
Abstract. Background: The use of microarray technology has
resulted in a new classification of breast cancer according to
gene expression profiles. None of the reports published so far
using this new classification has stratified the studied tumors by
histology or size. Materials and Methods: This study was
restricted to the ductal infiltrating variety only, and to pT1 size
using the immunohistochemical markers estrogen receptor
(ER), progesterone receptor (PR), HER2 and cytokeratin 5/6.
ER+ and/or PR+, HER2- tumors were termed "luminal A";
ER+ and/or PR+, HER2+ "luminal B"; triple-negative, CK
5/6+ and/or HER1+ "basal-like"; with an additional category
for ER-, PR-, HER2+ tumors termed HER2, and a final group
of unclassified ones, negative for all five markers. Results: Out
of 346 tumors, 251 (72.5%) were luminal A, 45 (13%) were
"triple-negative" ("basal"-like), 20 (5.8%) were luminal B, and
30 (8.7%) were HER2. Luminal A, "triple-negative" ("basal"-
like), and HER2-expressing tumors (luminal B + HER2)
showed significantly different associations with histological and
nuclear grade, mutant p53 expression and Ki67 labelling index.
Conclusion: Studies of the other, less frequent histological
varieties of breast cancer, stratifying by tumor size, are
mandatory to disclose which precise gene-expression pattern
defines similar subgroups.

The pioneering work of Perou et al. (1) and van’t Veer et al.
(2) using microarray technology has resulted in an attempt to

reclassify breast tumors according to specific patterns of gene

expression. The most widely accepted such classification

identifies five different types of breast cancer, named "luminal

A" (with high expression of the estrogen alfa receptor (ER·)

and related genes), "luminal B" (still expressing the estrogen

alfa receptor, but at lower levels), "basal" (expressing genes

characteristic of myoepithelial cells, most notably cytokeratins

(CK) 5/6 and 17), "HER2-expressing", and finally "normal-

breast-like" tumors (although it is debated whether this last

type is real, or the result of poor tissue sampling or defective

processing (3)). A simplified version of this classification,

using routinely-employed immunohistochemical markers as

surrogates for the more complicated genomic studies has been

proposed by the same group having published the first

microarray study (4). Following this version, ER+ and/or

progesterone receptor (PR)+, HER2- tumors are termed

"luminal A"; ER+ and/or PR+, HER2+ "luminal B"; triple-

negative, CK 5/6+ and/or HER1+ "basal-like"; with an

additional category for ER-, PR-, HER2+ tumors termed

HER2, and a final group of unclassified ones, negative for all

five markers. These different molecular subclasses of breast

cancer, according to either classification, carry a different

prognosis, and this difference is especially marked when the

"luminal A" subtype, with the best inherent prognosis, is

compared to the "basal" and HER2-expressing subtypes,

presenting the worst prognosis. The relative distribution

within a given population of the molecular subclasses, finally,

may account, at least in part, for the diffences in prognosis of

breast cancer observed between women belonging to distinct

racial groups, such as African-American and Japanese (4).

Surprisingly, the above-cited initial reports by Perou et al.
(1) and van’t Veer et al. (2) did not take into account

differences in histology between the tumors studied by them,

when it is quite obvious that histological subtypes of breast

cancer have markedly different gene expression patterns "ab
initio". So, lobular infiltrating carcinomas extremely rarely

express the HER2 oncogene and mutant p53, but in spite of

this, their prognosis is very similar to ductal infiltrating

carcinomas. Conversely, medullary carcinomas very frequently

express the HER2 oncogene, but their prognosis, stage for

stage, is much better than the aforementioned types. Thus, the

relative proportion of these histological subtypes, or of the

more rare ones, may have influenced at least to some extent

the results of these studies, and of all subsequent ones not

substratifying by histology. Moreover, although it is now
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generally accepted that the origin of cancer is monoclonal, it

is also recognised that, as tumor growth advances, subclones

with distinct characteristics may emerge, defining the final

behavior of the tumor. Therefore, tumor size may also

influence to some extent the final gene expression pattern of

any given tumor, and this may differ from that of the initial

tumorigenic clone.

With this in mind, the present study was restricted to the

most frequent histological type of breast cancer, namely ductal

infiltrating carcinoma, and within it to unifocal pT1 tumors,

with a diameter of 2 cm or less of the surgical specimen, which

are the ones most likely to reflect the characteristics of the

original clone giving rise to the tumor. 

Materials and Methods

Between January 1993 and December 2006, 346 unifocal ductal

infiltrating carcinomas with a diameter of 2 cm of less on the

surgical specimen (pT1) were operated upon at Centro de Patología
de la Mama, Madrid, Spain. They were all initially diagnosed by the

same pathologist, and the immunohistochemistry was also carried

out by the same two technicians and interpreted by the same

pathologist. By means of immunohistochemistry, hormone-receptor

(ER & PR), HER2, mutant p53 and Ki67 expression was studied in

all tumors. The immunohistochemical technique has been described

extensively elsewhere (5, 6) and was the same throughout the series.

It should be emphasized that the monoclonal antibody employed

for ER detection (NCL-ER-6F11) selectively recognizes the alpha

isoform of the receptor, a fact which is important considering that,

according to the genetic studies cited in the Introduction, expression

of ER alpha is the hallmark of "luminal"-type breast carcinomas.

Additionally, CK 5/6 expression was studied in all "triple-negative"

(ER-, PR-, HER2-) tumors, as well as in the same number of

randomly chosen "non-basal" controls, using the DakoCytomation

D5/16 B4 monoclonal antibody (DakoCytomation, Glostrup,

Denmark) at 1:50 dilution, after heat-induced epitope retrieval, as

specified by the manufacturers. The specimens were considered

positive for CK 5/6, when more than 10% of the tumor cells showed

specific staining (Figure 1). Myoepithelial reactive cells of normal

breast tissue within the sections served as positive internal control

(Figure 2).

Other variables considered in the final statistical analysis were the

histological and nuclear grade of the tumors, tumor size and the

presence or absence of axillary nodal metastasis.

The statistical analysis between qualitative variables was carried

out by means of contingency tables and the Chi-square test, as well as

by means of Spearman’s rank correlation test, in order to obtain an

"r" value indicative of the strength of the correlation between the

different tested variables. The GraphPad Prism biomedical statistical

package (GraphPad Software, Inc., San Diego, CA, USA) was used.

Values were considered significant when p was <0.05.

Results

Tumor size distribution was 6 T1a, 88 T1b, 252 T1c and

axillary nodal metastasis was present in 99 out of 346 cases

(28.6%).

According to the simplified classification of Carey et al.
(4), out of 346 tumors, 251 (72.5%) corresponded to the

luminal A type, 45 (13%) were "triple-negative" ("basal"-

like), 20 (5.8%) expressed both the ER and the HER2

oncogene (luminal B), and finally 30 (8.7%) expressed the

HER2 oncogene, but neither the ER, nor the PR (HER2

tumors). All tumors expressing the PR also expressed the

ER. During the statistical workup it became evident that

both HER2-expressing groups (luminal B and HER2)

showed identical correlations with all tested biological and

clinical parameters, and were thus included into a single

group of HER2-expressing tumors, regardless of their

hormone-receptor status.

When comparing luminal A tumors to the rest, they showed

significantly fewer high histological and nuclear grade

(r=–0.15, p=0.004 and r=–0.40, p<0.001, respectively),

mutant p53 expression (r=–0.45, p<0.001) and a Ki67

labelling index above 20% (r=–0.42, p<0.001). Conversely,

when triple-negative, "basal"-like tumors were compared to

the rest, an almost specular image was obtained, since a highly

significant number of them showed a high nuclear grade

(r=0.29, p<0.0001), mutant p53 expression (r=0.20,

p=0.0001) and a Ki67 labelling index above 20% (r=0.30,

p<0.0001). Very similar results were obtained when

comparing the unified group of HER2-expressing tumors to

the rest whereas there were no differences between "basal"

and the unified group of HER2-expressing tumors (Table I). 

Interestingly, the highest proportion of mutant p53

expression was registered among "pure" HER2 tumors,

without concomitant hormone receptor expression (18/30,

60%), followed by "basal" and luminal B tumors (both 35%)

and the luminal A ones (6%).

None of the studied subgroups showed any correlation

whatsoever with axillary nodal invasion. After immunohisto-

chemical labelling with the anti-CK 5/6 antibody, 15 out of the

45 "basal" tumors (33.3%) showed some degree of specific
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Table I. Comparison of the different molecular subtypes of pT1 ductal
invasive breast carcinomas according to their correlation with clinical and
biological features.

Luminal A HER2- "basal" 

expressing (triple-

negative)

r p-value r p-value r p-value

size ≤ >10 mm –0.04 0.45 0.03 0.49 0.1 0.06

nodal invasion 0.01 0.82 0.005 0.42 0.03 0.50

histological grade 3 –0.15 0.004* 0.15 0.004* 0.045 0.10

nuclear grade 3 –0.40 <0.001* 0.24 <0.001* 0.29 <0.001*

Ki67 >20% –0.45 <0.001* 0.33 <0.001* 0.30 <0.001*

p53 –0.45 <0.001* 0.48 <0.001* 0.20 <0.001*

*=significant values.



staining versus 9 out of 44 (20.5%) in the control group of

randomly chosen tumors, of which 40 belonged to the luminal

A subgroup and the remaining 4 to the HER2 group. This

difference was not statistically significant. However, if only

those tumors with more than 10% reactive tumor cells (a

usual cut-off in immunohistochemistry) was considered, 12/45
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Figure 1. Immunohistochemical detection of Cytokeratin 5/6 in breast cancer. Intense reaction in most tumor cells, as opposed to surrounding stroma.
Immunoperoxidase x250.

Figure 2. Immunohistochemical detection of Cytokeratin 5/6 in myoepithelial cells of normal breast ducts. Immunoperoxidase x400.



(27%) positive tumors in the "basal" group, versus only 3 (7%)

in the control group were found, and the difference became

statistically significant (p=0.02). In any case, the proportion

of CK5/6-expressing tumors in the basal group was much

lower than expected.

Discussion

This is the first study of molecular subgroups of breast cancer

belonging to a single histological type and a single T status.

Unfortunately, useful survival curves for the different

subgroups could not be calculated due to the small size of the

tumors and hence their inherent better initial prognosis, which

would make an extremely long follow-up necessary to disclose

statistically significant differences in survival and the fact that

many patients chose to be followed-up at their local hospital

after being operated upon at our center, so that they were lost

to the study. However, the correlation with the tested

biological and clinical parameters reflected the relative

aggressiveness of the tumors belonging to the different

subgroups. In this sense, our data were similar to those

reported by Carey et al. (4) for their cohort of non-African

American women in that 72.5% of the tumors belonged to the

luminal A variety, which are the ones with the best inherent

prognosis, most likely to respond to hormonal therapy and less

likely to respond to chemotherapy. Conversely, 13% were

triple-negative ("basal-like"), with the worst inherent

prognosis, and paradoxically most likely to respond to

chemotherapy (7). Carey et al. (4) found the "basal" type to be

significantly associated with p53 mutation status, mitotic

index, nuclear pleomorphism and higher histological grade,

exactly as the present study. However, our associations were

much more clear-cut, probably due to restriction to the ductal

infiltrating type. In fact, every subgroup in our series stood out

significantly in the statistical analysis if compared to the rest of

tumors, and not only by comparing extremes, such as luminal

A vs. "basal-like" tumors as in the Carey et al. study (4). An

additional interesting finding was that mutant p53 expression

was significantly higher in the "basal like" group than in the

luminal A group (35% vs. 6%), but was even higher in the

pure HER2 group (60%). This may have clinical implications,

since HER2+/hormone-receptor-negative tumors are by

definition only amenable to chemotherapeutic treatment

(besides surgery), and p53 is a major factor in the molecular

mechanisms of resistance to chemotherapy, a problem

recently addressed by Sorlie et al. (8) when studying

chemotherapy response rates in relationship to gene

expression profiles.

From a practical point of view, our approach defines three

distinct subgroups, which are candidates for different clinical

management: the luminal A subtype, with an excellent

prognosis and responsive to the best existing medical

treatment of breast cancer, which is hormonal therapy; the

HER2-expressing subtype, which could eventually benefit

from the addition of Trastuzumab to the treatment regimen

and finally the triple-negative, "basal-like" subtype, where

chemotherapy is the only option. One striking feature was

that none of these subgroups correlated with the most

important prognostic factor to date, axillary nodal invasion,

a feature that already stood out in the seminal reports by

Perou et al. (1) and van’t Veer et al. (2), and in all

subsequent reports on the same subject. Thus, if treatment

strategies in the future are guided mainly by gene expression

patterns and not by nodal status as is currently the case, this

will constitute a fundamental paradigm shift in the

management of breast cancer

Studies of the other, less frequent histological varieties of

breast cancer, are mandatory in order to disclose which

precise gene-expression pattern defines similar subgroups. 
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