long-
term follow-up and thus provides robust data on the
proportions of these phenotypes of breast cancer in an
unselected population.

On studying the association between the expression
of these markers with different clinical and patholog-
ical parameters, we found that expression of luminal
markers was associated with good prognostic tumour
characteristics and outcome, in contrast to the expres-
sion of basal markers, which was associated with poor
prognostic features and behaviour. These findings are
in accordance with previous studies where an inverse
association between CK 8, 18 expression and tumour
grade, recurrence rate and ER negative status has been
reported [33–35]. They also support previous research
which has shown that highly metastatic cell lines are
associated with loss of CK 18 expression [34].

Expression of the luminal markers was significantly
related to overall survival in this series; in particu-
lar, patients with high or moderate expression showed
better overall survival compared with those with low
or no expression of these luminal markers. The con-
verse was observed in tumours that labelled with the
basal markers, where positive cases were associated
with poor outcome particularly with CK 5/6 expres-
sion, which proved to be an independent prognos-
tic predictor for RFI. Previous studies have reported
that CK 8 is associated with better overall survival
(although this did not reach statistical significance) and
is an independent prognostic indicator of relapse-free
survival [33]; and that CK 18 expression is an inde-
pendent prognostic factor in predicting overall survival
[34]. In contrast, a significant association has been
reported between poor overall survival and expres-
sion of the basal markers, CK 5/6 and 17, and these
markers also had an independent prognostic impact in
patients without nodal metastasis [32]. In this study
we also observed an association between expression
of the luminal markers and patient age. Positivity for
both CK 5/6 and SMA was reciprocally related to age,
supporting the finding that breast cancer in younger
women is more aggressive, with lower hormone recep-
tor levels, higher proliferation and a worse prognosis
compared with those in women of older age [36–38].

On studying the expression of basal markers in
different morphological tumour types, we found that
tumours of special type were either absolutely negative
or expressed these markers in a small proportion of
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Figure 3. (A) CK 7/8 expression in relation to overall survival. (B) CK 5/6 expression in relation to overall survival. (C) CK 7/8
expression in relation to relapse-free survival. (D) CK 5/6 expression in relation to relapse free survival. (E) Luminal/combined
luminal and basal phenotypes in relation to overall survival. (F) Luminal/combined luminal and basal phenotypes in relation to
relapse free survival

cases. The exception was medullary [typical and atyp-
ical] carcinomas, a great proportion of which were pos-
itive for one or more of the basal markers, despite their
good prognosis. The same finding has been reported
in a previous study [39]. We also noticed that all ade-
noid cystic carcinomas were positive for at least one
of the basal markers, confirming their differentiation
towards the myoepithelial pathway [40]. We found
that invasive grade 3 carcinomas of no special type
associated with extensive central necrosis had a basal

phenotype and were ER negative. These findings are in
keeping with two previous reports that reported a high
prevalence of the basal phenotype in ductal carcinoma
with extensive necrosis and their aggressive behaviour
[41,42]. We also noted the expression of the basal
phenotype in one case of metaplastic carcinoma and
one case of spindle cell tumour, as previously reported
[43,44]. Overall, tumours expressing the basal phe-
notype (either combined luminal and basal, or basal
markers only) were more often grade 3 tumours and
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ER negative with poor outcome. These findings have
been reported previously where the bimodal phenotype
(combined basal and luminal) was identified in 62% of
poorly differentiated breast cancers. These cases were
more often steroid receptor negative, tended to have
more frequent metastases, shorter RFI and poorer OS
[25]. A previous genetic study on grade 3 carcinoma
of no special type with basal phenotype identified spe-
cific genetic alterations and the aggressive nature of
that subset [45].

Recent cDNA gene expression analysis and TMA
immunohistochemical studies have proposed two dis-
tinguishable groups with luminal and basal phenotypes
that have different cytogenetic alterations and protein
expression patterns [6,46]. Despite the complexity of
expression of the markers used in the present study,
we were able to identify four profiles: luminal, com-
bined luminal and basal, basal and null/no expression.
This supports the finding of studies that have, sim-
ilarly, reported cases of breast cancer with a pure
luminal phenotype, a basal phenotype or a combined
luminal and basal phenotype [4,25,30]. Two previous
studies have reported cases of breast cancer which
were negative for both the luminal and basal markers
[27,30]. Both studies used frozen section material in
which immunoreactivity was optimally preserved. One
could argue that cases having no demonstrable pheno-
type may be a consequence of loss of reaction due
to differences in tissue handling. However, all cases
in our study were handled in a similar way and opti-
mally fixed in formalin. We identified six cases that
were devoid of expression of both the luminal and
basal markers. All were grade 3 and were ER neg-
ative. It is possible that this phenotype could reflect
non-epithelial derivation or de-differentiation of an
epithelial-derived tumour to a more primitive subclass.

Our findings indicate that there are several cellular
profiles in breast cancer; each one may reflect alterna-
tive pathways of epithelial differentiation during car-
cinogenesis. These data provide supportive evidence
for subgrouping breast cancer into different pheno-
types: a stem cell phenotype (CK 5/6+), an inter-
mediate glandular phenotype (CK 5/6+, CK 8/18+)
and a differentiated glandular phenotype (CK 8/18+)
[46]. Although we identified broadly similar patterns,
we observed more complex phenotypes in some cases
owing to different combinations of the luminal and the
basal markers expressed.

In summary, we have identified, in this large series
of invasive breast cancers, distinct subclasses based on
luminal and basal epithelial marker expression. These
subclasses have significant differences in tumour char-
acteristics and in clinical outcome. Our findings pro-
vide further evidence that breast cancer has distinct
differentiation subclasses which have both biological
and clinical relevance and which may reflect differ-
ent mechanisms of histogenesis or development along
different lineage pathways.
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