Aim of the study: Increased Raf-1 ex-
pression has been associated with an
aggressive behaviour in some carci-
nomas such as pulmonary carcinoma
and renal carcinoma. However, its role
in breast cancer, especially in bas-
al-like carcinoma of the breast (BLBC),
has not been defined.

Material and methods: The current
study attempted to investigate the
expression pattern of Raf-1 protein
in BLBC, in relation to the biological
behaviour and prognosis of the car-
cinoma. Expression of Raf-1 was de-
tected by immunohistochemistry in
carcinoma specimens from 74 cases of
BLBC, and associations between their
expression and the clinicopathological
characteristics were statistically as-
sessed.

Results: The patients’ age, tumour size,
BRCAL, and p53 protein expression was
not significantly different between the
Raf-1-positive and Raf-1-negative ex-
pression groups (p > 0.05). The propor-
tion of histological grade 3 tumours
was not significantly higher in the
Raf-1 positive group than that of grade
2 tumours (p > 0.05). However, positive
cytoplasmic Raf-1 expression was pos-
itively correlated to Ki-67 expression
(p < 0.05). Also, increased Raf-1 pro-
tein was found to exert an unfavour-
able impact on patients’ axillary lymph
node metastasis and overall survival
(p < 0.05).

Conclusions: The study implies that
positive Raf-1 expression in BLBC is
associated with a more aggressive
phenotype and could be considered
as a new prognostic biomarker for
poor survival in BLBC patients.

Key words: Raf-1, basal-like breast car-
cinoma, aggressive phenotype.
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Introduction

Breast carcinomais a heterogeneous disease that displays a range of pheno-
types with different clinical characteristics including altered clinical outcome,
varying prognostic characteristics, and differential response to treatment. The
clinical management of breast cancer currently still relies on traditional prog-
nostic and predictive factors including clinical, histological, and some well-de-
fined biological factors such as hormone receptors (estrogen receptors — ER,
progesterone receptors — PR) and human epidermal growth factor receptor 2
(HER-2) expression. Cellular and molecular heterogeneity of breast carcinoma
results in different distinct groups of tumours with different clinical behaviour
and prognosis. Gene expression profiling of breast carcinoma has delineated
five molecular subtypes based on similarities in gene expression: luminal A,
luminal B, HER2 overexpressing, normal-like, and basal-like type [1]. Basal-like
carcinoma of the breast (BLBC) lacks oestrogen receptor, progesterone recep-
tor, and HER2 expression. Specific features include high proliferative rate, rap-
id growth, early recurrence, and decreased overall survival. Basal-like carcino-
ma of the breast is associated with ductal carcinoma in situ, BRCA1 mutation,
brain and lung metastasis, and negative axillary lymph nodes. There are cur-
rently no specific therapies for BLBC. A number of biomarkers have emerged,
which show an association with clinical outcome in basal-like or triple-nega-
tive disease, including solute carrier organic anion transporter family member
1B1 (OATP2) and fatty acid-binding protein 7 (FABP7) [2], and forkhead box
protein C1 (FOXC1) [3] in basal-like cancers. Despite the overall association of
these variables with prognosis and outcome, these markers are limited in their
ability to capture the nuances of the complex cascade of events that drive the
clinical behaviour of breast cancer [4-6].

Raf was initially discovered as a murine sarcoma and an avian carcinoma
virus. As the linker between Ras (the most frequently mutated oncogene
in human cancers) and the mitogen-activated protein kinase/extracellular
signal-regulated kinase (MEK/ERK) module, Raf has been conclusively estab-
lished as a major player in tumour development [7]. In response to growth
factor stimulation and Ras activation, C-Raf (Raf-1) and B-Raf form heterodi-
mers to yield higher MEK kinase activity for cell proliferation and tumour de-
velopment [8]. Overexpression of Raf-1 has been reported in squamous cell
carcinoma and lung adenocarcinoma and correlates with metastatic pro-
gression [9]. In the current study we investigated Raf-1 expression in BLBC
through the immunohistochemical method and its correlation with Ki-67,
p53, and other conventional clinicopathological parameters, as well as the
clinical outcome of the patients.
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Material and methods
Clinical data

The breast samples of female patients consisted of
424 invasive ductal carcinomas and were retrieved from
the archives of the Departments of Pathology in Huaian
Maternity and Infant Health Institute and Changhai Hos-
pital. None of the patients had received any treatment
before the surgical operation. Portions of tumour were
trimmed free of fat, and the axillary lymph node metas-
tases analysed were surgically removed at the same time
as the primary tumour. Formalin-fixed, paraffin-embedded
histological sections of the lesions, stained with haema-
toxylin and eosin, were reviewed by two pathologists for
designation into the above diagnostic categories. The car-
cinomas were evaluated for histological grade according
to the modified Bloom and Richardson method.

Immunohistochemistry and evaluation

Tissue samples were fixed by immersion in buffered
formalin and embedded in paraffin. Each patient with in-
vasive breast cancer had a complete medical record. Ac-
cording to the Clinical Guidelines, each sample was sub-
jected to EnVision immunohistochemistry (IHC) for ER,
PR, and BRCA1 (rabbit monoclonal antibodies; Gene Corp,
Shanghai, China), HER-2 (rabbit polyclonal antibodies;
Dako, Glstrup China) and Raf-1 (rabbit polyclonal antibod-
ies; Santa Cruz Biotechnology, Santa Cruz, CA, USA). The
sections were counterstained with haematoxylin and cov-
erslipped. A negative control reaction with no primary an-
tibody was performed alongside the reaction-containing
sample. Immunostaining was evaluated without knowl-
edge of the clinical and pathological parameters. Positivity
was defined as staining of > 10% of nuclei in the invasive
component of the tumour. For HER-2 expression, stain-
ing intensity was divided into four grades, with grades
0 and 1 considered as negative, grade 2 as indeterminate,
and grade 3 as positive. Fluorescence in situ hybridisation
(FISH) was performed on all grade 2 samples. Samples
with < 2.2-fold-change in expression were regarded as
negative, and those with > 2.2-fold increase were regarded

of tumour cells of BLBC by immunohistochemical staining (haema-
toxylin counterstain)

as positive for gene amplification [10]. In order to select
the BLBC cases, the samples were also subjected to immu-
nohistochemistry for CK5/6 and epidermal growth factor
receptor/HER1 (EGFR, rabbit polyclonal antibodies; Santa
Cruz Biotechnology, CA, USA). The BLBC subtype was se-
lected according to the negative expression of ER & PR and
HER?2, along with expression of one or a combination of
the basal markers (CK5/6, CK14, vimentin, or EGFR) [11, 12].

Each patient provided informed consent prior to study
participation. The study protocol was carried out with ap-
proval by the Ethics Committee of Changhai Hospital.

A total of 74 cases of carcinoma were attributed to the
BLBC group. The patients were followed up for at least five
years, and clinical and pathological factors were recorded
for analysis. Among the 74 patients, 70 cases were satis-
fied for the follow-up record.

Statistical analysis

The personal x? test was used to examine the statisti-
cally significant differences between expression of Raf-1
and other known predictive markers (tumour size, node
involvement, histologic grade, ER/PR status, HER-2 status,
p53, and Ki67). Kaplan-Meier survival curves with log-rank
testing were used to assess the disease-free survival (DFS).
The relative risk (RR) of reducing DFS was determined by
Cox proportional hazard regression with multivariate anal-
yses. A P value of less than 0.05 was considered statisti-
cally significant.

Results
Raf-1 expression in BLBC

In the current immunohistochemical analysis of 74 BLBC
cases, the tumour cells showed cytoplasmic staining for Raf-
1 protein (Fig. 1). No specific immunoreactivity was detect-
ed in these negative control sections. Positive expression
of Raf-1 proteins was observed in 46 cases of BLBC (46/74,
62.2%). In the current study, Raf-1 expression was confined
to the invasive tumour components, with no staining in nor-
mal breast epithelial cells.

Association of Raf-1 expression with
clinicopathological data and patient prognosis

The relationship between Raf-1 and other clinicopath-
ological variables is summarised in Table 1. No significant
correlation was observed in age, tumour size, histologic
grade, BRCAL, and p53 protein expression between the
positive and negative Raf-1 expression group of BLBC
(p > 0.05). The proportion of histological grade 3 tumours
was not significantly higher in the Raf-1-positive group
than that of grade 2 tumours (p > 0.05). The percentage
of tumours with higher Ki-67 expression (= 10%) was also
higher in the Raf-1-positive group than in the Raf-1-nega-
tive group (73.5% vs. 26.5%, p < 0.05). Since an increase in
Raf-1 expression was associated with tumour metastasis
in axillary lymph nodes, we examined which factor would
contribute most significantly to a reduction in five-year
disease-free survival (DFS). We performed Cox regression
with multivariate analysis to identify the RR of reducing
the five-year DFS. Table 2 shows that the following fac-
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Table 1. Expression of Raf-1in basal-like carcinoma of the breast

Case Posi- Nega- y?value Pvalue
No. tive tive

Age

> 50 31 21 10

<50 43 25 18 0.357 > 0.05
Tumour size

2<and < 5cm 27 19 8

<2cm 47 27 20 0.731 > 0.05
Histology grade

I 0 0

Il 13 9 4 0.07 > 0.05

Il 61 37 24
Lymph node

Metastasis 52 37 15

Non-metastasis 22 9 13 4.796 < 0.05
Ki-67

>10% 49 36 13

<10% 25 10 15 6.526 < 0.05
p53

>10% 41 29 12

< 10% 33 17 16 2.112 > 0.05
BRCA1

>10% 23 15 8

<10% 51 31 20 0.011 > 0.05

tors contribute significantly to a decrease in DFS: axillary
lymph node metastasis and the tumours with higher Ki-67
expression and Raf-1 expression (> 10% positivity). Most
interestingly, in addition to these traditional risk factors,
higher Raf-1 expression was significantly associated with
a decrease in five-year DFS (Fig. 2).

Discussion

The BLBC subtype accounts for 8-20% of breast cancer
cases [13]. Recurrence of BLBC is frequently found within
1-3 years after treatment, and most patients with BLBC
die within 5 years. Treating BLBC remains a challenge. Bas-
al-like carcinoma of the breast is usually insensitive to en-
docrine therapy, and an effective targeted therapy has not
yet been developed. At present, systemic chemotherapy
is the most widely applied strategy, but the response to
chemotherapy is unreliable [14]. This discloses that BLBC
is a highly progressive disease, the prognosis of which is
difficult to determine by clinical variables and molecular/
gene markers. Therefore, it is vital to understand the bi-
ological behaviours of this tumour to provide useful pre-
dictors for clinical outcomes and for guiding treatment.
Currently, besides histological differentiation, lymph
node status, clinical staging, and differentiation, other
factors such as angiogenic markers [15], genetic markers
[16], a member of the insulin-like growth factor-1l (IGF-II)
MRNA-binding protein family [17], cell cycle regulation [18],
and PI3K pathway [19] have been reported to be indepen-

Table 2. Estimation of relative risk of reduction of disease-free sur-
vival in women with BLBC using multivariate analysis

Biological factors RR 95% Cl P value
Tumour size (> 2 vs. < 2 cm) 1.24 1.4-2.9 0.16
Lymph node (metastasis 1.96 1.1-35 0.04
VS. non-metastasis)

Age (< 50 vs. > 50 years) 1.04 0.6-1.7 0.68
Ki-67 status (= 10% 2.14 1.0-3.3 0.03
vs. < 10% expression)

p53 status (> 10% 1.19 0.5-1.6 0.29
vs. < 10% expression)

BRCA1 status (> 10% 1.41 1.2-2.1 0.19
vs. < 10% expression)

Raf-1 status (> 10% 2.41 1.43-3.94 0.02

vs. < 10% expression)

RR — relative risk, Cl — confidence interval

Disease-free survival

0.2

0.0

Years

Fig. 2. Kaplan-Meier analysis of the probability of overall survival
based on Raf-1 expressions in BLBC

dent prognostic markers for BLBC patients. However, some
BLBC are difficult to identify by their biological markers
[20]. Consequently, additional prognostic biomarkers need
to be identified that could aid stratification of breast carci-
noma patients diagnosed with basal-like phenotype, and
that could potentially explore novel treatment regimens.

The introduction of high-throughput technologies that
survey hundreds to thousands of genes and their products
in a single assay, coupled with powerful analytic tools, has
opened new avenues for classifying breast cancer into
biologically and clinically distinct groups based on gene
expression patterns and DNA copy number alterations
[21-25]. However, this technique is inhibitively expensive
and complex, so it is not feasible to practice widely.

Raf-1 has been proven to contribute to the prognostic
role in a variety of malignant tumours [26, 27]. Indeed,
high expression of Raf-1 has commonly been observed in
solid tumours [9], including renal carcinoma, hepatocel-
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lular carcinoma, and NSCLC [28]. Increased expression of
Raf-1 was also observed in cell lines and most malignant
cells, suggesting that overexpression of Raf-1 protein may
be related to the malignant transformation of cells [29].
Raf is considered as a unique gene of cancer, and various
studies have established its important role in Ras/Raf/
MEK/ERK classic signalling pathway. It has been reported
that activation of the Ras pathway predicts poor outcome
on tamoxifen (endocrine therapy) in breast cancer, and
identifies Raf-1 as a potential marker of resistance to oes-
trogen receptor-targeted therapy. In addition, it suggests
that expression of Raf-1 could identify patients for whom
tamoxifen alone is insufficient adjuvant systemic therapy,
but for whom the addition of chemotherapy may be of
benefit [30].

Immunohistochemical analyses from the recent 74 BLBC
patients suggest that Raf-1 protein was significantly highly
expressed. However, there was no significant difference in
Raf-1expression between older and younger patients, bigger
and smaller tumour size, grade 2 and grade 3 groups, pos-
itive and negative BRCAL, and p53 protein expression. The
presence of inherited mutations in breast cancer suscepti-
bility gene-1 (BRCA1) continues to be one of the best-defined
overall risk factors for the development of breast cancer. Al-
though the role of BRCAL in hereditary breast cancers and
the characteristics of tumours with germline mutation have
been extensively studied, its role in sporadic tumours is still
not well defined and there remains controversy regarding
the significance of BRCAL expression. There are several lines
of evidence to suggest a link between BRCA1 deficiency
and basal-like breast cancer [32]. Nevertheless, the current
study did not find a link between BRCA1 expression and
Raf-1 expression in BLBC. Such a pattern of expression may
reflect differences in the specificity of antibodies used and
the presence of different splice variant isoforms of BRCA1
[32]. Han et al. [33] demonstrated that Ki67 and p53 expres-
sion is significantly higher in triple-negative (TN) tumours
compared to high-grade non-TN tumours, suggesting that
Ki67 and p53 expression may play a role in worse prognosis
of TN breast cancer. Furthermore, High expression of Ki67
(> 10%), but not p53, shows better prognostic value. How-
ever, positive expression of Raf-1 was shown to be related to
lymph node involvement and patient disease-free survival.
These findings clearly demonstrate the prognostic value of
Raf-1 for poor survival rate of BLBC patients when investi-
gated and compared with clinical variables. Such findings
also suggest that Raf-1 may be of predictive value for BLBC
patients compared to TNM staging system and tumour dif-
ferentiation, because most of BLBC are attributed to histo-
logical grade 3 or 2.

The disadvantage of dividing BLBC patients into risk
groups based on clinical and pathological description is
the variation in interpreting these qualitative variables. As
is already known, BLBC lacks ER, PR, and HER-2 expres-
sion, which are the most important prognostic factors.
Therefore, the study is focused extensively on potential
prognostic biomarkers, especially on BLBC-related protein
expression profiles. Compared to genetic studies, which
are expensive and not widely available, the protein ex-
pression studies by immunohistochemistry can be con-

veniently carried out at any time because this technique
is rapid, reproducible, and particularly low cost. In view
of the current study, in which the positive expression of
Raf-1 correlated well with poor survival rate of BLBC pa-
tients, the protein could be used as a predictor for clinical
outcomes.

However, the sample size of this study was not large
enough; it was a retrospective study by immunohisto-
chemistry, so Raf-1 protein was not confirmed in BLBC by
molecular biology. To understand how Raf-1 expression af-
fects tumour cell fate, some in vitro experiments have also
shown that Raf-1 could induce the proliferation of tumour
cells [34], promote invasive ability, and arrest the cell cy-
cle at the stage of G /G,. Results from in vivo experiments
are consistent with in vitro observations, indicating that
downregulation of Raf-1 expression attenuates prolifera-
tion and induces apoptosis. Further preclinical and clini-
cal studies are needed to verify the role of Raf-1 in BLBC.
The current study was impacted by the limited number of
BLBC subtypes of breast carcinoma recruited to our record
in a relatively small study population. In addition, the study
relied solely on histological examination, and many inter-
actions in vivo may need further study.

In conclusion, BLBC is among the greatest challenges
given its high proliferation rate, rapid growth, early re-
currence, and low overall survival. However, traditional
clinicopathological prognostic markers may miss the in-
herence of breast carcinoma, leading to sub-optimal treat-
ment and varied outcomes among patients with the same
clinicopathological profiles. The current study found that
increased expression of Raf-1 protein played an unfavour-
able role in patients’ axillary lymph node metastasis and
overall survival. The study implies that positive Raf-1 ex-
pression in BLBC could be considered as a new prognostic
biomarker for poor survival of BLBC patients.

This study was supported by the National Natural Sci-
ence Foundation of China (No. 30870975, No. 81272905).
The authors declare no conflict of interest.
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