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Botulinum neurotoxin type A inhibits synaptic vesicle 2 
expression in breast cancer cell lines
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Abstract: Aim: It is known that botulinum neurotoxin type A (BoNTA) improves some kinds of cancer (e.g. prostate) 
and that synaptic vesicle glycoprotein 2 (SV2) is the molecular target of this neurotoxin. Besides having potential 
therapeutic value, this glycoprotein has recently been proposed as a molecular marker for several types of cancer. 
Although the mechanisms of cancer development and the improvement found with botulinum treatment are not 
well understood, the formation of the botulinum-SV2 complex may influence the presence and distribution of SV2 
and the function of vesicles. To date, there are no reports on the possible effect of botulinum on breast cancer of 
unknown causes, which have a great impact on women’s health. Thus we determined the presence of SV2 in three 
breast cancer cell lines and the alterations found with botulinum application. Materials and methods: With and 
without adding 10 units of botulinum, SV2 protein expression was determined by optical densitometry in T47D, 
MDA-MB-231 and MDA-MB-453 cell lines and the distribution of SV2 was observed with immunochemistry (hema-
toxylin staining). Results: The SV2 protein was abundant in the cancer cells herein tested, and maximally so in T47D. 
In all three cancer cell lines botulinum diminished SV2 expression, which was found mostly in the cell periphery. 
Conclusion: SV2 could be a molecular marker in breast cancer. Its expression and distribution is regulated by botu-
linum, suggesting an interesting control mechanism for SV2 expression and a possible alternative therapy. Further 
studies are needed in this sense.
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Introduction

For women, breast cancer (BCa) is the most 
prevalent oncological disease worldwide. Of 
the mechanisms that lead to the development 
of cancer and its capacity to evade the immune 
response, the modification of molecular expres-
sion patterns is fundamental. In this sense, 
vesicle trafficking may play an important role in 
the molecular expression on the surface of can-
cer cells, and therefore could influence the 
regulation of transduction that results in the 
evasion of apoptosis [1-5].

The presence of secretory vesicles is charac-
teristic of synaptic, gastric, pancreatic, adrenal 
and prostatic cells [6-13]. Synaptic vesicular 
receptors (SVs) play an important role in exocy-

tosis and the secretory process in both synaptic 
and endocrine cells [5, 8, 14]. In particular, syn-
aptic vesicle glycoprotein 2A (SV2A), the major 
glycoprotein with 12 transmembrane domains 
within the SV2 family, is known to be critical for 
regulating exocytosis [6].

In cancer cells this protein tends to be overex-
pressed [7, 9, 10, 15]. Although the importance 
of the SV receptor is evidenced by its binding to 
neurotransmitters, drugs and neurotoxins [7], 
its role is not clear in breast or cancer cells. 
However, this receptor has been increasingly 
used over recent years as a molecular marker 
of cancer in organs other than the breast [15, 
16].

SV2 and synaptotagmin have been identified as 
the receptors for various serotypes of botuli-
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num neurotoxins (BoNTs), which are highly poi-
sonous two-chain bacterial protein toxins. SV2 
and synaptotagmin have been identified as the 
receptors for various serotypes of botulinum 
neurotoxins (BoNTs), which are highly poison-
ous two-chain bacterial protein toxins [17].
Botulinum neurotoxin type A (BoNTA) and B 
(BoNTB) cause the disease denominated botu-
lism. These toxins act rapidly and in a highly 
specific manner to block neurotransmitter 
release by cleaving the soluble N-ethylma- 
leimide-sensitive factor attachment receptor 
(SNARE) complex at neuromuscular junctions 
[18].

SV2A is the receptor for BoNTA, the most impor-
tant serotype of BoNTs [18-21]. BoNTA in thera-
peutic doses improves certain disorders such 
as epilepsy and cancer in a more specific man-
ner than previous treatments. This neurotoxin 
is known to induce apoptosis [2, 9, 22-25]. 
BoNTA has been successfully used in the treat-
ment of refractory detrusor overactivity [13]. It 
is internalized after binding to a high-affinity 
SV2 receptor, which is exposed on the cell 
membrane during exocytosis. In the cytoplasm, 
BoNTA cleaves specific sites of synaptosomal-
associated protein 25 (SNAP-25), preventing 
the assembly of the synaptic fusion complex 
SNARE and blocking exocytosis [5, 26-28]. In 
this way, BoNTA inhibits the growth of LNCaP 
human prostate cancer cells in vitro and in vivo 
[7].

Tumor formation involves the accumulation of 
genetic alterations, including mutations that 
either inactivate tumor suppressor genes or 
activate proto-onco-genes as well as epigenetic 
changes in gene expression. Although the exact 
underlying mechanism is still unknown, malig-
nant transformation seems to be associated 
with a greater release of extracellular vesicles 
[29-37]. In general, the molecular composition 
of each extracellular vesicle closely mimics the 
parental cell or tissue and contains growth fac-
tors, receptors, proteases, adhesion mole-
cules, proteins and lipids.

Since it is still not clear how the BoNTA/SV2 
complex is formed, internalized and distributed 
in BCa cells, the aim of the present study was 
to evaluate SV2 expression and explore its 
location in three cell lines of this disease. 
Additionally, we sought to define possible 
mechanisms for the regulation of SV2 by BoNTA 
and assess the potential of this receptor as a 

molecular marker for BCa detection and as a 
target for therapy.

Materials and methods

Cell culture

MCF-10A, MDA-MB-231, MDA-MB-453 and 
T47D cell lines were donated by the Instituto 
Nacional de Cancerología, Secretaría de Salud 
in Mexico City. The MDA-MB-231 and MDA-
MB-453 cell lines were cultured with DMEM 
(Sigma) and the T47D cell line with RPMI (Gibco). 
All culture media were supplemented with 5% 
bovine fetal serum and 1% antibiotic/antimy-
cotic solution, and cells were incubated at 37°C 
with 5% CO2 atmosphere. Every four days the 
cells were washed with sterile PBS and fresh 
medium was added, a procedure that was fol-
lowed until 90% confluence was reached.

Botulinum neurotoxin type A (BoNTA) and de-
velopmental treatment

An injectable therapeutic agent containing 4.8 
ng of Clostridium botulinum neurotoxin com-
plex A (BoNTA) per vial of 100 units (Allergan, 
Inc., Markham, Ontario, Canada) was freshly 
reconstituted in sterile 0.9% saline solution 
less than 2 h before each use (stored at 4°C). 
The confluent cells were further cultured in 
quadruplicate for 24 h in Lab Tech growth 
chambers. For the experimental group, the 
change of medium every four days contained 
10 units of freshly reconstituted BoNTA. For  
the control cells, there was only a change of 
medium.

Immunocytochemistry

All cells were subsequently fixed with 2% para-
formaldehyde and 0.1 M PBS (pH 7.4) during 2 
h, followed by three PBS washings. Cells were 
permeabilized in blocking solution prior to incu-
bation. For immunofluorescence, the primary 
anti-SV2 antibody (polyclonal antibody, Santa 
Cruz Biotechnology, Inc.) (1:100) was incubated 
overnight, and afterwards the complexes were 
revealed with avidin-biotin (1:300) for 30 min-
utes and then cells were washed three times 
with PBS. Later 0.02 mL of diaminobencyne 
was added as chromogen (DakoCytomation, 
CA, USA), cells were contrasted with hematoxy-
lin, and Tissue-Tek O.C.T. 4583 compound 
(Sakura Finetek, Inc., USA) was added accord-
ing to the manufacturer’s protocol. Images 
were captured with an inverted Olympus MIC-D 
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Figure 1. Effect of BoNTA on SV2 protein expression in BCA cells. A. Microcopy observations. The same fields were 
assayed by both hematoxylin and immunocytochemistry stains for control cells (light field) and BoNTA-treated cells 
(dark field). B. Relative optical densitometry of the presence of SV2. Two-way analysis of variance with P = 0.001 
for treatments and P = 0.004 for cell lines. All pairwise multiple comparison procedures were carried out with the 
Holm-Sidak method (overall significance level = 0.05).
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digital microscope with phase contrast, a 40× 
objective lens, and an imaging acquisition sys-
tem. The images were analyzed with Axion 
Vision LE software.

Statistics

Densitometric values of SV2 were determined 
and compared by two-way ANOVA based on a 
univariate general lineal model and then plot-
ted. Statistical analysis was performed with 
SPSS v15 for Windows XP (SPSS, UK, Ltd, 

Woking, UK). P < 0.05 was regarded as signi- 
ficant.

Results

SV2 expression and location

SV2 protein expression, evaluated by immuno-
cytochemistry and optical densitometry, was 
found in the cytoplasm of all three BCa cell 
lines (Figure 1A, control panel). Compared to 
the MCF-10A line, the TD47, MDA-MB-231 and 

Figure 2. STRING interaction network showing the association between differentially expressed proteins. The inter-
action map was generated using default settings (medium confidence of 0.4 and 7 criteria for linkage: activation, 
inhibition, binding, phenotype, catalysis, post-translational modification, reaction, expression). Interactions are rep-
resented as follows: binding in blue, post-translational modification in pink, reaction in black, and other evidence 
(text mining, database and experimental) in light blue.
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MDA-MB-453 lines showed 29.9-, 9.4- and 
63.7-fold greater (respectively) line-optical den-
sity for SV2 (Figure 1B). This difference was 
notable when comparing immunocytochemis-
try pictures (Figure 1A, dark field, below in con-
trol and BoNTA panels) with hematoxylin pic-
tures (Figure 1A, light field, above in control 
and BoNTA panels). In this comparison it is 
clear that the SV2 protein is widely distributed 
in the cytoplasm and not in the nucleus (stained 
with hematoxylin). The effect of BoNTA in BCa 
cell lines was the depletion by 88.8, 64.6 and 
63.7% of SV2 expression in the TD47, MDA-
MB-231 and MDA-MB-453 lines, respectively 
(Figure 1A and 1B, BoNTA panel). Its distribu-
tion tended to be on the membrane and in the 
periphery of the cytoplasm.

Protein network analysis

STRING network analysis of protein-protein 
interactions was performed to identify func-
tionally linked proteins and determine the 
potential biological processes affected [PMID: 
12519996]. The network is presented under 
confidence view, whereby stronger associa-
tions are represented by thicker lines or edges 
and vice versa, and proteins are represented 
as nodes. All gene symbols were derived from 
the HUGO Gene Nomenclature Committee 
(HGNC) (http://www.genenames.org). Figure 2 
shows the main interactions and additional 
interactions between 33 identified proteins. 
There is a relationship between laminin pro-
teins and SV2A.

The extracellular matrix (ECM) consists of a 
complex mixture of structural and functional 
molecules such as laminin proteins. Specific 
interactions between cells and the ECM are 
mediated by transmembrane molecules, main-
ly integrins and proteoglycans, such as SV2 
proteins or other components associated with 
the cell surface [PMID: 10617638]. Through 
these interactions there is direct or indirect 
control of cellular activities, including adhesion, 

of neuroblastoma. Table 1 provides molecular 
function information.

Discussion

BCa tumors are a cumulus of cells with modi-
fied ontogeny that show a certain degree of 
transdifferentiation. Some cells of BCa lines 
transdifferentiate into neural/glial-like cells 
and show neural-like molecular markers such 
as SV2, a protein characteristic of neurons. In 
breast cells SV2 could be associated with the 
secretory nature of mammary glands, and may 
interact with other vesicle proteins such as syn-
aptobrevin, which is essential for secretion but 
not for the development of the synaptic 
process.

Little is known about the role of SV2 in BCa, 
although there are reports on its proposed role 
in other types of cancer [5, 7-12, 36] as a 
molecular and transdifferentiation marker of 
neural nature [36, 37]. The SV2 membrane 
receptor binds to neurotransmitters, drugs and 
neurotoxins. One of the neurotoxins to which it 
binds is BoNTA, forming the BoNTA-SV2 com-
plex. After translocation to the cytoplasm, 
BoNTA cleaves specific sites of synaptosomal-
associated protein 25 (SNAP-25), preventing 
the assembly of the synaptic fusion complex 
SNARE and thus blocking exocytosis [5, 8, 26, 
27]. BoNTA in therapeutic doses is known to 
improve certain conditions such as epilepsy 
and cancer, and does so in a more specific 
manner than some other treatments [7-9, 13, 
22-25], in part by inducing apoptosis [2].

In the present study, SV2 was not present in 
control breast cells (MCF-10A), but it was abun-
dant in BCa cells (T47D, MDA-MB-231 and 
MDA-MB-453), mainly in the cytoplasm and 
membrane where SV2 plays an important role 
in exocytosis and the secretory process of  
synaptic and endocrine cells [5, 8, 14]. BoNTA 
treatment reduced the expression of the SV2 
protein in BCa lines, especially in the interior of 

Table 1. Molecular function
Term P-value Number
Structural molecular activity 9.36e-5 10
Glycosphingolipid 6.50e-4 3
Sphingolipid binding 2.20e-3 3
Glycolipid 6.52e-3 3
Extracellular matrix structural constituent 7.44e-3 4

migration, differentiation, prolif-
eration and apoptosis. Regarding 
the formation of cancerous cells, 
the NBL1 protein plays an impor-
tant role in preventing cells from 
entering the final stage (G1/S)  
of the transformation process 
[PMID: 11984879] and possibly 
acts as a tumor suppressor gene 
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the cytoplasm. SV2 expression continued in the 
periphery of the cytoplasm and on the cell 
membrane. The fact that the SV2 signal tends 
to disappear discards the possibility of an accu-
mulation of the BoNTA/SV2 complex. Thus, 
there is evidence of a continuing presence of 
the BoNTA/SV2 complex or SV2 alone in the 
membrane region, the blocking of the signaling 
cascade and the resulting inhibition of the 
translation of SV2 and the formation of vesi-
cles. Further research is required in regard to 
these events.

The improvement in health resulting from ther-
apeutic doses of BoNTA in certain disorders, 
including epilepsy and cancer [2, 9, 22-25], 
may be attributable to the disassembly of 
secretion vesicles mediated by a decrease in 
SV2. Since exocytosis plays an important role 
in regulating external messenger interactions 
and internal signaling, it is possible that in can-
cerous tumors SV2 promotes the cellular mech-
anism of antigen processing and presentation 
in order to evade the immune system [3, 4, 38, 
39]. In cancer SV2 may also be involved in the 
regulation of membrane markers, transdiffer-
entiation [37] and tumor angiogenesis, as well 
as in the inhibition of apoptosis [1].

In conclusion, there are many reasons to con-
tinue studying the BoNTA-SV2 interaction in 
relation to BCa. SV2 is already used as a molec-
ular marker in certain cases of cancer [37]. It is 
known that SV2 is overexpressed on some can-
cer cells, that BoNTA administration leads to an 
improvement in some kinds of cancer, and that 
SV2 is the receptor target for BoNTA. The pos-
sible anti-tumor effect of BoNTA in cases of 
malignancy may be due to its internalization by 
SV2 and the possible interruption of vesicle 
function. This may explain the known anti-prolif-
erative, pro-apoptotic and chemodenervation 
functions of BoNTA in prostate cancer [2, 7, 14, 
22]. BoNTA could possibly have these same 
functions in BCa. Further studies on the expres-
sion patterns of SV2 could possibly allow for a 
fuller understanding of the BoNTA-SV2 complex 
and its effect on cancer cells.
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