
See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/283729582

Tagging staphylococcal enterotoxin B (SEB) with TGFaL3 for breast cancer

therapy

Article  in  Tumor Biology · November 2015

DOI: 10.1007/s13277-015-4334-x

CITATIONS

6
READS

243

7 authors, including:

Some of the authors of this publication are also working on these related projects:

Fabrication of Ceramic/gelatin conduit and application in Sciatic nerve repair in animal model View project

Comparison of cyp141 and IS6110 for detection of Mycobacterium tuberculosis from clinical specimens by PCR View project

Seyed Davar Siadat

Pasteur Institute of Iran

339 PUBLICATIONS   1,468 CITATIONS   

SEE PROFILE

Alireza Azizi Saraji

Faculty of Medical Sciences, Tarbiat Modares University, Tehran, Iran.

23 PUBLICATIONS   115 CITATIONS   

SEE PROFILE

Saeed Hesaraki

Islamic Azad University Tehran Science and Research Branch

32 PUBLICATIONS   110 CITATIONS   

SEE PROFILE

Mehdi Aslani

Pasteur Institute of Iran

101 PUBLICATIONS   954 CITATIONS   

SEE PROFILE

All content following this page was uploaded by Abbas Ali Imani Fooladi on 04 January 2016.

The user has requested enhancement of the downloaded file.

https://www.researchgate.net/publication/283729582_Tagging_staphylococcal_enterotoxin_B_SEB_with_TGFaL3_for_breast_cancer_therapy?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_2&_esc=publicationCoverPdf
https://www.researchgate.net/publication/283729582_Tagging_staphylococcal_enterotoxin_B_SEB_with_TGFaL3_for_breast_cancer_therapy?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_3&_esc=publicationCoverPdf
https://www.researchgate.net/project/Fabrication-of-Ceramic-gelatin-conduit-and-application-in-Sciatic-nerve-repair-in-animal-model?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/project/Comparison-of-cyp141-and-IS6110-for-detection-of-Mycobacterium-tuberculosis-from-clinical-specimens-by-PCR?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_9&_esc=publicationCoverPdf
https://www.researchgate.net/?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_1&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Seyed_Davar_Siadat?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Seyed_Davar_Siadat?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Pasteur_Institute_of_Iran?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Seyed_Davar_Siadat?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alireza_Azizi_Saraji?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alireza_Azizi_Saraji?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Alireza_Azizi_Saraji?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Saeed_Hesaraki?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Saeed_Hesaraki?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Islamic_Azad_University_Tehran_Science_and_Research_Branch?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Saeed_Hesaraki?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mehdi_Aslani2?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_4&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mehdi_Aslani2?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_5&_esc=publicationCoverPdf
https://www.researchgate.net/institution/Pasteur_Institute_of_Iran?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_6&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Mehdi_Aslani2?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_7&_esc=publicationCoverPdf
https://www.researchgate.net/profile/Abbas_Ali_Imani_Fooladi?enrichId=rgreq-fe59ac17e8caf3519ede4612df332529-XXX&enrichSource=Y292ZXJQYWdlOzI4MzcyOTU4MjtBUzozMTQxNTA1MjQyNjAzNTJAMTQ1MTkxMDcyOTI2OQ%3D%3D&el=1_x_10&_esc=publicationCoverPdf


ORIGINAL ARTICLE

Tagging staphylococcal enterotoxin B (SEB) with TGFaL3
for breast cancer therapy
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Mohammad Mehdi Aslani1 & Seyed Fazlollah Mousavi1 & Abbas Ali Imani Fooladi4
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Abstract Recent research has attempted to direct
superantigens towards tumors by means of tumor-targeted
superantigen (TTS) strategy. In this study, we explored the
antitumor property of TTS by fusing the third loop of
transforming growth factor α (TGFαL3) to staphylococcal
enterotoxin type B (SEB) and investigated the possibility of
the therapeutic application of TGFαL3-SEB as a novel anti-
tumor candidate in mice bearing breast cancer. Treatment was
performed through intratumoral and intravenous injection of
TGFαL3-SEB. Tumor size/volume, long-term survival, and
cytokine secretion were assessed. In addition, the toxicity of
each treatment on liver and kidneys was examined. Our results
indicated that the relative tumor volume significantly in-
creased in the mice receiving intratumoral TGFaL3-SEB
(p<0.05). Surprisingly, 5 out of the 14mice were cleared from
the tumor thoroughly in 10–25 days after intratumoral admin-
istration of TGFaL3-SEB. Quantification of cytokines clearly
showed that the mice receiving intratumoral SEB significantly
secreted higher interferon γ (IFN-γ) and tumor necrosis factor
α (TNF-α) compared with the other groups (p<0.05). The
antitumor effect was followed by inhibition of cell

proliferation (Ki-67) and micro vascularization (CD31). The
highest and lowest levels of tumor necrosis were observed in
the intratumoral administration of TGFαL3-SEB (85 %) and
PBS (14 %), respectively. Intratumoral injection of TGFαL3-
SEB increased the lifespan of the mice so 37.5 % of them
could survive for more than 6 months (p<0.05). Overall, our
findings indicated that intratumoral administration of
TGFαL3-SEB effectively inhibited the growth of breast tu-
mors through induction of necrosis and suppressing prolifer-
ation and angiogenesis without systemic toxicity.

Keywords Breast cancer . Immunotherapy . Staphylococcal
enterotoxin type B . Transforming growth factorα

Introduction

Breast cancer is the most prevalent malignancy in women
globally [1–4]. It is the leading cause of cancer mortality in
women and the mortality rate is the fifth most common cause
of cancer-related deaths overall. Although there are several
conventional cancer therapy strategies including surgery, che-
motherapy, and radiotherapy, each has certain shortcoming;
for example, chemotherapy is toxic for all the dividing cells
regardless of the nature of cells. Thus, it is necessary to design
new strategies for cancer therapy that targets tumor cells in a
specific manner [5].

Cancer immunotherapy provides new possibilities for im-
proving cure rates of breast cancer [6]. Stimulation of the
patient’s immune system is the promising therapeutic method
for controlling cancer progression. This method acts by gen-
erating tumor-specific T cells that finally contribute to the
eradication of tumors [7]. T lymphocytes are the most impor-
tant regulators in immunotherapy of cancer [8] and this
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technology uses patient’s own T cells to kill cancer cells spe-
cifically [9].

Superantigens (SAgs) are bacterial and viral components
sharing the capability of activating a large number of T lym-
phocytes. SAgs efficiently trigger inflammatory cytokines and
cell-mediated cytotoxicity [10–14]. Staphylococcal entero-
toxins (SEs) are potent SAgs, activating all T cells which
express a defined set of Vb-TCR, irrespective of their actual
antigen specificity [7], and has drawn considerable attention
as an ideal agent for cancer therapy [15].

Tumor-targeted superantigens (TTS) represent a novel con-
cept for cancer immunotherapywhich aims to activate and direct
T lymphocytes to attack tumor cells. This is achieved by means
of fusing bacterial SAgs to Fab fragments of tumor-reactive
monoclonal antibodies (mAbs) or ligands that bind to receptors
that are either uniquely expressed or highly expressed on the
target cells compared to normal tissues. This allows specific
targeting of the cancer cells. The tumor-associated antigens are
unknown in many cancers [16]. Overall, ligand-targeted thera-
peutics (LTTs) have benefits over mAbs. In fact, mAbs are more
antigenic than tumor-related ligands. Moreover, they are often
readily available [17] and facilitate drug penetration into solid
tumors [18]. Among SAgs, the bacterial superantigen staphylo-
coccal enterotoxin B (SEB) has been tested as a potent inducer
of cytotoxic T cell activity and cytokine production in vivo [7,
19, 20]. Generally, the targeted antigen or receptor should have a
high density on the surface of the target cells [14, 17]; thus, we
chose the epidermal growth factor receptor (EGFR) as a suitable
receptor for designing a ligand-targeted superantigen in cancer
immunotherapy.

EGFR is encoded by the proto-oncogene, c-erb-B [21–24].
In many human tumors, when this proto-oncogene is activat-
ed, EGFR will overexpress and EGFR overactivation may
lead to malignancy through providing suitable signals for cell
proliferation, anti-apoptosis, angiogenesis, and metastasis.
[25–27]. High levels of the receptor expression have been
found in 30–40 % of carcinomas [28–30]. Based on 40 sepa-
rate studies, the mean percentage of EGFR positivity reported
for breast cancer is 45 % (ranging from 14 to 91 %) [31].
Overexpression of the receptor has also been reported as an
adverse prognostic marker [31–33]. Moreover, the degree of
EGFR overexpression is associated with progressive tumor
stage and resistance to standard therapies [29]. Human
transforming growth factor alpha (hTGFα) is a native ligand
co-overexpressed with its receptor EGFR in many human tu-
mors [14, 34]. The hTGFα consists of three disulfide loops,
the third of which (TGFαL3) retains the binding ability to
EGFR but does not induce ligand-receptor internalization
[14, 35, 36]. Chimeric TGFαL3-SEB has been designed.
Compared to mAbs, TGFαL3 has a longer circulating half-
life due to its less antigenic nature. According to these inter-
esting properties of TGFαL3, it can be an attractive targeting
molecule for superantigens toward tumors [14, 34].

In silico analysis of TGFαL3-SEB chimeric protein design
[36] and in vitro antitumor activities were done as described
previously [14]. In this study, the in vivo antitumor activity of
TGFαL3-SEB chimeric protein in mice bearing breast tumor
has been carried out by injecting 4T1murine breast cancer cell
line. The 4T1 cells are known as murine estrogen-
nonresponsive mammary carcinoma cells that serve as an an-
imal model for human stage IV breast cancer in BALB/c mice
[37].

Materials and methods

Cell culture

Mouse breast cancer cell line, 4T1 (NCBI C604), was pur-
chased from Pasteur Institute (Tehran, Iran) and was main-
tained in RPMI 1640 (Gibco, Life Technology, MD) supple-
mented with 10 % fetal bovine serum (FBS) (Gibco, Life
Technology, MD), 100 units/ml penicillin, and 100 mg/ml
streptomycin (Sigma), and incubated at 37 °C in 5 % CO2

with appropriate humidity.

Mice and tumor models

Female inbred BALB/c mice (4–6 weeks old) were purchased
from the Pasteur Institute (Tehran, Iran). 2×105 4T1 cells in
200 μl of RPMI 1640 were injected subcutaneously into the
right flanks of mice to form breast tumor model [38, 39]. All
of the animal experiments were carried out under a project
license issued by the Pasteur Institute of Iran according to
the local Animal Experimentation Rules.

Assessment of in vivo antitumor activity of TGFαL3-SEB
fusion protein

The effect of TGFαL3-SEB on tumor growth in vivo was
determined by tumor size measurement and the survival assay
in mice bearing breast tumor. The tumor growth inhibition
experiment was conducted in 4T1 xenograft tumor model. A
total number of 96 female BALB/c mice were used in our first
experiment.

The BALB/c mice (female, 4–5 weeks, 18±2 g) were
injected subcutaneously with 2.0×105 4T1 cells suspended
in 200 μl RPMI 1640 on the right mammary gland [40].
After 7 days, the mice bearing 4T1 tumors of ∼20 mm3 were
randomized into six groups (n=16) and subsequently three
groups were injected intravenously (i.v.) with 150 pmol
TGFαL3-SEB and SEB in 200 μl PBS or 200 μl PBS as
negative control every other day using a 26-gauge needle.
Three other groups were injected intratumorally (i.t.) with
the same instruction. In the following experiment, the mice
bearing 4T1 tumors of ∼20 mm3 were ear-tagged and
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randomized into three groups: TGFαL3-SEB (n=10), SEB or
PBS (n=5) and subsequently were injected intratumorally
(i.t.) with 450 pmol TGFαL3-SEB and SEB in 200 μl PBS
or 200 μl PBS as negative control four times every other day.

Tumor growth inhibition

Tumor size was measured with digital calipers (Mitutoyo
Corporation, Japan) 10, 15, and 20 days after tumor cell in-
jection. The tumor volume was calculated by the formula V=
L×W2/2 (L, longest dimension; W, shortest dimension). To
normalize the tumor growth, relative tumor volume was mea-
sured according to VT/V0 [41]. After 25 days of treatment, the
tumors were excised and then fixed in 10% formaldehyde and
used for histopathological analysis.

Survival assay

Eight mice in each group were followed up for survival assay.
The survival percentage of mice were analyzed using the
Kaplan-Meier survival curve.

Cytokine assay

Secretion of interferon γ (IFN-γ), interleukin 4 (IL-4), and
tumor necrosis factor α (TNF-α) was measured by ELISA.
Spleen cells from mice were prepared as previously described
[7]. IFN-γ, IL-4, and TNF-α cytokines were measured by
commercially available sandwich-based ELISA kits (R&D,
Minneapolis, MN. USA) according to the manufacturer’s in-
structions. A standard curve was used to quantify the levels of
IFN-γ, TNF-α, or IL-4. The lowest sensitivity was <5 pg/ml
for IFN-γ, <0.5 pg/ml for IL-4, and <8 pg/ml for TNF-α
assay.

Histological examination

The tumors were dissected and fixed with 4 % paraformalde-
hyde for at least 24 h upon completion of the in vivo study.
The fixed tumors were processed and stained with hematoxy-
lin and eosin (H&E) for histopathological examinations. In
H&E examination, necrosis, angiogenesis, and metastasis in
the lung, liver, and kidneys were investigated. Two indepen-
dent technicians calculated the percentage or related cells in
tumor tissue.

Immunohistochemical assay

All tumor tissues were processed for immunohistochemical
(IHC) staining. Ki-67 proliferation marker, tumor microvas-
cular density and apoptotic cells in the tumors were analyzed.

Ki-67 proliferation marker

Tumor sections were incubated with the anti-Ki-67 antibody
(Abcam, Cambridge,MA). The percentage of the Ki-67+ cells
was determined in 30 microscopic fields at ×400
magnification.

Tumor microvascular density

They were determined using immune staining for the CD31
endothelial marker (Abcam, Cambridge, MA). Then the num-
ber of CD31+ cells/field was calculated. The images were
quantified by counting the number of positively stained cells
in 15 randomly selected microscopic fields at ×400
magnifications.

Toxicity assay

The liver is responsible for detoxifying, and kidneys are the
most important excretory organ; both are susceptible to dam-
ages by drugs [42]. Toxicity effect of TGFαL3-SEB and SEB
on liver enzymatic activity of aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) and kidney-
related biochemical parameters were assessed by measuring
urea and creatinine levels. Also, histopathological changes of
liver and kidneys tissue were noted.

Statistical analysis

Data were presented as mean±standard deviation (SD).
Statistical analysis was performed with one-way analysis of
variance (ANOVA) using the statistical software SPSS 17.0.
The animal data were analyzed by using the Kaplan-Meier
survivability test, with P values of >0.05 considered statisti-
cally significant.

Results

TGFαL3-SEB inhibits xenograft 4T1 breast tumor
growth in vivo

Our primary results showed that tumors in the group injected
with 150 pmol TGFαL3-SEB fusion protein grew at a slower
rate and contained smaller volumes than the SEB- and PBS-
treated groups both intravascularly and intratumorally. As
shown in Fig. 1a, the relative tumor volume of the intrave-
nously PBS-treated group was 5.2 while that of the TGFαL3-
SEB-treated group (150 pmol) was 3.1 and the tumor volume
of the SEB-treated group was 4.1 at day 20 after treatment. In
intratumoral treatment with 150 pmol TGFαL3-SEB, SEB, or
PBS, the relative tumor volume of the PBS group was 6.4
while that of the TGFαL3-SEB-treated group was 2.2 and
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tumor volume of the SEB-treated group was 2.9 at day 20 after
treatment (Fig. 1b, p<0.05). In the follow-up experiment,
mice were injected intratumorally (i.t.) with 450 pmol

TGFαL3-SEB, SEB, or PBS four times every other day.
Surprisingly, 5 of the 14 mice were cleared thoroughly in
10–25 days after i.t. administration of 450 pmol TGFαL3-

Fig. 1 TGFαL3-SEB inhibits tumor growth in vivo. a Relative tumor
volumes in mice were injected intravenously (i.v.) with 150 pmol
TGFαL3-SEB, SEB, or PBS four times at 1-day intervals. b Relative
tumor volumes in mice were injected intratumorally (i.t.) with 150 pmol
TGFαL3-SEB, SEB, or PBS four times at 1-day intervals. c Relative
tumor volumes in 14 mice were injected intratumorally (i.t.) with
450 pmol TGFαL3-SEB four times at 1-day intervals. d Relative tumor
volume in 5 mice were injected intratumorally (i.t.) PBS as negative

control four times at 1-day intervals. e Comparison of relative tumor
volumes in mice was injected intratumorally (i.t.) with 450 pmol
TGFαL3-SEB, SEB, or PBS. f Images of excised tumormasses and lungs
after intratumoral injection of PBS, SEB, and TGFαL3-SEB, the arrows
indicate lung metastatic nodes. The tumor sizes were measured with
digital calipers at the time points indicated. The tumor volumes were
calculated as [length×(width)2]/2
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SEB fusion protein (Fig. 1c) and the relative tumor volume of
the TGFαL3-SEB group was 2.1 while that of the PBS-treated
group was 7.2 at day 25 after treatment (Fig. 1e). So the
tumors in the group injected with 450 pmol TGFαL3-SEB
fusion protein grew at a significantly slower rate and had
remarkably smaller volumes than the SEB and PBS as a neg-
ative control in i.t. administration (Fig. 1e, p<0.01).

TGFαL3-SEB enhances the survival of BALB/c mice
bearing breast tumor

To determine whether TGFαL3-SEB fusion protein has a sig-
nificant effect on the survival time of mice bearing breast
tumor, eight mice in each group were kept in check for sur-
vival study. Our results indicated intratumoral administration
of TGFαL3-SEB fusion protein could significantly increase
the lifespan of the mice bearing breast tumor compared with
the control group (p<0.05); 37.5 % of the mice receiving
intratumoral TGFαL3-SEB survived for more than 6 months,
while only 12/5 % of the mice receiving intravenous
TGFαL3-SEB survived more than 6 months (Fig. 2).

Measurement of cytokine levels

Production of interferon γ (IFN-γ), tumor necrosis factor α
(TNF-α), and IL-4 was evaluated by enzyme-linked immuno-
sorbent assay (ELISA). Quantitative determination of cyto-
kines in supernatants of splenocyte cultured in the presence
of PHA or SEB clearly showed significantly higher IFN-γ
secretion in mice receiving intratumoral SEB than the other
groups. Splenocyte cultures from mice receiving intratumoral
TGFαL3-SEB showed a slight increase in IFN-γ secretion
and no IFN-γ secretion was seen in the intravenous adminis-
tration of SEB or TGFαL3-SEB (Fig. 3a). There was no IL-4
secretion in experimental groups except a slight increase in
mice receiving intravenous SEB (Fig. 3b). Therefore, Th1/

Th2 cytokine levels suggested immune responses were shifted
towards cellular immunity. In the case of TNF-α that is a
potent antitumor cytokine, the highest level of TNF-α was
observed in the group that received SEB intratumorally and
nearly half of this amount was observed in mice receiving
intratumoral TGFαL3-SEB group. Also, the slight TNF-α
increase was found in both SEB and TGFαL3-SEB intrave-
nous groups (Fig. 3c).

Intratumoral administration of TGFαL3-SEB induces
high percent of tumor necrosis

After tissue processing, two independent observers calculated
the percentage tumor necrosis in tumor tissue. The highest and
lowest percentage of tumor necrosis was observed in the
intratumoral administration of TGFαL3-SEB (85 %) and
PBS (14 %), respectively (Fig. 4a). In intratumoral adminis-
tration, there were significant differences between TGFαL3-
SEB, SEB, and PBS (p<0.01) and the highest percentage of
necrosis was induced in i.t. administration of TGFαL3-SEB
(Fig. 4a) but no significant differences were found for necrosis
between the intravenous (i.v.) administration groups (Fig. 4b).

TGFαL3-SEB has potent anti-metastatic effect

The growth of primary tumors was assessed via calculating
the tumor volume during the therapeutic period. At the end of
animal experiment, metastasis to the lungs of mice bearing
breast tumor was detected by H&E staining. Our result
showed no metastatic cells in liver and kidney tissues, but
spreading 4T1 cells to the lung tissue was found in 60 % of
PBS-treated group and 30% of the SEB-treated group, imply-
ing the high proliferation activity of the primary cancer cells
and their distant metastasis. Excitingly, no cancer cells for
distant metastasis were found in the mice treated with
TGFαL3-SEB, in significant difference with that of the mouse

Fig. 2 TGFaL3-SEB enhances the survival of BALB/c mice bearing
breast tumor. Twenty-four mice were inoculated with 2.0×105 4T1
breast cancer cells and then randomized into three groups. The mice
were treated intravenously (i.v.) with 150 pmol TGFaL3-SEB, SEB,
or PBS and then were kept in check for long life. The survival
percentages were analyzed by ANOVA. The same protocol was done

for determination of survival time in intratumoral (i.t.) administration
groups. a Survival percentage of mice treated intravenously (i.v.) with
150 pmol TGFaL3-SEB, SEB, or PBS. b Survival percentages of
mice were treated intratumorally (i.t.) with 150 pmol TGFaL3-SEB,
SEB, or PBS
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treated with ligand-free SEB or PBS, suggesting highly sup-
pressed proliferation activity and metastasis ability of primary
4T1 tumor cells in the TGFαL3-SEB group. Furthermore,
lung metastatic nodes were observed only in PBS-treated
groups (Fig. 1f). In addition, H&E-stained histological sec-
tions of tumors showed the tumors injected with PBS was
viable and more blood vessels (arrow) were observed in
PBS-injected group than in the SEB-injected group.
However, small blood vessels were observed in tumors
injected with TGFαL3-SEB (Fig. 5).

To further investigate whether the decreased tumor growth
was associated with a reduction in the tumor angiogenesis, the
tumor tissue sections were stained with anti-CD31 antibody.
The PBS-treated mice showed 60 % CD31-immunoreactive
positive cells per field, and the SEB-treated mice showed
21 % CD31-immunoreactive positive cells per field, whereas
the TGFαL3-SEB-treated mice showed only 5 % per field
(Fig. 6), indicating that the TGFαL3-SEB significantly
inhibited tumor angiogenesis and thereby prevented tumor
growth. So the TGFαL3-SEB group indicated apparent inhib-
itory impact on angiogenesis compared with the negative con-
trol group (p<0.05).

Next, we tested the proliferation rate in tumor tissue using
Ki-67 staining. TGFαL3-SEB-treated mice showed fewer
proliferative cells (9 %) than the SEB-treated mice (34 %)
and the PBS-treated mice (51 %) as a negative control
(p<0.05) (Fig. 6).

TGFαL3-SEB has no toxic effects on the liver and kidneys

According to the results, no significant change in levels of
urea, creatinine, AST, and ALT was seen in mice bearing
breast tumor treated with TGFαL3-SEB (Table 1) and there
was no evidence of renal or hepatic damage (Figs. 7 and 8). In
contrast, an increase in liver enzyme levels (*) was observed
in animals treated with PBS and SEB in both intratumoral and
intravenous administrations. No significant changes in renal
parameters were seen in SEB protein-recipient mice in both
intratumoral and intravenous administrations.

Also the potential toxicity of TGFαL3-SEB to cause mor-
phological changes in major organs was examined. Sections
of the liver and kidney were stained with hematoxylin and
eosin. Overall, the histopathological assessment of livers
resected from TGFαL3-SEB-treated animals, at a dose of

Fig. 3 Cytokine levels in supernatants of splenocyte cultures. Levels of
IFN-γ, IL-4, and TNF-α were measured in six experimental groups: (1)
TGFaL3SEB/i.v.; (2) SEB/i.v.; (3) PBS/i.v.; (4) TGFaL3SEB/i.t.; (5)

SEB/ i.t.; (6) PBS/i.t. a IFN-γ, b IL-4, and c TNF-α concentrations were
measured in six experimental groups. Data represent the mean of tripli-
cate experiments

Fig. 4 Assessment of tumor necrosis of 4T1 induced xenograft breast
tumor. a Percent microscopic tumor necrosis in the intratumoral (i.t.)
administration of TGFaL3-SEB, SEB, and PBS; the highest percentage
of necrosis was induced in i.t. administration of TGFαL3-SEB. b Percent
microscopic tumor necrosis in intravenous (i.v.) administration of

TGFaL3-SEB, SEB, and PBS; no significant differences were found for
necrosis between the intravenous (i.v.) administration groups. c
Photomicrograph shows necrotic areas (outline) separated from normal
breast tumor tissue (H&E, ×400)
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450 pmol, showed no obvious or significant differences in
response to TGFαL3-SEB compared with the healthy group
(Fig. 7c, f), while purulent inflammation of the liver paren-
chyma with neutrophil accumulation and necrotic foci was
observed in SEB-treated group (Fig. 7b, e). However, with
the exception of parenchymal necrosis, all other modifications
were also observed in the PBS control group (Fig. 7a, d),
suggesting that these effects might be related to the nature of
the disease. In this study, the histopathological observations of
the kidneys of treated animals showed no significant changes
in all groups, which was consistent with the results of bio-
chemical parameters related to renal function (Fig. 8).

Renal parenchyma including glomerular and urinary tracts
were normal, and there was no trace of inflammation and
metastasis in both intravenous (Fig. 8) and intratumoral (data
not shown) administrations, and the structure of the glomeruli
was essentially preserved, which confirmed the results for the

biochemical parameters of renal function, showing no change
in urea or creatinine levels.

Discussion

Tumor-targeted superantigens (TTS) represent a novel con-
cept for cancer immunotherapy, which aims to activate and
lead T lymphocytes to attack tumor cells. The object of this
study was to evaluate the in vivo antitumor efficacy of
TGFαL3-SEB, a ligand-targeted superantigen, as a candidate
for breast cancer immunotherapy, upon intravenous and
intratumoral administrations.

Intravenous chemotherapy often leads to severe complica-
tions due to systemic toxicity. On the other hand, many com-
mon solid tumors including breast, brain, and prostate tumors
do not respond well to conventional systemic chemotherapy

Fig. 5 H&E-stained histological
sections of tumors on day 25 after
intratumoral injection of PBS (a),
SEB (b), and TGFαL3-SEB (c) in
xenograft-bearing mice (arrow
indicates the blood vessels, scale
bar = 400 mm)

Fig. 6 Inhibition of tumor proliferation and angiogenesis within tumor
tissue stained by Ki-67 and CD31, respectively. a Representative IHC
images for CD31, Ki67 staining, CD31, and Ki67 concentrations were
significantly lower in tumor-bearing mice treated with TGFαL3-SEB
than in SEB group or control mice. Scale bar, 30 μm. b Quantification

of changes between TGFαL3-SEB-treated, SEB-treated, and untreated
tumors (p<0.05). The quantification was determined by counting five
different fields per tumor, followed by averaging the values for the five
tumors. The data are shown as means±SEM
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[43]. Several studies have shown that delivery of cytotoxic
drugs through intratumoral injection can provide extremely
high doses of the drug throughout the tumor with minimal
systemic toxicity [44]. For example Al-Ghananeem reported
one case of complete remission of tumor nodule and two cases
of persistent reduction of tumor size after intratumoral injec-
tion of paclitaxel-loaded nanoparticles [43]. Therefore, in this
study, the effect of intravenous and intratumoral injections of
TGFαL3-SEB fusion protein on tumor growth were
evaluated.

In our previous study, TGFαL3-SEB fusion protein ex-
hibits potent in vitro antitumor activities, so it may be useful
as an anticancer agent for targeted EGFR overexpressing solid
tumors. This study is complementary to these previous studies
in which the targeted antitumor potency of TGFαL3-SEB in
4T1 xenograft mice bearing breast tumors was evaluated. The
4T1 cells grow as adherent epithelial type in vitro and are
known as the murine estrogen-nonresponsive mammary car-
cinoma cells. This cell line when injected into BALB/c mice
serves as an animal model for human stage IV breast cancer in

Table 1 Effects of TGFαL3-
SEB and SEB on biochemical
parameters determined in the
peripheral blood

Group Urea (mg/dL) Creatinine (mg/dL) AST (UI/L) ALT (UI/L)

Healthy mice 115±3.5 0.3±0.04 262±10.8 77.6±20.6

TGFαL3-SEB/i.v. 54.7±11.9 0.34±0.05 217.8±20.9 46.5±13.4

SEB/i.v. 63.6±5.8 0.31±0.06 271.1±81.7* 137±26*

PBS/i.v. 54.2±8.8 0.36±0.08 244.8±17.5 150±36.2*

TGFαL3-SEB/i.t. 72.4±4.6 0.31±0.06 247.4±18.2 66±8.7

SEB/i.t. 69.7±7.4 0.30±0.04 266.7±76* 131.3±73.6*

PBS/i.t. 69.2±7.8 0.3±0.04 520.8±58* 147.5±14.4*

Data are presented as means±SD of eight animals

*Significantly different compared to the healthy group (P<0.05)

Fig. 7 Effect of intravenous or intratumoral administration of
TGFaL3-SEB and SEB on the liver of 4T1 xenograft-bearing mice.
Photomicrographs show the histopathology of the livers from i.v./
PBS as a negative control (a), i.v./SEB-treated (b), and
i.v./TGFaL3-SEB-treated (c); i.t./PBS as a negative control (d),
i.t./SEB-treated (e), and i.t./TGFaL3-SEB-treated (f) analyzed by light
microscopy. Severe hepatic abscesses in the presence of neutrophils
in the liver parenchyma, particularly in the port (P), were observed

in both i.v and i.t./PBS-treated group (a and d). Purulent inflamma-
tion of the liver parenchyma with neutrophil accumulation (arrow
head) and necrotic foci (arrow) were observed in i.v/SEB-treated
group (b) but less purulent inflammation was seen in i.t./SEB-treated
group (e). Normal liver parenchyma without inflammation was seen
in both i.v. and i.t./TGFaL3-SEB-treated group (c and f). Histological
sections stained with hematoxylin-eosin ×400

Tumor Biol.



BALB/c mice [37]. This cell line is widely studied models for
basal-like breast cancer with metastatic potential [22, 45, 46].
Indeed, we used the 4T1 breast adenocarcinoma cell line as a
murine model system, because tumor growth and metastatic
spread of 4T1 cells very closely mimic human breast cancer
[47]. This line spontaneously is capable of metastasis to sev-
eral organs including the lungs, liver, and brain, as well as
bone [21, 48–51], so here, we developed xenograft tumor-
bearing mice model by use of this cell line and evaluated the
antitumor potency of TGFαL3-SEB fusion protein. Our re-
sults indicated that the average size of tumors in TGFαL3-
SEB group were significantly smaller than those in SEB or
PBS group (p<0.05) at the same injection in both i.v. and i.t.
administrations; however, in i.t. administration, the reduction
in tumor size was very evident (p<0.01). Surprisingly, 5 of the
14 mice were thoroughly cleared 10–25 days after
intratumoral administration of 450 pmol TGFαL3-SEB.
Generally, numerous experimental studies validated theoreti-
cal advantages of intratumoral administration in comparison
to the intravenous injection, rising the concentration of drug
for intratumoral injection, antitumoral activity improvement,
and systemic toxicity decrease [52]. Consistent with these
data, the relative tumor volume in the group receiving
TGFαL3-SEB intratumorally was smaller (2.2) compared to
intravenous TGFαL3-SEB-treated group (3.1). Generally, the
tumor volume showed higher decreases in of TGFαL3-SEB-
treated mice than that of SEB-injected one in both intravenous
and intratumoral administration. This can be explained by the
presence of TGFαL3 that mediates targeted therapy via
ligand-receptor interaction on 4T1 expressing EGFR.

The survival time of tumor-bearing mice in TGFαL3-SEB
group was prolonged compared with those in the other two
groups in both routes of administration, but life expectancy
was muchmore evident in i.t. administration of TGFαL3-SEB
(p<0.05) because 37.5 % of the mice survived up to 120 days
compared to 12.5 % of the mice in i.v. administration of
TGFαL3-SEB. Unfortunately, in the group receiving SEB,

not only increased longevity was not observed but also due
to its toxicity, the survival rates of treated mice were decreased
in intravenous administration compared with the negative
control group. According to our results, TGFαL3-SEB, in
both routes of administration, pointed out the efficient inhib-
itory effects on the tumor growth, leading to a highlighted
increase in the overall survival. Our finding is supported by
a study from Xu et al., who reported that no death was ob-
served until day 24 in the TGFαL3SEAD227A-receiving tu-
mor-bearing mice [34].

Toxicological analysis showed that treatment with
TGFαL3-SEB has no systemic toxic effects on mice bearing
breast tumor. Increases in liver aminotransferase levels were
observed in PBS and SEB groups in both administration
routes. In concordance with aminotransferase levels, in histo-
logic examination, purulent inflammation of the liver paren-
chyma with neutrophil accumulation and necrotic foci was
observed in SEB-treated group. However, with the exception
of parenchymal necrosis, all the other changes were also ob-
served in the PBS control group, suggesting that these effects
observed in the intratumoral administration were not related to
the SEB treatment but probably it is due to the nature of the
disease [42]. But this finding that intravenous administration
of SEB reduces the lifespan of mice compared to the PBS
control group cannot be ignored. Maybe, intravenous admin-
istration of SEB has other adverse effects. In this study, histo-
pathological observations of the kidneys of treated animals
showed no significant changes in all groups. Surprisingly,
there were no significant differences in the biochemical serum
parameters in TGFαL3-SEB group even in intravenous ad-
ministration when compared with the healthy control
(Table 1). This observation was confirmed by the histopatho-
logic examination of liver and kidney of treated mice
(Figs. 7c, f and 8c), which showed no morphological changes
in TGFαL3-SEB-receiving mice. These findings may be due
to potent antitumor properties of TGFαL3-SEB treatment
which is consistent with increased longevity in mice receiving

Fig. 8 Effect of intravenous administration of TGFaL3SEB and SEB on
the kidneys of 4T1 xenograft-bearing mice. Photomicrographs show the
histopathology of the kidneys from i.v./PBS as a negative control (a), i.v./

SEB-treated (b), and i.v./TGFaL3SEB-treated (c) analyzed by light mi-
croscopy. A hyaline cast is indicated by the yellow arrow in the image on
the left. Histological sections stained with hematoxylin-eosin ×400
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TGFαL3-SEB. To decrease the toxicity of SEB, Gu et al.
designed SEB-H32Q/K173E, a recombinant double mutant
of SEB [53], but the treatment with 450 pmol of TGFαL3-
SEB showed no toxic effect on the liver and kidney tissues in
H&E examination. Also, no significant changes in levels of
urea, creatinine, AST, and ALT were seen in mice bearing
breast tumor treated with TGFαL3-SEB, and so there was
no evidence of hepatic or renal damage.

Our experiments showed that intratumoral administration of
TGFαL3-SEB increases the production of Th1 cytokines
(IFN-γ and TNF-α) and activates cellular immunity to mediate
tumor cell lysis. These results indicate that TGFαL3-SEB
maintain the immunogenicity of SEB that was consistent with
our previous in silico and in vitro studies [14, 36]. According to
the previous results, SEB was apparently more effective to pro-
duce splenocyte cytokines than of TGFαL3-SEB at the same
concentration. It was considered that it was probably due to the
smaller molecular weight of SEB than that of TGFαL3-SEB.
But taking the antigen-specific antitumor effect into account,
TGFαL3-SEB is more potential for clinical application than
SEB and had the less cytotoxic effect on normal cells.

Assessment of tumor necrosis rates in experimental groups
showing the highest percentage of necrosis was induced in i.t.
administration of TGFαL3-SEB. Comparison of the rate for
necrosis in different groups suggests that the high percentage
of necrosis was observed in i.t. TGFαL3-SEB group is due to
the specific toxicity of TGFαL3-SEB on cancer cells via
ligand-receptor interaction (p<0.01). Percentages of necrosis
induced by SEB were consistent with the results of Tong et al.
[54] and Imani Fooladi et al. [55] studies.

Despite the exciting advances in cancer therapy over the
past decades, tumor metastasis remains the dominant reason
for cancer-related mortality [56]. In fact, metastasis causes
90 % of death in human cancers. It has been well documented
the relationship between cancer progression, metastasis, and
angiogenesis [57]. Angiogenesis has been introduced as one
of the robust factors to play a momentous role in tumor
growth, invasion, and metastasis [53]. To examine the effect
of TGFαL3-SEB on tumor angiogenesis, the tumor sections
were stained with the specific endothelial cell marker CD31
protein. In our results, PBS-treated mice showed 61 % CD31-
immunoreactive cells per field, SEB-treated mice showed
21 % CD31-immunoreactive areas positive cells per field
whereas TGFαL3-SEB-treated mice showed 5 % per field
(Fig. 6), indicating that TGFαL3-SEB significantly inhibited
tumor angiogenesis and thereby prevented tumor growth.
Also, this result was compatible with H&E metastatic results
that no metastatic 4T1 cells were shown in the liver, kidney,
and lung tissues in mice receiving TGFαL3-SEB. By using
Ki-67 staining, TGFαL3-SEB mice showed fewer prolifera-
tive cells than control mice (Fig. 6). So interestingly, the anti-
metastatic activity of TGFαL3-SEB was evidenced by a sig-
nificant reduction in CD31+ and Ki67+ cells.

The present study indicates that intratumoral administra-
tion of TGFαL3-SEB effectively suppressed tumor volume
without systemic adverse effects on mice via inhibition of
angiogenesis as well as acceleration of necrosis in 4T1
xenograft-bearing mice. As far as we know, this is the first
time that TGFαL3-SEB is utilized as a ligand-targeted
superantigen for breast cancer both at the intravenous and
intratumoral administration. Nevertheless, these results
strongly suggest that local delivery of TGFαL3-SEB in a tu-
mor has exciting potential for cancer immunotherapy.

Conclusion

Collectively, our study showed that TGFαL3-SEB can act as a
potent anticancer agent, it can reduce the tumor volume and
the lifetime increases in mice bearing breast tumor, especially
after intratumoral injection that enhances the chemotherapeu-
tic effect of TGFαL3-SEB while reducing its systemic toxic-
ity. Although these initial results are promising, they suggest
that direct administration of TGFαL3-SEB in a tumor has the
potential for local tumor regression. However, it requires
working in some aspects for optimizing this system to
completely eradicate the tumor. Future efforts will focus on
improving the efficacy of this strategy by optimizing the
TGFαL3-SEB concentration.

Acknowledgments This studywas financially supported by the Pasteur
Institute of Iran (Ph.D Grant No. B-8804).

Consent for publication All of the animal experiments were carried
out under a project license issued by the Pasteur Institute of Iran according
to the local Animal Experimentation Rules.

Conflicts of interest None

References

1. Jamal A, Murray T, Samuels A, Ghafoor A, Ward E, Thun M.
Cancer statistics, 2003. CA Cancer J Clin. 2003;53:5–26.

2. Akin S, Babacan T, Sarici F, Altundag K. A novel targeted therapy
in breast cancer: cyclin dependent kinase inhibitors. J BUON.
2014;19:42.

3. Siegel R, Naishadham D, Jemal A. Cancer statistics, 2012. CA
Cancer J Clin. 2012;62:10–29.

4. Tinoco G, Warsch S, Glück S, Avancha K, Montero AJ. Treating
breast cancer in the 21st century: emerging biological therapies. J
Cancer. 2013;4:117.

5. Mohamadabadi MA, Hassan ZM, Zavaran A, Hosseini MG, Noori
S, MahdaviM, et al. Arteether exerts antitumor activity and reduces
cd4+ cd25+ foxp3+ t-reg cells. Iran J Immunol. 2013;10:139.

6. Soliman H. Immunotherapy strategies in the treatment of breast
cancer. Cancer Control 2013;20(1):17–21.

7. Fooladi AAI, Sattari M, Hassan ZM, Mahdavi M, Azizi T, Horii A.
In vivo induction of necrosis in mice fibrosarcoma via intravenous

Tumor Biol.



injection of type B staphylococcal enterotoxin. Biotechnol Lett.
2008;30:2053–9.

8. Hedlund G, Eriksson H, Sundstedt A, Forsberg G, Jakobsen BK,
Pumphrey N, et al. The tumor targeted superantigen ABR-217620
selectively engages TRBV7-9 and exploits TCR-pMHC affinity
mimicry in mediating T cell cytotoxicity. PLoS One. 2013;8:
e79082.

9. Li SC, Kabeer MH. Designer immunotherapy specific for cancer. J
Cell Sci Ther. 2013;4:e116.

10. Dohlsten M, Lando P, Hedlund G, Trowsdale J, Kalland T.
Targeting of human cytotoxic t lymphocytes to MHC class II-
expressing cells by staphylococcal enterotoxins. Immunology.
1990;71:96.

11. Dohlsten M, Sundstedt A, Björklund M, Hedlund G, Kalland T.
Superantigen‐induced cytokines suppress growth of human colon‐
carcinoma cells. Int J Cancer. 1993;54:482–8.

12. Hedlund G, Dohlsten M, Lando P, Kalland T. Staphylococcal en-
terotoxins direct and trigger CTL killing of autologous HLA-DR+
mononuclear leukocytes and freshly prepared leukemia cells. Cell
Immunol. 1990;129:426–34.

13. Terman DS, Serier A, Dauwalder O, Badiou C, Dutour A, Thomas
D, Brun V, Bienvenu J, Etienne J, Vandenesch F. Staphylococcal
entertotoxins of the enterotoxin gene cluster (egcses) induce nitrous
oxide-and cytokine dependent tumor cell apoptosis in a broad panel
of human tumor cells. Front Cell Infect Microbiol 2013;13:38.

14. Yousefi F, Mousavi SF, Siadat SD, Aslani MM, Amani J, Rad HS,
Fooladi AAI. Preparation and in vitro evaluation of antitumor ac-
tivity of tgfαl3-seb as a ligand-targeted superantigen. Cancer Res
treat 2015. doi:10.1177/1533034614568753.

15. XuM-K, ZhangC-G, Chen Y, GuoW, Cai Y-M, Liu C-X. Research
advances on immunopharmacology and cancer therapy of staphy-
lococcal enterotoxins. Asian J Pharmacodyn Pharmacokinet.
2008;8:83–108.

16. Hu H-M, Poehlein CH, Urba WJ, Fox BA. Development of antitu-
mor immune responses in reconstituted lymphopenic hosts. Cancer
Res. 2002;62:3914–9.

17. Allen TM. Ligand-targeted therapeutics in anticancer therapy. Nat
Rev Cancer. 2002;2:750–63.

18. Wu H-C, Chang D-K, Huang C-T. Targeted-therapy for cancer. J
Cancer Mol. 2006;2:57–66.

19. Hosseini HM, Fooladi AAI, Soleimanirad J, Nourani MR,Mahdavi
M. Exosome/staphylococcal enterotoxin b, an anti tumor com-
pound against pancreatic cancer. J BUON. 2014;19:440–8.

20. Hosseini HM, Fooladi AAI, Soleimanirad J, Nourani MR, Davaran
S, Mahdavi M. Staphylococcal entorotoxin B anchored exosome
induces apoptosis in negative esterogen receptor breast cancer cells.
Tumor Biol. 2014;35:3699–707.

21. Carpenter G. Receptors for epidermal growth factor and other poly-
peptide mitogens. Annu Rev Biochem. 1987;56:881–914.

22. Downward J, Yarden Y, Mayes E, Scrace G, Totty N, Stockwell P,
Ullrich A, Schlessinger J, Waterfield M. Close similarity of epider-
mal growth factor receptor and v-erb-b oncogene protein se-
quences. Nature. 1984 ;307(5951):521–7.

23. Real FX, RettigWJ, Chesa PG,MelamedMR, Old LJ,Mendelsohn
J. Expression of epidermal growth factor receptor in human cul-
tured cells and tissues: relationship to cell lineage and stage of
differentiation. Cancer Res. 1986;46:4726–31.

24. Santos S, Baptista CS, Abreu RM, Bastos E, Amorim I, Gut IG,
et al. ERBB2 in cat mammary neoplasias disclosed a positive cor-
relation between RNA and protein low expression levels: a model
for ERBB-2 negative human breast cancer. PLoS One. 2013;8:
e83673.

25. Khiavi MM, Vosoughhosseini S, Saravani S, Halimi M.
Immunohistochemical correlation of epidermal growth factor re-
ceptor and c-erbB-2 with histopathologic grading of
mucoepidermoid carcinoma. J Cancer Res Ther. 2012;8:586.

26. Connor AE, Baumgartner RN, Baumgartner KB, Pinkston CM,
John EM, Torres-Mejía G, et al. Epidermal growth factor receptor
(EGFR) polymorphisms and breast cancer among hispanic and
non-hispanic white women: the breast cancer health disparities
study. Int J Mol Epidemiol Genet. 2013;4:235.

27. Faloppi L, Andrikou K, Cascinu S. Cetuximab: still an option in the
treatment of pancreatic cancer? Expert Opin Biol Ther. 2013;13:
791–801.

28. Sabbatino F, Ferrone S. Can the Bright^ EGFR-specific mAb dra-
matically improve EGFR-targeted therapy? Clin Cancer Res.
2013;19:958–60.

29. Moscatello DK, Holgado-Madruga M, Godwin AK, Ramirez G,
Gunn G, Zoltick PW, et al. Frequent expression of a mutant epider-
mal growth factor receptor in multiple human tumors. Cancer Res.
1995;55:5536–9.

30. Kamposioras K, Pentheroudakis G, Pavlidis N. Exploring the biol-
ogy of cancer of unknown primary: breakthroughs and drawbacks.
Eur J Clin Investig. 2013;43:491–500.

31. Aziz S, Pervez S, Khan S, Kayani N, Rahbar M. Epidermal growth
factor receptor (EGFR) as a prognostic marker: an immunohisto-
chemical study on 315 consecutive breast carcinoma patients. J Pak
Med Assoc. 2002;52:104–10.

32. Dua R, Zhang J, Nhonthachit P, Penuel E, Petropoulos C, Parry G.
EGFR over-expression and activation in high HER2, ER negative
breast cancer cell line induces trastuzumab resistance. Breast
Cancer Res Treat. 2010;122:685–97.

33. Grupka NL, Lear-Kaul KC, Kleinschmidt-DeMasters BK, Singh
M. Epidermal growth factor receptor status in breast cancer metas-
tases to the central nervous system: comparison with HER-2/neu
status. Arch Pathol Lab Med. 2004;128:974–9.

34. Xu Q, Zhang X, Yue J, Liu C, Cao C, Zhong H, et al. Human
TGFalpha-derived peptide TGFalphal3 fused with superantigen
for immunotherapy of EGFR-expressing tumours. BMC
Biotechnol. 2010;10:91.

35. Saltz LB, Meropol NJ, Loehrer PJ, Needle MN, Kopit J, Mayer RJ.
Phase II trial of cetuximab in patients with refractory colorectal
cancer that expresses the epidermal growth factor receptor. J Clin
Oncol. 2004;22:1201–8.

36. Imani-Fooladi AA, Yousefi F, Mousavi SF, Amani J. In silico de-
sign and analysis of TGFαl3-seb fusion protein as Ba new antitumor
agent^ candidate by ligand-targeted superantigens technique. Iran J
Cancer Prev. 2014;7:152.

37. Xanthopoulos J, Romano A, Majumdar S. Response of mouse
breast cancer cells to anastrozole, tamoxifen, and the combination.
BioMed Res Int. 2005;2005:10–9.

38. Jardim-Perassi BV, Arbab AS, Ferreira LC, Borin TF, Varma NR,
Iskander A, et al. Effect of melatonin on tumor growth and angio-
genesis in xenograft model of breast cancer. PLoS One. 2014;9:
e85311.

39. Liu Q, Tan Q, Zheng Y, Chen K, Qian C, Li N, et al. Blockade of
Fas signaling in breast cancer cells suppresses tumor growth and
metastasis via disruption of Fas signaling-initiated cancer-related
inflammation. J Biol Chem. 2014;289:11522–35.

40. Heimburg J, Yan J, Morey S, Glinskii OV, Huxley VH, Wild L,
et al. Inhibition of spontaneous breast cancer metastasis by anti-
Thomsen-Friedenreich antigen monoclonal antibody JAA-F11.
Neoplasia. 2006;8:939–48.

41. Fooladi AAI, Halabian R, Mahdavi M, Amin M, Hosseini HM.
Staphylococcal enterotoxin b/texosomes as a candidate for breast
cancer immunotherapy. Tumor Biol. 2015;1–10. doi:10.1007/
s13277-015-3877-1.

42. Pita JCLR, Xavier AL, Sousa TKG, Mangueira VM, Tavares JF,
Júnior RJO, et al. In vitro and in vivo antitumor effect of
trachylobane-360, a diterpene from Xylopia langsdorffiana.
Molecules. 2012;17:9573–89.

Tumor Biol.

http://dx.doi.org/10.1177/1533034614568753
http://dx.doi.org/10.1007/s13277-015-3877-1
http://dx.doi.org/10.1007/s13277-015-3877-1


43. Al-Ghananeem AM, Malkawi AH, Muammer YM, Balko JM,
Black EP, Mourad W, et al. Intratumoral delivery of paclitaxel in
solid tumor from biodegradable hyaluronan nanoparticle formula-
tions. AAPS PharmSciTech. 2009;10:410–7.

44. Celikoglu F, Celikoglu SI, Goldberg EP. Techniques for
intratumoral chemotherapy of lung cancer by bronchoscopic drug
delivery. Cancer Ther. 2008;6:545–52.

45. Hudson KR, Tiedemann RE, Urban RG, Lowe SC, Strominger JL,
Fraser JD. Staphylococcal enterotoxin a has two cooperative bind-
ing sites on major histocompatibility complex class II. J Exp Med.
1995;182:711–20.

46. Binek M, Newcomb J, Rogers C, Rogers T. Localisation of the
mitogenic epitope of staphylococcal enterotoxin B. J Med
Microbiol. 1992;36:155–63.

47. Buelow R, O’Hehir R, Schreifels R, Kummerehl T, Riley G, Lamb
J. Localization of the immunologic activity in the superantigen
staphylococcal enterotoxin B using truncated recombinant fusion
proteins. J Immunol. 1992;148:1–6.

48. Issa A, Gill JW, HeidemanMR, SahinO,Wiemann S, Dey JH, et al.
Combinatorial targeting of FGF and ERBB receptors blocks growth
and metastatic spread of breast cancer models. Breast Cancer Res.
2013;15:R8.

49. Miller F, Miller B, Heppner G. Characterization of metastatic het-
erogeneity among subpopulations of a single mouse mammary tu-
mor: heterogeneity in phenotypic stability. Invasion Metastasis.
1982;3:22–31.

50. Miller F. Tumor subpopulation interactions in metastasis. Invasion
Metastasis. 1982;3:234–42.

51. Nicolson GL, Brunson KW, Fidler IJ. Specificity of arrest, survival,
and growth of selected metastatic variant cell lines. Cancer Res.
1978;38:4105–11.

52. Goldberg EP, Hadba AR, Almond BA, Marotta JS. Intratumoral
cancer chemotherapy and immunotherapy: opportunities for non-
systemic preoperative drug delivery. J Pharm Pharmacol. 2002;54:
159–80.

53. Guo C, Buranych A, Sarkar D, Fisher PB, Wang X-Y. The role of
tumor-associated macrophages in tumor vascularization. Vasc Cell.
2013;5:20.

54. Tong Q, Liu K, Lu X-M, Shu X-G, Wang G-B. Construction and
characterization of a novel fusion protein mg7-scfv/seb against gas-
tric cancer. J of Biomed and Biotechnol. 2010. doi:10.1155/2010/
121094.

55. Fooladi A, Sattari M, Nourani MR. Synergistic effects between
staphylococcal enterotoxin type b and Monophosphoryl lipid A
against mouse fibrosarcoma. J BUON. 2010;15:340–7.

56. Wang D, Xu Z, Yu H, Chen X, Feng B, Cui Z, et al. Treatment of
metastatic breast cancer by combination of chemotherapy and
photothermal ablation using doxorubicin-loaded DNA wrapped
gold nanorods. Biomaterials. 2014;35:8374–84.

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

Tumor Biol.

View publication statsView publication stats

http://dx.doi.org/10.1155/2010/121094
http://dx.doi.org/10.1155/2010/121094
https://www.researchgate.net/publication/283729582

	Tagging staphylococcal enterotoxin B (SEB) with TGFaL3 for breast cancer therapy
	Abstract
	Introduction
	Materials and methods
	Cell culture
	Mice and tumor models
	Assessment of �in�vivo antitumor activity of TGFαL3-SEB fusion protein
	Tumor growth inhibition
	Survival assay

	Cytokine assay
	Histological examination
	Immunohistochemical assay
	Ki-67 proliferation marker
	Tumor microvascular density

	Toxicity assay
	Statistical analysis

	Results
	TGFαL3-SEB inhibits xenograft 4T1 breast tumor growth �in�vivo
	TGFαL3-SEB enhances the survival of BALB/c mice bearing breast tumor
	Measurement of cytokine levels
	Intratumoral administration of TGFαL3-SEB induces high percent of tumor necrosis
	TGFαL3-SEB has potent anti-metastatic effect
	TGFαL3-SEB has no toxic effects on the liver and kidneys

	Discussion
	Conclusion
	References


