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Abstract
Purpose. It is unknown to what extent lymph node metastases differ from primary tumours of breast cancer. Our aim was to
investigate the similarity between primary breast tumours and the matching lymph node metastases in 59 breast cancer
patients. Experimental design. Immunohistochemical stainings of p53, bax, bc-l2, fas and fasL were performed in primary
tumours and the parallel lymph node metastases. Results. When using a cut point of 10%, the concordance between primary
tumours and parallel lymph node metastases in the expression of p53 was 85%, bcl-2 79%, bax 69%, fas 59% and fasL
43%. In most tumours the staining status of p53, bcl-2 and bax in the primary tumour and the corresponding lymph node
did not change more than 20%. However, these variables could fluctuate in both directions. In 15�25% of the cases, nodal
expression was more than 20% lower than in the primary tumours, while in 10�17% of the cases, nodal expression was more
than 20% higher than in the primary tumours. In half of the tumours, fas status did not change. Most fasL positive tumours
lost positivity in the lymph node metastases or showed positively staining cancer cells only in the peripheral region of the
node. A phenotype analysis of combined information of tumour fas/tumour fasL/nodal fas/nodal fasL expression (�/�)
was assessed. The most frequently observed phenotype was tumour fas�/tumour fasL�/nodal fas�/nodal fasL� (22% of
the tumours), although almost all combinations were seen. Conclusions. The expression of p53, bax, bcl�2, fas and fasL is
not maintained in the matching lymph node metastases of breast cancer. Large studies comparing the expression of relevant
tumour biology factors in primary tumours and parallel lymph node metastases and their impact on therapy outcome,
especially in the adjuvant setting, are warranted.

In breast cancer, the axillary lymph nodes are often

the first site of metastases. Even though these

regional metastases are not life-threatening, they

are still the most powerful prognostic markers for

distant metastases and death.

The biology of the multistep metastatic process is

unclear [1] and is most likely heterogenic, occur-

ring either via lymph node metastasis or by the

haematogenous route. It would be important to

understand these heterogenic carcinogenic path-

ways, in order to develop novel, molecular-based

targeted therapies. Previously, no tumour biologic

factor has been identified to either discriminate

lymph node metastases from primary breast

tumours or to predict lymph node metastases of

breast cancer. Surprisingly few reports have been

published that compare lymph node metastases

with primary breast tumours in parallel samples of

patients.

In previous studies, estrogen receptor (ER) status,

proliferation marker Ki-67 expression and HER-2

expression have been investigated in primary breast

carcinomas and parallel axillary lymph node metas-

tases. The concordance in ER status between

primary tumours and lymph node metastases has

been 80�90% [2�4], while Ki-67 expression seems

to be significantly higher in the axillary lymph node

metastases than in the primary tumour [5,6]. The

concordance in HER-2 expression has been almost

100% in several studies [7].
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Tumours can arise either via excessive prolifera-

tion or via reduced cell death by apoptosis. Mito-

chondrial and cell surface death receptor-mediated

apoptosis are the two principal pathways leading to

programmed cell death [8]. The mitochondrial

pathway is mediated by over 20 members of the

bcl-2 family proteins of which bcl-2 is an antiapop-

totic protein and bax a proapoptotic protein. p53 is a

transcription factor that participates in cell cycle

checkpoint processes and apoptosis [9].

The fas receptor (fas) belongs to the family of

tumour necrosis factor (TNF) -related cell surface

death receptors. Fas ligand (fasL) is its correspond-

ing ligand which activates apoptosis by binding the

death receptor. Both fas and fasL are widely

expressed in normal human tissues [10]. The

co-expression of fas and fasL particularly in epithelia

suggests that the physiological cell turnover of some

tissues may be regulated by the fasR-fasL apoptotic

pathway [11]. Dysfunction of this system might allow

tumour cells to escape beyond the physiological cell

turnover. In addition, fas and fasL play a key role in

the regulation of apoptosis within the immune

system, which may in certain circumstances enable

tumours to evade immune destruction by inducing

apoptosis in activated lymphocytes near the tumour

cells [12]. Downregulation of fas has been observed

in some carcinomas including breast cancer [13],

while fasL is sometimes overexpressed in many

human tumours, including breast cancer [14,15].

The purpose of the present study was to evaluate

the expression of p53, bcl-2, bax, fas and fasL in the

primary tumours as well as in the parallel lymph

node metastases of patients with breast cancer.

Material and methods

Patients and therapy

Paraffin-embedded blocks of the primary tumour

were available for 126 of 283 patients who took part

in a randomised multicentre trial, comparing doce-

taxel to sequential methotrexate and 5-fluorouracil in

advanced breast cancer [16]. Of these 126 patients, 59

had lymph node metastases and paraffin-embedded

blocks available for immunohistochemistry.

Immunohistochemical assays

All tissues had been fixed in 4% buffered formalin,

processed and embedded in paraffin according to

normal laboratory practice. From each block, 5 mm

thick sections were cut onto coated slides and dried

overnight at 378C. The sections were deparaffinised

in xylene and rehydrated through graded concentra-

tions of ethanol in distilled water. Sections to be

stained with antibodies against p53, bcl-2 and bax

were pre-treated by boiling them in a microwave oven

for 20 minutes in citrate buffer (pH 6.0). Those that

were to be stained with anti-fas and anti-fasL were

pre-treated by digestion in 0.5% trypsin (pH 7.2) at

378C for 30 minutes. Immunohistochemical stain-

ings were performed by using commercial Elite ABC

Kits (Vectastain, Vector Laboratories, Burlingame,

CA, USA). Blocking serum was applied for 15

minutes followed by overnight incubation with the

diluted primary antibody p53 1:300 (clone D07,

DAKO), bcl-2 1:200 (clone 124, DAKO), bax 1:100

(clone 2D2, Zymed), fas 1:250 (C20 rabbit poly-

clonal antibody raised against amino acids 316�335

mapping at the carboxy-terminus of the human FAS

precursor, Santa Cruz) and fasL 1:100 (Q20 rabbit

polyclonal antibody raised against a peptide corre-

sponding to amino acids 2�21 mapping at the amino-

terminus of FASL of human origin, Santa Cruz).

The sections were then incubated with the biotiny-

lated secondary antibody and the peroxidase-labelled

ABC for 30 minutes each. All dilutions were made in

phosphate buffered saline (PBS, pH 7.2), and all

incubations were performed in humid chambers at

room temperature. Between each step of the staining

procedures, except before incubation with the

primary antibody, the slides were rinsed three times

in PBS. Bound peroxidase was visualised in all slides

with a 3-amino-9-ethyl-carbazole (AEC) solution

(Sigma) (0.2 mg/ml in 0.05M acetate buffer contain-

ing 0.03% perhydrol, pH 5.0) at room temperature

for 15 minutes. Finally, the sections were lightly

counterstained in Mayer?s hematoxylin and mounted

in Aquamount Mountant (BDH Ltd, Poole, UK).

For each antibody, a known positive case of breast

cancer was included in every staining batch for

positive control. The positive control sections for all

antibodies were also stained with PBS instead of the

primary antibody to exclude any false positivity. All

staining batches contained a large number of sections

so there were always negatively stained tumours

among them which served as negative controls

Cells were considered positive only when distinct

cellular micropunctate pattern of staining was seen,

except for p53, for which nuclear staining was

required. The percentage of immunoreactive cells

was evaluated as the number of positive tumour cells

per all the tumour cells on the section. All the stained

sections were scored by two investigators (JS-M, ES)

who were blinded to the clinical data. A cut point of

10% for positive expression was arbitrarily chosen for

all the investigated tumour biologic factors except

peripheral fasL (fasLp). We have shown previously

that fasL staining is very often seen in the peripheral

areas of the tumours [17]. This is why we scored

separately the peripheral staining of fasL (fasLp) in

addition to the diffuse staining (fasL) in the lymph
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nodes. The nodal staining was considered positive for

peripheral fasL if there were positively staining

tumour cells in the peripheral regions of the metas-

tases. The positively stained specimens were scored

from 1 to 3 according to the number of positively

stained cells, and scores 2�3 were considered as the

cut point for positive peripheral expression.

Statistical methods

Spearman correlation coefficients were calculated

for the investigated tumour biologic factors. Due to

the high number of analyses, only p-values of equal

to or less than 0.01 were considered significant. The

correlations of the tumour biologic factors between

the primary tumours and parallel lymph node

metastases are also presented as scatter grams.

Results

Immunohistochemical stainings of p53, bcl-2, bax,

fas and fasL were done both for the primary tumours

and the corresponding lymph node metastases of the

59 breast cancer patients having lymph node metas-

tases at the time of diagnosis. The characteristics of

the 59 analysed tumours and parallel lymph nodes can

be seen in Table I. When using a cut point of 10%, the

concordance between primary tumours and parallel

lymph node metastases in the expression of p53 was

85%, bcl-2 79%, bax 69%, fas 59% and fasL 43%.

In addition to using an arbitrarily chosen cut

point of 10%, we also analysed the results and

made them meaningful by using a difference of

20% in the immunohistochemical assays between

the primary tumours and corresponding lymph

node metastases. In the majority of the tumours,

the staining status of p53, bcl-2 and bax in the

primary tumour and corresponding lymph node did

not change more than 20% (Table II). Changes in

these variables between the primary tumours and

their parallel metastases fluctuated in both direc-

tions. In 15�25% of the cases, nodal expression was

more than 20% lower than in the primary tumours,

while in 10�17% of the cases, nodal expression was

more than 20% higher than in the primary

tumours. In half of the tumours, fas status did

not change. In most tumours, fasL status changed

more than 20%, and in half of the cases it changed

by losing its positivity in the lymph node metas-

tases. In the fasL positive lymph nodes, the fasL

staining was very often seen in the peripheral areas

of the nodes (Figure 1). This is why we scored

separately the peripheral nodal staining of fasL

(fasLp) and the diffuse nodal staining (fasL).

The correlations between the investigated tumour

biologic factors are shown in Table III. Out of these

factors, p53, bax and bcl-2 of the primary tumour

correlated positively with the corresponding nodal

expression. There was no statistically significant

correlation between the fas or fasL status of the

Table I. The characteristics of the primary tumours and parallel

lymph node metastases at the time of diagnosis of the 59

investigated patients.

Factor Subgroups

Histology Ductal 55 (93%)

Lobular 4 (7%)

ER positive 27 (46%)

negative 30 (51%)

Unknown 2 (3%)

Grade 1 6 (10%)

2 38 (64%)

3 15 (25%)

Primary tumours Metastases Metastases

negative positive

p53 negative 27 (46%) 3 (5%)

positive 6 (10%) 23 (39%)

bcl-2 negative 28 (47%) 4 (7%)

positive 8 (14%) 19 (32%)

bax (n�58) negative 26 (45%) 3 (5%)

positive 15 (26%) 14 (24%)

fas negative 18 (31%) 6 (10%)

positive 18 (31%) 17 (29%)

fasL negative 9 (15%) 2 (3%)

positive 32 (54%) 16 (27%)

Table II. The change of the tumour biologic factors between primary tumours and parallel lymph node metastases.

Tumour biologic

factor

Percentage of cases in which nodal

expression was �20% lower than in

the primary tumour

Percentage of cases in which nodal

expression did not change

more than 20%

Percentage of cases in which nodal

expression was �20% higher than in the

primary tumour

p53 17% 73% 10%

bcl-2 15% 68% 17%

bax 25% 63% 10%

fas 34% 51% 15%

fasL 54% 39% 7%
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primary tumour and the corresponding lymph node

metastases. p53 of the primary tumour was inversely

correlated with nodal bcl-2, i.e. wild type p53 was

associated with high expression of nodal bcl-2. Due

to the large number of tests, only p50.01 was

considered significant.

The correlations of the biologic factors between

the primary tumours and parallel lymph node

metastases are also presented as scatter grams in

Figure 2. In the scatter grams the exact percentages

of the staining status oh both primary tumours and

lymph node metastases can be seen in the same

figure to avoid any impact of arbitrarily chosen cut

points on the results.

A phenotype analysis of the combined information

of tumour fas/tumour fasL/nodal fas/nodal fasL

expression (�/�) was assessed (Table IV). Almost

all combinations were seen. Most frequently seen

phenotypes were tumour fas�/tumour fasL�/nodal

fas�/nodal fasL� (22% of the tumours), as well

as tumour fas�/tumour fasL�/nodal fas�/nodal

fasL� and tumour fas�/tumour fasL�/nodal fas�/

nodal fasL� (15% of the tumours).

Discussion

Our data show that the expression of p53, bax, bcl-2,

fas and fasL is not maintained in the matching

lymph node metastases of breast cancer. Subtle,

dynamic changes that happen all the time in the

tumour, due to its crosstalk with surrounding

environment and ongoing carcinogenesis, might

explain the differences between the primary tumour

and the counterpart lymph node metastases. Of the

investigated factors, p53 status was maintained best,

most likely because its expressional level is mainly a

consequence of genomic mutations. The discre-

pancy found also in p53 status could be partly

explained by the immunohistochemical method

that was used, instead of the genomic assays. In

addition to other groups, we have previously shown

in this same patient material that HER-2 receptor,

which is also a product of an oncogene, is so far the

only tumour biologic factor that is generally ex-

pressed in lymph node metastases to the same extent

as in the corresponding primary breast tumours [7].

Figure 1. In the fasL positive lymph nodes the fasL staining was

very often seen in the peripheral areas of the nodes. In this

specimen the peripheral staining of fasL (fasLp) was scored as 3

and the diffuse nodal staining (fasL) as 20.

Table III. The significance of the correlation (Spearman) between the investigated tumour biologic factors (n�59 except for bax n�58).

Factor nodal p53 nodal bax nodal bcl-2 nodal fas nodal fasL nodal peripheral fasL

p53 pB0.001 p�NS p�0.005 p�0.018 p�NS p�NS

r�0.77 r��0.17 r��0.36 r�0.31 r�0.09 r�0.10

bax p�NS p�0.001 p�NS p�NS p�NS p�NS

r��0.10 r�0.44 r��0.05 r�0.08 r��0.05 r��0.12

bcl-2 p�0.025 p�NS pB0.001 p�NS p�NS p�NS

r��0.29 r�0.14 r�0.73 r��0.18 r�0.09 r�0.07

fas p�NS p�0.025 p�NS p�NS p�NS p�NS

r�0.20 r�0.29 r��0.07 r�0.13 r�0.16 r�0.17

fasL p�NS p�NS p�NS p�NS p�0.015 p�0.047

r��0.20 r�0.21 r�0.16 r��0.15 r�0.32 r�0.26

nodal p53 p�NS p�0.043 p�NS p�NS p�NS

r��0.05 r��0.26 r�0.21 r��0.06 r��0.06

nodal bax p�NS p�NS p�NS p�NS p�NS

r��0.05 r�0.10 r��0.06 r��0.04 r�0.01

nodal bcl-2 p�0.043 p�NS p�NS p�NS p�NS

r��0.26 r�0.10 r��0.15 r�0.22 r�0.13

nodal fas p�NS p�NS p�NS p�0.012 p�0.050

r�0.21 r��0.06 r��0.15 r�0.33 r�0.26

nodal fasL p�NS p�NS p�NS p�0.012 pB0.001

r��0.06 r��0.04 r�0.22 r�0.33 r�0.86

p�value for significance (only p50.01 was considered significant due to multiple analyses).

r�Spearman correlation co-efficient.
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Figure 2. The correlation of the tumour biologic factors between primary tumours and parallel lymph node metastases presented as scatter

grams. x�percentage of positively staining cancer cells in the primary tumour, y�percentage of positively staining cancer cells in parallel

lymph node metastasis.
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Although the findings of many earlier studies

support the clonal theory of metastases, no intracel-

lular molecular factor necessary for breast carcinoma

metastases to occur has been identified. In fact,

Weigelt et al. could not identify any classifier or

single gene discriminating the group of primary

breast tumours from those of the lymph node

metastases. However, they did find subtle differences

in gene expression profiles of different sets of genes

involved in extracellular matrix organisation and

growth factor signalling in primary breast tumours

and their counterpart lymph node metastases [18].

These genes were either up- or downregulated in

lymph node metastases. Indeed, recent data suggest

that metastatic dissemination does not depend on

the acquisition of additional genetic lesions beyond

those that are present in many primary tumours,

but that it would rather occur as an inadvertent

side effect of primary tumour formation [19].

Nevertheless, increased mutability of tumour cells

would still result in random genetic background

and heterogeneity between primary tumours and

metastases.

Only Iochim et al. have investigated fasL and fas

expression in the nodal specimens of breast cancer.

They also found equal or less fasL expression in the

lymph node metastases than in the primary tumour

counterparts, which correlates with our results [20].

Additionally, they reported fas expression equal to or

stronger than fasL in the primary mammary tu-

mours and the reversal of their expression (i.e. fasL

greater than fas) in the lymph node metastases. In

the present study, fasL expression was lost in most

lymph node metastases and we could not detect any

positive statistical correlation between the primary

tumour expression and nodal expression of fas or

fasL. We detected several phenotypes of the com-

bined status of fas and fasL of the primary tumour

and parallel lymph node metastases, which probably

indicates their interaction with the extracellular

milieu rather than causing the metastases to occur.

All these results might suggest that nodal fas/fasL

system is most likely not a crucial, but rather a

contributing or only a reactive factor in the complex

process of breast cancer metastases.

In conclusion, the expression of p53, bax, bcl-2,

fas and fasL is not maintained in the matching

lymph node metastases of breast cancer. According

to the literature, the only tumour biologic factor that

has been reported to be expressed in lymph node

metastases to the same extent as in the correspond-

ing primary breast tumours is still HER-2.

In the future, we should probably make tumour

biologic assays in addition to primary tumours also

of lymph node metastases as well as of distant

metastases in order to tailor the therapy optimally,

since primary tumours and the corresponding me-

tastases seem to differ in many respects. Large

studies comparing the expression of relevant tumour

biology factors in primary tumours and parallel

lymph node metastases and their impact on therapy

outcome, especially in the adjuvant setting, are

warranted.
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