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Abstract

Background: B-cell lymphoma 6 (BCL6) protein, an evolutionarily conserved zinc finger transcription factor, showed
to be highly expressed in various human cancers in addition to malignancies in the lymphoid system. This study
investigated the role of BCL6 expression in breast cancer and its clinical significance in breast cancer patients.

Methods: Expression of BCL6 protein was assessed using in situ hybridization and immunohistochemistry in 127 breast
cancer patients and 50 patients with breast benign disease as well as in breast cell lines. Expression of BCL6 was
restored or knocked down in two breast cancer cell lines (MCF-7 and T47D) using BCL6 cDNA and siRNA, respectively.
The phenotypic change of these breast cancer cell lines was assessed using cell viability MTT, Transwell invasion,
colony formation, and flow cytometry assays and in a xenograft mice model. Luciferase reporter gene, immunoblot,
and qRT-PCR were used to investigate the molecular events after manipulated BCL6 expression in breast cancer cells.

Results: BCL6 protein was highly expressed in breast cancer cell lines and tissue specimens and expression of BCL6
protein was associated with disease progression and poor survival of breast cancer patients. In vitro, the forced
expression of BCL6 results in increased proliferation, anchorage-independent growth, migration, invasion and
survival of breast cancer cell lines, whereas knockdown of BCL6 expression reduced these oncogenic properties of
breast cancer cells. Moreover, forced expression of BCL6 increased tumor growth and invasiveness in a nude mouse
xenograft model. At the gene level, BCL6 was a target gene of miR-339-5p. Expression of BCL6 induced expression of
CXCR4 and cyclinD1 proteins.

Conclusions: The current study demonstrated the oncogenic property of BCL6 in breast cancer and further study
could target BCL6 as a novel potential therapeutic strategy for breast cancer.
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Background
Breast cancer is the most common worldwide malignancy
in women, accounting for approximately 29% of new
cancer cases annually in women in the United States
[1]. Despite considerable advances in diagnostic and
therapeutic approaches over the past decades, breast
cancer is still the second most common cause of can-
cer death in women [1]. Better understanding of the
molecular mechanisms and gene alterations in breast
cancer could lead to more effective control of breast
cancer clinically. To date, numerous tumor suppressor
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genes and oncogenes have been identified in breast cancer
and further studies of these gene alterations and functions
will assist in revealing the molecular mechanisms of breast
cancer initiation and progression [2].
To this end, human B-cell lymphoma 6 (BCL6) is a

95 kDa nuclear protein, belonging to the BTB/POZ
(BR-C, ttk and bab/Pox virus and Zinc finger) domain
family of transcription factors. BCL6 protein has been
reported as a master regulator of B lymphocyte develop-
ment and growth [3,4] and altered BCL6 protein expres-
sion was implicated in pathogenesis of diverse human
hematologic malignancies, especially in the diffuse large B
cell lymphoma (DLBCL), the most common lymphoma in
adults [5-7]. Overexpression of BCL6 was frequently shown
in DLBCL patients due to a functional mutation in the
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BCL6 promoter [5]. BCL6 protein is a potent inhibitor of
senescence of primary mouse embryonic fibroblasts and
BCL6 expression also dramatically extends the replicative
lifespan of primary human B cells [8]. Recently, BCL6
protein was also shown to be highly expressed in various
human cancers other than malignancy in the lymphoid
system. For example, Kanazawa et al. showed that BCL6
protein was expressed in normal epidermis and epidermal
neoplasms, suggesting that expression of BCL6 protein
may be associated with differentiation in normal and
neoplastic epidermal cells [9]. Chamdin et al. reported
that BCL6 was expressed in neuroblastoma, expression
of which was significantly associated to poor survival of
the patients [10]. In the mammary glands, BCL6 protein
was expressed in the mammary epithelium in nonpregnant
and early pregnancy animals [11] and overexpression
of BCL6 prevented the duct formation and apoptosis
in murine mammary epithelium [11,12]. However, BCL6
protein was overexpressed in breast cancer tissues, es-
pecially in high-grade ductal breast cancer compared
to normal mammary gland tissues [12,13]. BCL6 expression
was able to induce expression of tumor metastasis-related
genes in breast cancer cell lines [14]. These data suggested
that BCL6 may possess an oncogenic function in breast
cancer development. However, contradicted data did show
that BCL6 expression was inversely associated with breast
cancer cell lymph node metastasis, but associated with
survival of breast cancer patients [14]. Overall, the role of
BCL6 protein in human cancers other than in the lymph-
oid system remains to be determined. Thus, in this study,
we first determined expression of BCL6 protein in breast
cancer tissues and cell lines, and then associated BCL6
expression with disease progression and prognosis. After
that, we investigated the role of BCL6 expression in regu-
lation of breast cancer cell proliferation, migration, inva-
sion, and survival in vitro and in xenografts models. We
also explored the underlying molecular events of BCL6 ac-
tion in breast cancer cells.

Methods
Cell lines and culture
Human breast cancer MCF-7, T47D, SKBR3, MDA-
MB-453, MDA-MB-435S, and BT549 cell lines, a hu-
man breast non-tumorigenic MCF-10A cell line, and a
human mammary epithelial (HMEC) cell line were
obtained from the American Type Culture Collection
(ATCC, Manassas, VA, USA) and cultured under the
ATCC-recommended conditions. All cells were main-
tained in a humidified incubator at 37°C and 5% CO2.

Breast tissue specimens
In this study, we collected two different cohorts of human
breast tissue specimens, i.e., for in situ hybridization and
immunohistochemistry, we recruited 127 patients with
breast cancer and 50 patients with breast benign disease
who underwent surgical treatment at The First Affiliated
Hospital, Anhui Medical University (Hefei, China) between
2003 and 2006; for qRT-PCR, fresh tissue specimens from
30 breast cancer and 25 breast benign disease patients
were prospectively collected between 2010 and 2011
from the same hospital. The fresh tissue specimens were
immediately placed in a cryovial after surgery, snap-frozen,
and stored in liquid nitrogen until use. Breast cancer
patients who had undergone chemotherapy or radiation
therapy before surgery were excluded. All breast cancer
patients were female and received radical mastectomy
or modified radical mastectomy. These 127 breast can-
cer patients were followed-up for a median 60 months.
A protocol to use patient samples was approved by
the Biomedical Ethics Committee of Anhui Medical
University and a written informed consent was obtained
from each patient.

In situ hybridization and immunohistochemistry
Formalin-fixed and paraffin-embedded tissue specimens
from 127 breast cancer patients and 50 breast benign
disease patients were used to construct tissue microarrays
and cut into 4-μm-thick sections. For in situ hybridization,
digoxin-labeled antisense oligonucleotide probes for
BCL6 cDNA were obtained from Boshide Biotech Co.
(Wuhan, China). The probe sequences were 5′-GACAGC
TGTATCCAGTTCACCCGCCATGCCAGTGA-3′, 5′-
TTCTATAGCATCTTTACAGACCAGTTGAAATGCAA-
3′, and 5′-ATCCTGCAGATGGAGCATGTTGTGGACA
GTTGCCG -3′.
For immunohistochemical analysis of BCL6 expression

in tissue samples, a rabbit anti-BCL6 polyclonal antibody
was obtained for Santa Cruz Biotechnologies (Santa Cruz,
CA, USA) and used at a dilution of 1:100 according to
our previous studies [15,16].
Expression of BCL6 mRNA and protein in breast tissue

specimens were reviewed and scored by two pathologists
(QW and ZSW) using a light microscope (Olympus) using
the staining intensity and percentage of tissue staining,
i.e., 10% percent or more tumor cells stained were con-
sidered as positive, whereas <10% tumor cells stained
with any intensity was considered as negative.

Plasmid constructions and generation of stable
BCL6-expressing cell lines
The coding sequence of human BCL6 transcript variant
1 (GenBank accession #NM−001706) was cloned into
a mammalian expression vector pReceiver (GeneCopoeia,
Guangzhou, China) according to the manufacture’s
protocol. After DNA sequence confirmation, this vector
was named as pReceiver-BCL6 (BCL6). MCF-7 cells
were then stably transfected with pReceiver-BCL6 or
the empty pReceiver plasmids (VEC) to establish stable
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cells, MCF-7-BCL6, with forced expression of BCL6 and
their control cells, MCF-7-VEC, respectively.

Transfection of siRNA and miRNA
To knockdown BCL6 expression or manipulate miRNA
expression, we choose T47D and MCF-7 cells as a pair
of model cell lines for gene transfection. Briefly, cells
(1.0 ×105 /well) were seeded in 6-well plates and transiently
transfected with BCL6 small interfering RNA (siRNA) or
control scrambled siRNA duplex (GenePharma, Shanghai,
China) or with 2’-O methylated single-stranded miR-
339-5p antisense oligonucleotides (ASO) vs. its negative
control or miR-339-5p mimics (all from GenePharma) vs.
its negative control using Lipofectamine 2000 (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions. The sequences of BCL6 siRNA and scram-
bled control siRNA duplex were listed in Additional file 1:
Table S1.

RNA isolation and quantitative polymerase chain reaction
Total cellular RNA was isolated using a Trizol reagent
(Invitrogen) according to manufacturer’s instructions.
qRT-PCR was then performed to detect expression of
BCL6, GAPDH, miR-339-5p, U6, and common tumor-
related genes as described previously [15,17,18]. The
sequence of the primers used for qRT-PCR was summa-
rized in Additional file 1: Table S2.

Protein extraction and Western blot
Total cellular protein and western blot analysis were
performed according to previous studies [15,19]. The
antibodies used were as follows: a rabbit anti-BCL6
polyclonal antibody (Santa Cruz Biotechnologies), a
mouse anti-cyclinD1 monoclonal antibody (Santa Cruz
Biotechnologies), a rabbit anti-CXCR4 (Bioss, Beijing,
China), and a mouse anti-GAPDH monoclonal antibody
(Santa Cruz Biotechnologies).

Assays for cell phenotypic changes
Cell phenotypic changes after gene manipulations included
proliferation, soft agar colony formation, cell migration
and invasion in MCF-7 and T47D/MDA-MB-453 cells
and the corresponding assays were performed as described
previously [15,17-19]. In addition, we performed the cell
wound healing assay to analyze tumor cell migration cap-
acity. Briefly, T47D cells were seeded into 6-well plates
and transfected with a BCL6 siRNA or NC vector. Upon
cells reached totally confluence, scratching was done using
a plastic tip. The wounded monolayers were incubated
at 37°C in 1640 containing 10% FBS with or without
mitomycin C (10 μg/ml, Sigma, St Louis, MO, USA) to
block mitosis. Photos were taken at different periods of
time under a microscope and the wound healing after
scratched was measured daily.
Flow cytometry assay
Cell apoptosis was assayed using the Annexin V-Apoptosis
Detection kit (BestBio, Shanghai, China) according to
the manufacturer’s instructions. All the experiments were
performed using a FACScalibur cytometer (BD Biosciences,
San Jose, CA). Cell cycle distribution was analyzed using
the PI method. Each experiment was performed in trip-
licate and repeated at least once.

Nude mouse breast cancer cell xenograft assay
All animal work was performed according to the animal
care and use regulations of Anhui Medical University with
the approved protocol by Biomedical Ethics Committee of
Anhui Medical University. Briefly, 5 × 106 MCF-7-VEC and
MCF-7-BCL6 cells were suspended in 120 μl Matrigel/PBS
at a radio of 1:1 (v/v) and then injected into the mammary
fat pad of female BALB/c-nu (Slaccas, Hunan, China). The
day before injection, one estrogen pellet (17β-estradiol,
0.72 mg/pellet, Innovative Research of America, Sarasota,
FL) was implanted into each mouse. Tumor growth was
detected by measuring the tumor mass twice a week using
a formula = (length x width2)/2. The mice were ultimately
sacrificed on Day 27 after implantation. Primary tumors
and tumors metastasized to other organs, such as the lung
and liver, were collected for further analysis.

Luciferase reporter assay
The 3’UTR region of BCL6 was cloned to the psiCHECK-2
vector, including luciferase reporter gene. BCL6 3’UTR was
amplified with primers of 5’-CCAGCCACAAGACCGT
CCAT-3′ and 5′-CTCCGCAGGTTTCGCATTT-3′ and
then inserted into the XhoI and NotI sites of the
psiCHECK-2 vector. A psiCHECK-2 construct containing
3’UTR of BCL6 with a mutated sequence of miR-339-5p
was also generated. All constructs were verified by DNA
sequencing. After that, psiCHECK-2-BCL6 3’UTR and
psiCHECK-2-mut-BCL6 3’UTR were co-transfected with
20 pmol miRNA-339-5p mimics or its negative control into
breast cancer cells using Lipofectamine 2000 as described
previously [15,17]. Firefly luciferase activity was normal-
ized to Renilla luciferase activity. All experiments were
performed in triplicate and repeated twice.

Statistical analyses
All statistical analyses were performed using SPSS software
for Windows (version 13.0; SPSS, Chicago, IL, USA).
Differences between groups were compared using Pearson’s
chi-square test for qualitative variables and Student’s
t-test for continuous variables. Kaplan-Meier curves
were constructed to determine patient relapse-free
survival (RFS) and overall survival (OS). The statistical
differences in survival among subgroups were compared
using the log-rank test. P value <0.05 was considered
statistically significant.
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Results
Increase in BCL6 expression in breast cancer cell lines
and tissues
Expression of BCL6 mRNA in breast cancer and non-
tumorigenic cell lines was analyzed by qRT-PCR and
the data showed levels of BCL6 mRNA were significantly
higher in breast cancer cell lines than in non-tumorigenic
mammary epidermal cells (P < 0.05; Figure 1a). Similarly,
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BCL6 mRNA level was also significantly higher than in
breast benign disease tissue specimens (P < 0.01; Figure 1b).
After that, we confirmed these data in additional co-
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situ hybridization and immunohistochemistry. As shown
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Table 1 Expression of BCL6 in breast cancer and benign
breast disease tissues

BCL6 mRNA BCL6 protein

Group n Positive, n (%) Positive, n (%)

Benign breast disease 50 5 (10.0)* 3 (6.0)*

Breast cancer 127 68 (53.5) 41 (32.3)

Note: * P <0.01.

Table 2 Association of BCL6 protein expression with
clinicopathological parameters from breast cancer
patients

Parameter n BCL6 protein

Positive, n (%) P value

Age (years)

≤ 35 6 2 (33.3) 0.253

35-55 84 31 (36.9)

> 55 37 8 (21.6)

Tumor size (cm)

≤ 2 44 7 (15.9) 0.004

>2 83 34 (41.0)

Lymph node metastasis

No 58 13 (22.4) 0.029

Yes 69 28 (40.6)

Grade

I 28 4 (14.3) 0.003

II 75 23 (30.7)

III 24 14 (58.3)

Stage

I 28 3 (10.7) 0.006

II - III 99 38 (38.4)

Estrogen receptor

Negative 56 22 (39.3) 0.134

Positive 71 19 (26.8)

Progesterone receptor

Negative 64 22 (34.4) 0.611

Positive 63 19 (30.2)

c-erbB-2

low 93 32 (34.4) 0.397

high 34 9 (26.5)

Ki67

≤50% 50 8 (16.0) 0.002

>50% 77 33 (42.9)

Values in bold are significant (P < 0.05).
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protein was significant higher in breast cancer tissues than
in breast benign disease tissues (both P < 0.01).

Association of BCL6 protein expression with
clinicopathological and survival data from breast
cancer patients
We then associated BCL6 expression with clinicopathologi-
cal features and survival of breast cancer patients and found
that expression of BCL6 protein was positively associated
with tumor size (P = 0.004), higher tumor grade (P = 0.003),
tumor lymph node metastasis (P = 0.029), advanced clinical
stages (P = 0.006) and Ki67 labeling index (P = 0.002) of
breast cancer (Table 2). Kaplan-Meier analyses showed
that patients with BCL6 protein-negative primary tumors
exhibited higher five-year overall and disease-free survivals
than patients with BCL6 protein-positive tumors (P = 0.026
and 0.029, respectively; Figure 1d).

Expression of BCL6 promoted breast cancer cell
proliferation, migration, and invasion, and inhibited
apoptosis in vitro
We assessed the effects of forced expression of BCL6 on
breast cancer cell growth, migration, and invasion in vitro.
Based on the expression levels of BCL6 in breast cancer
cell lines (Figure 1a), we therefore selected T47D and
MCF-7 cells as model cell lines for the loss-of-function and
gain-of-function analyses. BCL6 siRNA and cDNA was
transiently transfected into T47D and MCF-7 cells, respect-
ively. We observed that BCL6 siRNA decreased expression
of BCL6 in T47D cells (Additional file 2: Figure S1a),
whereas BCL6 cDNA transfection increased BCL6 ex-
pression in MCF-7 cells (Additional file 2: Figure S1b).
Expression of BCL6 protein promoted MCF-7 cell viability
(P < 0.01; Figure 2a, right), whereas depletion of BCL6
expression reduced T47D cell viability (P < 0.01; Figure 2a,
left). Wound healing assays showed that BCL6 depletion
leaded to slower closing of the scratch wounds in T47D
cells compared with the control vector-transfected cells
(Figure 2b, left). We also treated these cells with mitomy-
cin C to block cell mitosis, which therefore allowed us to
analyze cell migration in absence of cell proliferation. Our
data revealed that treatment with mitomycin C did not
affect the time course of wound closure, indicating that
the effect of BCL6 depletion on cell migration was not
dependent on cell proliferation (Figure 2b, right).
Furthermore, forced expression of BCL6 significantly
increased the G2/M phase population in MCF-7 cells, but
had more profound effect on G1 phase population with an
8.41% increase compared to the control (P < 0.01; Figure 2c).
The increased BCL6 expression significantly reduced apop-
tosis of MCF-7 cells, with a 6.72% decrease compared with
the control (P < 0.01; Figure 2d).
In addition, depletion of BCL6 expression signifi-

cantly decreased colony formation of T47D cells by 46.4%
compared to the control (P < 0.01; Figure 3a). In contrast,
forced BCL6 expression significantly increased colony
formation in MCF-7 by 30.0% compared to controls
(P < 0.01; Figure 3b).
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Figure 2 Effects of BCL6 on regulation of breast cancer cell phenotype. (a) Cell viability MTT assay. Cells were transiently transfected with
BCL6 siRNA vs. negative control (NC) or BCL6 cDNA vs. control vector (VEC), respectively and then seeded in 96-well plates (3 × 103 per well) and
grown for 4 days for MTT assay. (b) Wound healing assay. T47D cells were grown and transiently transfected with BCL6 siRNA or negative control
(NC), the wounded monolayers were cultured in the absence (left) or presence (right) of mitomycin C. (c) Flow cytometric analysis of cell cycle
distribution in MCF-7 cells after gene transfection. (d) Flow cytometric analysis of apoptosis in MCF-7 cells after gene transfection. The average of
apoptosis rate is presented as mean ± SD. All experiments were repeated at least three times. **P < 0.01.
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We next determined the potential impact of BCL6 on
breast cancer cell migration and invasion capacity. Due to
the weak invasive capacity of T74D cells, we choose another
cell line with relatively high expression of BCL6, MDA-
MB-453, to perform loss-of-function experiments in the
Figure 3 Effects of BCL6 expression on regulation of breast cancer co
assay. After gene transfection, cells were seeded in 0.35% top agarose and
counted after 14 days incubation. (b) Tumor cell migration and invasion as
BCL6 siRNA or negative control (NC) for 72 h. MCF-7 cells were grown and
Cells in the upper chamber were removed and those cells migrated to the lo
Transwell assay. The number of migrated MDA-MB-453
cells was reduced to 53.2% after transfection with BCL6
siRNA (P < 0.01; Figure 3c), and was 66.9% lower than
control cell for cell invasion (P < 0.01; Figure 3c). In
contrast, forced expression of BCL6 protein increased the
lony formation and migration and invasion capacity. (a) Soft agar
10% FBS in six-well plates in triplicate. The number of colonies was
say. MDA-MB-453 cells were grown and transiently transfected with
transiently transfected with BCL6 cDNA or vector-only (VEC) for 48 h.
wer layer of the inner chamber were stained and counted. **, P < 0.01.
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capacity of MCF-7 cell migration and invasion compared to
the control cells (P < 0.01; Figure 3c).

Expression of BCL6 promoted growth and invasiveness of
MCF-7 cells in nude mouse xenografts
To further determine the effect of BCL6 expression in
regulation of breast cancer proliferation and progression
in vivo, we injected MCF-7-VEC and MCF-7-BCL6 cells
orthotopically into the mammary fat pad of female BALB/c
nude mice, respectively. The data showed both groups of
cells formed palpable and measurable tumors, while MCF-
7-BCL6 cell xenografts were significantly larger than those
of MCF-7-VEC xenografts (P < 0.05; Figure 4a). Histology
of xenografts showed that tumors derived from MCF-7-
BCL6 cells were poorly encapsulated and highly invasive
(Figure 4b). Interestingly, tumor cell emboli were observed
in MCF-7-BCL6 xenografts but not in the control xeno-
grafts, suggesting that BCL6 expression potentially pro-
moted tumor cell invasion and metastasis (Figure 4b).
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Expression of BCL6 increased expression of CXCR4
and cyclinD1
Thus far, we have demonstrated the effects of BCL6 expres-
sion in breast cancer. We next determined the possible
underlying mechanism. In our study, we analyzed the ex-
pression levels of key genes involved in cell proliferation,
survival and metastasis [20-23] after transfection with
BCL6 cDNA or control by qRT-PCR and observed that ex-
pression of BCL6 increased cyclinD1 and CXCR4 mRNA
expression in MCF-7 cells (Figure 5a). Using western blot,
we confirmed that expression of cyclinD1 and CXCR4
protein was increased by transfection of BCL6 cDNA in
MCF-7 cells, while depletion of BCL6 expression decreased
their expression in T47D cells (Figure 5b), suggesting that
BCL6 might regulate expression of these oncogenes.

BCL6 is a direct target of miR-339-5p
Our previous study revealed that expression of BCL6 was
down-regulated by miR-339-5p [18]. To verify BCL6 as the
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ver 27 days. (b) Hematoxylin and eosin staining of tumor xenograft
odule of MCF-7-BCL6 cells (red arrow) compared to that of MCF-7-VEC
vessel (Magnification: ×200). *, P < 0.05; **, P < 0.01.
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bona fide target of miR-339-5p, qRT-PCR and western blot
analyses were performed to detect the expression levels of
BCL6 in breast caner cells transfected with either miR-339-
5p mimics or miR-339-5p ASO. Expression of miR-339-5p
resulted in substantial reduced levels of BCL6 mRNA and
protein in T47D cells, while depletion of miR-339-5p
expression using miR-339-5p ASO significantly increase
in levels of BCL6 mRNA and protein (Figure 6a). Bioinfor-
matic analysis utilized the algorithm of Targetscan [24]
showed that BCL6 mRNA contains a 3’-UTR element
complementary to the miR-339-5p binding site. Forced
expression of miR-339-5p reduced the activity of a lucifer-
ase reporter gene fused to the full length wild-type BCL6
3’UTR, indicating that miR-339-5p directly targets BCL6
(Figures 6b and c).
A previous study has reported that expression of miR-

339-5p inhibited breast cancer cell migration and inva-
sion [18]. We therefore proceeded to determine whether
BCL6 was involved in miR-339-5p-mediated cell migra-
tion and invasion. We first depleted BCL6 expression by
siRNA and co-transfected the cells with miR-339-5p
ASO and observed that depletion of BCL6 expression
significantly abrogated miR-339-5p ASO-induced tumor
cell migration and invasion, indicating that BCL6 plays a
critical role at the downstream of miR-339-5p (Figure 6d).

Discussion
In the current study, we first detected BCL6 expression
in breast cancer vs. breast benign disease tissue speci-
mens and found that levels of BCL6 mRNA and protein
were significant higher in breast cancer tissues than in
breast benign disease tissues. Expression of BCL6 protein
was associated with tumor size, lymph node metastasis,
advanced clinical stages, higher tumor grade and also Ki67
labeling index in breast cancer. Moreover, Kaplan-Meier
analyses showed the association of BCL6 protein expression
with poor overall and relapse-free survivals of patients.
After that, we assessed the effects of forced expression or
depletion of BCL6 protein on breast cancer cell viability,
apoptosis, migration, invasion and gene expression in vitro
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and in nude mice. We found that expression of BCL6 in-
creased tumor cell viability, migration, invasion, and sur-
vival as well as expression of cyclinD1, and CXCR4 in vitro.
BCL6 expression also induced formation and growth of xe-
nografts in nude mice. The bioinformatic analysis and lucif-
erase assay showed that BCL6 expression could be directly
targeted by miR-339-5p. In conclusion, our current study
demonstrated that the reduced miR-339-5p expression
[our previous data (ref)] promoted BCL6 expression, which
in turn induces cyclinD1 and CXCR4 expression for in-
duction of breast cancer cell proliferation and invasion.
Future studies will investigate whether target of BCL6
expression could be useful as a novel therapeutic strategy
for breast cancer.
Clinically, patients with early stage breast cancer have

relatively high survival rates, but most of breast cancer
still progress unnoticeably and lead to 30% of patients
relapse with a distant metastatic disease [25]. For past
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several decades, numbers of biomarkers, including human
epidermal growth factor receptor 2 (HER-2/neu), estrogen
receptor (ER) and progesterone receptor (PR), have been
identified and routinely used in clinic to predict prognosis
and therapeutic response of the patients [26,27]. In the
current study, we showed BCL6 as a potential biomarker
to predict overall and disease-free survival of breast cancer
patients. Indeed, BCL6 protein has been comprehensively
accepted to play a role in supporting hematologic cell neo-
plastic transformation. Overexpression of BCL6 has been
observed in 40% of DLBCL [28], 14% of follicular lymph-
omas [29], and 48% of nodular lymphocyte-predominant
Hodgkin lymphomas [30]. BCL6 expression has also been
observed in skin squamous cell carcinoma [9], neuroblast-
oma [10], melanoma [31], and breast cancer [12-14]. In
breast cancer, Logarajah et al. showed that BCL6 protein
was expressed in most of histologically high-grade ductal
breast carcinoma compared with low-grade tumors [12].
Bos et al. reported that expression of BCL6 protein was
significantly higher in breast cancer than in normal breast
tissues [13]. Another most recent study showed that high
expression of BCL6 protein associated with unfavorable
clinical outcome of ER-positive and premenopausal breast
cancer patients [32]. Our current data are consistent with
these published studies [12,13] by confirmed the onco-
genic effect of BCL6 in breast cancer, similar to those in
hematologic malignancies.
However, Pinto et al. showed that expression of BCL6

protein was significantly down-regulated in metastatic
lymph nodes than in the corresponding primary breast
cancer [14]. The reason for this discrepancy is unknown,
but led us to studying the effects of BCL6 on breast cancer
cell lines. Using gain and loss-of-function approaches, our
in vitro data demonstrated that expression of BCL6 did en-
hance breast cancer cell viability, anchorage-independent
growth, migration, and invasion capacity. Concordantly,
expression of BCL6 promoted low-invasive MCF-7 cell
growth and invasiveness in vivo. These data demonstrated
that BCL6 is an oncogene or has oncogenic effects on
breast cancer cells. These data were consistent with a
previous study showing that BCL6 expression prevented a
mammary epithelial cell line to form the ducts and apop-
tosis [12]. However, it remains unknown how BCL6 con-
tribute to breast cancer development or progression.
Thus, we then explored the underlying molecular events.

CXCR4 has been identified as an important chemokine
receptor in regulating cell migration, invasion and me-
tastasis in breast cancer [23]. CyclinD1 is an essential
cell cycle regulator for progression through G1 phase and
is a candidate proto-oncogene [33]. We analyzed expression
of CXCR4 and cyclinD1 in BCL6 expressed or knocked
down breast cancer cell lines and found that expression of
these genes was all up-regulated by BCL6 expression.
Moreover, our previous study revealed that expression of
BCL6 was regulated by miR-339-5p [18], but it was un-
clear whether BCL6 is a direct target gene of miR-339-5p.
Our luciferase assay indeed confirmed that BCL6 is the
target gene of miR-339-5p. miRNAs are a class of non-
protein-coding RNAs and possess an important function
in regulation of gene expression [34]. By regulating their
target mRNAs for direct degradation or inhibition of trans-
lation, miRNAs play important roles in many biological
processes and altered miRNA expression contributes
to cancer development and progression [34]. miR-339-5p
has been implicated in regulation of cell proliferation, mi-
gration and invasion in different cancers [18,35]. Although
miR-339-5p may target different genes, BCL6 is definitely
one of them. Our current data on manipulating miR-339-5p
expression did alter effects of BCL6 on breast cancer cells.

Conclusions
Our current study demonstrated that high expression of
BCL6 associated with tumor size, lymph node metastasis,
advanced clinical stages, higher tumor grade, and Ki67
labeling index as well as poor prognosis of breast cancer.
Manipulation of BCL6 expression using the gain and loss
of function approaches affected breast cancer cell viability,
apoptosis, migration, invasion and gene expression in vitro
and in nude mice. At the gene level, BCL6 induced CXCR4
and cyclinD1 expression and BCL6 is the target gene of
miRNA, miR-339-5p. Future studies will further investigate
the underlying molecular mechanisms by which BCL6 is
overexpressed in breast cancer and BCL6 expression con-
tributes to breast cancer progression. In addition, we will
also determine whether BCL6 is a potential biomarker for
prediction of breast cancer prognosis or as a therapeutic
target for breast cancer patients.
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BCL6.**, P< 0.01.

Abbreviations
ASO: Antisense oligonucleotide; CDK2: Cyclin-dependent kinase 2;
CDK4: Cyclin-dependent kinase 4; ERα: Estrogen receptor alpha;
GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; HER2: Human
epidermal growth factor receptor; ISH: in situ hybridization;
IHC: Immunohistochemistry; MMP2: Matrix metallopeptidase 2; MMP9: Matrix
metallopeptidase 9; OS: Overall survival; PBS: Phosphate-buffered saline;
qRT-PCR: Quantitative reverse transcription polymerase chain reaction;
RFS: Relapse free survival; siRNA: Small interfering RNA; TERT: Telomerase
reverse transcriptase; VIM: Vimentin; VEGF: Vascular endothelial growth factor.

Competing interests
The author’s declare that they have no competing interests.

http://www.biomedcentral.com/content/supplementary/1471-2407-14-418-S1.doc
http://www.biomedcentral.com/content/supplementary/1471-2407-14-418-S2.ppt


Wu et al. BMC Cancer 2014, 14:418 Page 12 of 12
http://www.biomedcentral.com/1471-2407/14/418
Authors’ contributions
QW, XL, HY, YHH, SY, XWC, GLZ and XJK performed experiments and
summarized the data; WYW, XNW, ZT, PEL, and ZSW designed experiments;
XCX and ZSW drafted the manuscript and critically discussed the data and
manuscript; all authors have read and approved the final manuscript.

Acknowledgements
This work was supported in part by grants from the National Nature Science
Foundation of China (#81101597, 81172533, 81272925, and 81372476),
National Key Scientific Program of China (#2012CB934002,) and the Scientific
Research of BSKY (#XJ201225) and the Program for Excellent Talents from
Anhui Medical University.

Author details
1Department of Pathology, Anhui Medical University, Hefei, Anhui, China.
2Department of Emergency Surgery, The First Affiliated Hospital, Bengbu
Medical University, Anhui, Bengbu, China. 3Department of General Surgery,
The First Affiliated Hospital, Anhui Medical University, Hefei, Anhui, China.
4School of Life Science, Chinese University of Science and Technology, Hefei,
Anhui, China. 5Department of Clinical Cancer Prevention, The University of
Texas MD Anderson Cancer Center, Houston, Texas, USA. 6Cancer Science
Institute of Singapore and Department of Pharmacology, National University
of Singapore, Singapore, Singapore.

Received: 14 January 2014 Accepted: 4 June 2014
Published: 10 June 2014

References
1. Siegel R, Naishadham D, Jemal A: Cancer statistics, 2013. CA Cancer J Clin

2013, 63:11–30.
2. Hanahan D, Weinberg RA: Hallmarks of cancer: the next generation. Cell

2011, 144:646–674.
3. Chang CC, Ye BH, Chaganti RS, Dalla-Favera R: BCL-6, a POZ/zinc-finger

protein, is a sequence-specific transcriptional repressor. Proc Natl Acad Sci
U S A 1996, 93:6947–6952.

4. Jardin F, Ruminy P, Bastard C, Tilly H: The BCL6 proto-oncogene: a leading
role during germinal center development and lymphomagenesis. Pathol
Biol (Paris) 2007, 55:73–83.

5. Duan S, Cermak L, Pagan JK, Rossi M, Martinengo C, di Celle PF, Chapuy B,
Shipp M, Chiarle R, Pagano M: FBXO11 targets BCL6 for degradation and
is inactivated in diffuse large B-cell lymphomas. Nature 2012, 481:90–93.

6. Pasqualucci L, Bereshchenko O, Niu H, Klein U, Basso K, Guglielmino R,
Cattoretti G, Dalla-Favera R: Molecular pathogenesis of non-Hodgkin’s
lymphoma: the role of Bcl-6. Leuk Lymphoma 2003, 44(Suppl 3):S5–S12.

7. Ye BH: BCL-6 in the pathogenesis of non-Hodgkin’s lymphoma. Cancer
Invest 2000, 18:356–365.

8. Shvarts A, Brummelkamp TR, Scheeren F, Koh E, Daley GQ, Spits H, Bernards
R: A senescence rescue screen identifies BCL6 as an inhibitor of
anti-proliferative p19(ARF)-p53 signaling. Genes Dev 2002, 16:681–686.

9. Kanazawa N, Moriyama M, Onizuka T, Sugawara K, Mori S: Expression of bcl-6
protein in normal skin and epidermal neoplasms. Pathol Int 1997, 47:600–607.

10. Chamdin A, Jarzembowski JA, Subramanian C, Kuick R, Lee JS, Kwok RP,
Castle VP, Opipari AW: Bcl6 is expressed in neuroblastoma: tumor cell
type-specific expression predicts outcome. Transl Oncol 2009, 2:128–137.

11. Bajalica-Lagercrantz S, Piehl F, Farnebo F, Larsson C, Lagercrantz J:
Expression of the BCL6 gene in the pre- and postnatal mouse. Biochem
Biophys Res Commun 1998, 247:357–360.

12. Logarajah S, Hunter P, Kraman M, Steele D, Lakhani S, Bobrow L, Venkitaraman
A, Wagner S: BCL-6 is expressed in breast cancer and prevents mammary
epithelial differentiation. Oncogene 2003, 22:5572–5578.

13. Bos R, van Diest PJ, van der Groep P, Greijer AE, Hermsen MA, Heijnen I,
Meijer GA, Baak JP, Pinedo HM, van der Wall E, Shvarts A: Protein
expression of B-cell lymphoma gene 6 (BCL-6) in invasive breast cancer
is associated with cyclin D1 and hypoxia-inducible factor-1alpha
(HIF-1alpha). Oncogene 2003, 22:8948–8951.

14. Pinto AE, Andre S, Silva G, Vieira S, Santos AC, Dias S, Soares J: BCL-6
oncoprotein in breast cancer: loss of expression in disease progression.
Pathobiology 2009, 76:235–242.

15. Wu ZS, Wu Q, Wang CQ, Wang XN, Huang J, Zhao JJ, Mao SS, Zhang GH, Xu XC,
Zhang N:miR-340 inhibition of breast cancer cell migration and invasion
through targeting of oncoprotein c-Met. Cancer 2011, 117:2842–2852.
16. Wu ZS, Yang K, Wan Y, Qian PX, Perry JK, Chiesa J, Mertani HC, Zhu T, Lobie
PE: Tumor expression of human growth hormone and human prolactin
predict a worse survival outcome in patients with mammary or
endometrial carcinoma. J Clin Endocrinol Metab 2011, 96:E1619–E1629.

17. Wu ZS, Wang CQ, Xiang R, Liu X, Ye S, Yang XQ, Zhang GH, Xu XC, Zhu T,
Wu Q: Loss of miR-133a expression associated with poor survival of
breast cancer and restoration of miR-133a expression inhibited breast
cancer cell growth and invasion. BMC Cancer 2012, 12:51.

18. Wu ZS, Wu Q, Wang CQ, Wang XN, Wang Y, Zhao JJ, Mao SS, Zhang GH,
Zhang N, Xu XC: MiR-339-5p inhibits breast cancer cell migration and
invasion in vitro and may be a potential biomarker for breast cancer
prognosis. BMC Cancer 2010, 10:542.

19. Banerjee A, Wu ZS, Qian P, Kang J, Pandey V, Liu DX, Zhu T, Lobie PE:
ARTEMIN synergizes with TWIST1 to promote metastasis and poor
survival outcome in patients with ER negative mammary carcinoma.
Breast Cancer Res 2011, 13:R112.

20. Dai M, Al-Odaini AA, Fils-Aime N, Villatoro MA, Guo J, Arakelian A, Rabbani SA, Ali
S, Lebrun JJ: Cyclin D1 cooperates with p21 to regulate TGFbeta-mediated
breast cancer cell migration and tumor local invasion. Breast Cancer Res 2013,
15:R49.

21. Mukherjee D, Zhao J: The Role of chemokine receptor CXCR4 in breast
cancer metastasis. Am J Cancer Res 2013, 3:46–57.

22. Xu TP, Shen H, Liu LX, Shu YQ: The impact of chemokine receptor CXCR4 on
breast cancer prognosis: A meta-analysis. Cancer Epidemiol 2013, 37:725–731.

23. Zhu S, Mott RT, Fry EA, Taneja P, Kulik G, Sui G, Inoue K: Cooperation
between Dmp1 Loss and Cyclin D1 Overexpression in Breast Cancer. Am
J Pathol 2013, 183:1339–1350.

24. Lewis BP, Burge CB, Bartel DP: Conserved seed pairing, often flanked by
adenosines, indicates that thousands of human genes are microRNA
targets. Cell 2005, 120:15–20.

25. Clarke M, Collins R, Darby S, Davies C, Elphinstone P, Evans E, Godwin J,
Gray R, Hicks C, James S, MacKinnon E, McGale P, McHugh T, Peto R, Taylor
C, Wang Y: Effects of chemotherapy and hormonal therapy for early
breast cancer on recurrence and 15-year survival: an overview of the
randomised trials. Lancet 2005, 365:1687–1717.

26. Anderson WF, Chatterjee N, Ershler WB, Brawley OW: Estrogen receptor
breast cancer phenotypes in the Surveillance, Epidemiology, and End
Results database. Breast Cancer Res Treat 2002, 76:27–36.

27. Payne SJ, Bowen RL, Jones JL, Wells CA: Predictive markers in breast
cancer–the present. Histopathology 2008, 52:82–90.

28. Lossos IS, Jones CD, Warnke R, Natkunam Y, Kaizer H, Zehnder JL, Tibshirani
R, Levy R: Expression of a single gene, BCL-6, strongly predicts survival in
patients with diffuse large B-cell lymphoma. Blood 2001, 98:945–951.

29. Migliazza A, Martinotti S, Chen W, Fusco C, Ye BH, Knowles DM, Offit K,
Chaganti RS, Dalla-Favera R: Frequent somatic hypermutation of the 5′
noncoding region of the BCL6 gene in B-cell lymphoma. Proc Natl Acad
Sci U S A 1995, 92:12520–12524.

30. Wlodarska I, Nooyen P, Maes B, Martin-Subero JI, Siebert R, Pauwels P, De
Wolf-Peeters C, Hagemeijer A: Frequent occurrence of BCL6 rearrangements
in nodular lymphocyte predominance Hodgkin lymphoma but not in
classical Hodgkin lymphoma. Blood 2003, 101:706–710.

31. Alonso SR, Ortiz P, Pollan M, Perez-Gomez B, Sanchez L, Acuna MJ, Pajares R,
Martinez-Tello FJ, Hortelano CM, Piris MA, Rodriguez-Peralto JL: Progression
in cutaneous malignant melanoma is associated with distinct expression
profiles: a tissue microarray-based study. Am J Pathol 2004, 164:193–203.

32. Sato T, Tran TH, Peck AR, Girondo MA, Liu C, Goodman CR, Neilson LM,
Freydin B, Chervoneva I, Hyslop T, Kovatich AJ, Hooke JA, Shriver CD, Fuchs
SY, Rui H: Prolactin suppresses a progestin-induced CK5-positive cell
population in luminal breast cancer through inhibition of progestin-driven
BCL6 expression. Oncogene 2013, 33:2215–2224.

33. Kim JK, Diehl JA: Nuclear cyclin D1: an oncogenic driver in human cancer.
J Cell Physiol 2009, 220:292–296.

34. Bartel DP: MicroRNAs: target recognition and regulatory functions. Cell
2009, 136:215–233.

35. Zhou C, Liu G, Wang L, Lu Y, Yuan L, Zheng L, Chen F, Peng F, Li X:
MiR-339-5p regulates the growth, colony formation and metastasis of
colorectal cancer cells by targeting PRL-1. PLoS One 2013, 8:e63142.

doi:10.1186/1471-2407-14-418
Cite this article as: Wu et al.: B-cell lymphoma 6 protein stimulates
oncogenicity of human breast cancer cells. BMC Cancer 2014 14:418.


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Cell lines and culture
	Breast tissue specimens
	In situ hybridization and immunohistochemistry
	Plasmid constructions and generation of stable BCL6-expressing cell lines
	Transfection of siRNA and miRNA
	RNA isolation and quantitative polymerase chain reaction
	Protein extraction and Western blot
	Assays for cell phenotypic changes
	Flow cytometry assay
	Nude mouse breast cancer cell xenograft assay
	Luciferase reporter assay
	Statistical analyses

	Results
	Increase in BCL6 expression in breast cancer cell lines and tissues
	Association of BCL6 protein expression with clinicopathological and survival data from breast cancer patients
	Expression of BCL6 promoted breast cancer cell proliferation, migration, and invasion, and inhibited apoptosis in�vitro
	Expression of BCL6 promoted growth and invasiveness of MCF-7 cells in nude mouse xenografts
	Expression of BCL6 increased expression of CXCR4 and cyclinD1
	BCL6 is a direct target of miR-339-5p

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Author details
	References

