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The Role of Bacterial Superantigens in the Immune Response: From Biolo-
gy to Cancer Treatment

Behnam Emamgolizadeh Gurt Tapeh’, Mohammad Sadegh Hashemzadeh"" and Ali Mir Hoseini’

'Nanobiotechnology Research Center, Bagiyatallah University of Medical Sciences, Tehran, Iran; *Applied Microbiolo-
gy Research Center, Systems Biology and Poisonings Institute, Baqiyatallah University of Medical Sciences, Tehran,
Iran

Abstract: Aims: Encouraging results have been indicated preclinically and in patients using the
bacterial superantigen. This review article intends to summarize the role of the superantigens that
have been recently used in the treatment of cancer. In addition, the vector systems, including len-
tiviral vectors, adeno-associated vector systems and retroviral vectors that are increasingly being
used in basic and applied research, were discussed. Most importantly, the new CRISPR technique
has also been discussed in this literature review.

Discussion: More successful therapies can be achieved by manipulating bacterial vector systems
through incorporating genes related to the superantigens and cytokines. The products of SAg and
cytokine genes contribute to the strong stimulation of the immune system against tumor cells. They
bind to MHC II molecules as well as the V beta regions of TCR and lead to the production of IL2
and other cytokines, the activation of antigen-presenting cells and T lymphocytes. Additionally, su-
perantigens can be used to eradicate tumor cells. Better results in cancer treatment can be achieved
DOI: by transferring superantigen genes and subsequent strong immune stimulation along with other can-
10.2174/1573394716666200812150402 cer immunotherapy agents.
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Conclusion: Superantigens induce the proliferation of T lymphocytes and antigen-presenting cells
by binding to MHCII molecules and V beta regions in T cell receptors. Therefore, the presentation
of tumor cell antigens is increased. Additionally, the production of important cytokines by T cells
and APCs contributes to the stimulation of immune response against tumor cells. The manipulation
of bacterial vector systems through incorporating genes related to SAgs and other immune re-
sponse factors is a good strategy for the immune system stimulating and eradicating tumor cells
along with other immunotherapy agents.

Keywords: Superantigen, immunotherapy, cancer, T lymphocyte, immune response.

1. INTRODUCTION

Previous studies have confirmed the effects of bacterial
antigens in the modulation of the immune system. However,
the naming of staphylococcal enterotoxins as superantigens
has only been carried out by kappler and marrack in the year
1990 [1]. The term “superantigen” is used for antigens that
activate a large percentage of T lymphocytes. Superantigens
include bacterial and viral superantigens that can activate a
large number of different lymphocyte clones [1, 2]. Minor
lymphocyte stimulating gene products, very low concentra-
tions of bacterial exoproteins, phyto-hemagglutinin and con-
canavalin A, which stimulate a large percentage of T lym-
phocytes, are known as superantigens [3]. One of the most
important superantigens is Staphylococcus enterotoxin B [3,
4]. In addition, a number of recent studies have shown
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that several bacterial mitogens can be classified as superanti-
gens based on their properties [5, 6].

The mechanism of conventional antigens to activate T
lymphocytes is different from the activation of T lympho-
cytes by superantigens [2, 7]. T lymphocytes only recognize
continuous epitopes and are not able to recognize conforma-
tional epitopes [2, 7]. Accordingly, conventional antigens
must first be identified and phagocytized by the antigen-pre-
senting cells (APCs) to activate T lymphocytes. Within the
APCs, the antigen breaks down into small peptides. Conse-
quently, peptides are loaded into Major Histocompatibility
Complex (MHC) molecules [2, 7]. It is worth noting that the
MHC molecule is divided into two classes 1 and 2, having a
role in the delivery of specific antigens to T lymphocytes.
Thus, conventional antigens contribute to the activation of T
lymphocytes specifically, but the superantigen causes a
large number of T lymphocytes to be nonspecifically activat-
ed [2, 7]. Bacterial products are capable of modulating the
immune response [8]. The bacterial products that alter the

© 2020 Bentham Science Publishers
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immune system play an important role in the pathogenicity
of microorganisms. Numerous bacterial exo-proteins have
been identified that induce non-specific activation of T lym-
phocytes [8]. Based on previous studies, some of these bacte-
rial exo-proteins at very low concentrations activate T lym-
phocytes and contribute to the proliferation of them [5, 8].
Given that these bacterial exo-proteins stimulate a large per-
centage of T lymphocytes, they are more important than con-
ventional antigens and are considered as potential lympho-
cytic mitogens. These bacterial exo proteins also require anti-
gen processing similar to antigens (2). One of the most im-
portant antigen receptors, that are located on the surface of T
lymphocytes and consist of two alpha and beta chains, is
TCR or T Cell Receptor. The T-cell receptor identifies anti-
gens presented by APCs and consequently, is activated [5].
Bacterial exo proteins that induce nonspecific T cell activa-
tion and act as superantigens require cells containing MHC
IT molecules on the surface [9]. The previous studies have
shown that some bacterial superantigens, such as SEA, do
not bind to cells that do not express MHC II molecules on
the surface, but in cells containing MHC II molecules, this
type of superantigen contributes to severe stimulation of im-
mune system [10].

The application of superantigens in the treatment of can-
cer is a new topic that has been less elucidated. A deeper un-
derstanding of the mechanism of superantigens in immune
system modulation has an important role in the treatment of
cancer, because superantigens activate lymphocytes, in-
crease cytokine production in immune processor cells, in-
crease growth factor receptors on the surface of T cells, and
increase cytokine production by T lymphocytes and alter im-
mune function. An accurate understanding of these mech-
anisms and controlling the immune response created by su-
perantigens will certainly lead to great success in cancer
treatment.

2. INTERACTION OF SUPERANTIGENS WITH MH-
CII

Superantigens bind directly to the antigen-presenting
cells on the outside of the MHCII molecule. There are two
distinct sites for binding of the superantigens [11, 12]. One
of these sites is on the alpha chain of the MHCII molecule.
The other site is located on the beta chain. Binding to the be-
ta chain is about 100-fold higher than that of the alpha chain
and depends on the zinc molecule. The superantigens of
SEB and TSST) bind to the alpha chain of the MHCII
molecule through their hydrophobic core in the N-terminal
domain. Other superantigens also use this hydrophobic core
to bind to the MHCII molecule. Only some superantigens, in-
cluding SPE-H, SPE-C, and SME-Z2, lack this hydrophobic
core. Most superantigens, except SSA, TSST), and SEB,
have zinc ion binding sites that cooperate in the binding of
the superantigens to the MHCII molecule [11].

The binding is mediated by a bridging zinc ion which te-
trahedrally cooperates three ligands from SPE-C [13] and
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two ligands from SEH bind to one ligand of the MHCII
molecule. SEH lacks the generic site for binding to a chain
of MHCII but has the strongest binding to the B chain of the
MHCII molecule compared to other superantigens [14]. The
interaction between MHCII and SEA superantigens through
the zinc-binding site, located in the C-terminal domain of
SEA, is associated with a high affinity compared to the
generic site located in the N-terminal of SEA [15-17]. Super-
antigens that have distinct sites in both of the N- terminal
and C-terminal domains constitute the trimeric superanti-
gen-MHClI-superantigen complex [18]. Other superantigens
such as SEC and SPE-A lack zinc-binding sites on the C-ter-
minal domain. However, these superantigens contain a new
zinc-binding site in N-terminal. The interaction between
MHCII and superantigen that is mediated by this new zinc-
binding site is associated with a lower affinity compared to
the zinc-binding sites, which are located in C-terminal [19,
20]. Some superantigens form homodimers. SED forms
zinc-dependent homodimers [21] and the SPE-C can form
zinc-independent homodimers. The binding of these homod-
imers to MHCII is solely and may form either trimers or te-
tramers [22]. Some other superantigens, including SME-Z2,
SPE-G, and SPE-H, interact with MHCII in a zinc-depen-
dent manner. Therefore, superantigens have multiple sites
for interacting with MHCII. Superantigens may interact ei-
ther through ZINC dependent via the generic sites or a com-
bination of both. The presence of these multiple sites gives
superantigens a special arrangement through which they can
potentially stimulate the immune system [23] (Fig. 1).

3. INTERACTION OF SUPERANTIGENS WITH TCR

The main target of superantigens is T CD4+ lympho-
cytes [24]. Almost all superantigens react with the V beta re-
gion of TCR and cause more than 10% of resting T lympho-
cytes to be activated [3]. Superantigens have specific resi-
dues for particular V beta elements and react with TCR
through these specific residues. Therefore, sequence diversi-
ty within TCR binding sites in superantigens obtains the
cornerstone for a particular V beta repertoire for superanti-
gens [25]. Previous studies have demonstrated that the for-
mation of the main reaction depends on the interaction be-
tween side-chain atoms in superantigens and CDR1, 2 and
HV4 regions of TCR [11]. The change in only one residue
of the TCR-binding site is associated with the alteration of
the superantigen specificity [26]. Superantigens using TCR
binding sites constitute a shallow cavity. For example, in
SEB, this shallow cavity is formed by the part of B5-strand
and a5-helix, a2-helix, B2-B3 loop, and P4-strand, B4-B5
loop [27]. In concern with the reaction of superantigens with
TCR, some considerations are necessary. In some superanti-
gens, such as the TSST1, the location of TCR binding sites
is different from other superantigens. It is located in C-termi-
nal domain on the long a2-helix and between the B7-p8 and
02-B9 loops as part of the al-helix [28, 29]. Moreover, the
SEH superantigen stimulates the T cells through the direct in-
teraction between the V-alpha domain [30] (Fig. 2).
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Fig. (1). The interaction between superantigens and TCR/MHC II molecules. (4 higher resolution / colour version of this figure is available

in the electronic copy of the article).

4. STAPHYLOCOCCAL ENTEROTOXIN

Staphylococcus enterotoxin is one of the bacterial pro-
teins that strongly stimulates the immune system and has
various immunological activities. Recent studies have
shown that the common superantigens of Staphylococcus au-
reus can inhibit tumor cells and repair tissues and cells. The
mechanisms by which this superantigen contributes to the en-
hancement of the immune system are the activation of T
cells and natural killer cells, increasing production of cy-
tokines involved in T cell growth and differentiation, increas-
ing the phagocytic ability of phagocytes, increasing white
blood cells in peripheral blood and the inhibition of tumor
cells [31]. Recent studies have shown that Staphylococcus
enterotoxin A is one of the most potent bacterial superanti-
gens that induce the cytotoxicity of T cells and contribute to
cytokine production. In a study on colon cancer, the Fab
fragment of c242 monoclonal antibody, reactive against
colon carcinoma, was genetically fused with SEA. C242--
FAB-SEA activated SEA-responsive T cells against tumor
cells at nanomolar concentrations. The treatment of dissemi-
nated colon cancer cells from humanized SCID mice with
nanomolar concentrations of this fusion protein significantly
inhibited tumor growth. Additionally, immunohistochem-

istry showed severe infiltration of T lymphocytes in tumors
treated with c242-FAB-SEA [32].

Superantigens also show antitumor activity when it is
used as a vaccine. Interestingly, in one study by Chernow B
et al., the radiated melanoma cells were injected into mice
and then three days later, SEA and SEB were injected se-
quentially. When these mice were exposed to live melanoma
cells, they killed a large fraction of the tumor cells, and the
survival of the treated mice was significantly increased [33].
Studies have shown that after vaccination with radiated tu-
mor cells, immunological memory is significantly enhanced.
Accordingly, vaccination against cancer using superantigens
as an adjuvant-like factor is possible. Research on SEB
suggests that this superantigen has potential importance in
cancer treatment. The significant successes in the field of
cancer treatment in animal models using SEB have been de-
monstrated [34]. In one study by Perabo FG et al., it was
found when SEB is injected in appropriate doses to animal
models containing various types of tumor cells, most tumor
cells belong to the different cancers are eradicated and only
a small number of tumor types remain. A small number of
the remaining tumors were also substantially exposed with
apoptosis and infiltration of granulocytes [34].
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copy of the article).

Studies have shown that SEB plays a key role in reduc-
ing metastasis of breast cancer. It was also found in one
study that when SEA is associated with a trans-membrane se-
quence of the c-erb-B2 gene derived from ovarian tumor
cells, it spontaneously associates with the ovarian tumor cell
membrane and results in strong proliferation of peripheral
blood lymphocytes [35-38]47484950. Additionally, x in a
study on the SEA superantigen drained the lymph node from
the patient and exposed to the SEA superantigen for 48
hours. Subsequently, they expanded cells using interleukin-2
for 6-8 days. If these are harvested and re-injected to the pa-
tients, they will lead to a significant improvement in the dis-
ease and the residual tumors will fundamentally regress
[39].

Tumor-specific monoclonal antibodies also have an im-
portant role in tumor cell elimination using superantigens.
SEA fusion with tumor-specific antibodies contributes to the
eradication of more than 80% of tumor cells and promotes
the survival in mice models of melanoma [40-42]. Besides,
the fusion of SEA with a bispecific antibody, with specifici-
ty for a tumor-specific and a T cell-specific antigen indicat-
ed complete remission in 50% of treated mice and a signifi-
cant decrease in tumor growth in the remaining 50% [43].

Eva Erlandsson ef al. showed the decreased antibody re-
sponse that is commonly found in all individuals to the su-

perantigen enhances the tumor-killing property of superanti-
gen. Using epitope mapping, they found antibody binding
sites in SEA and SEE and genetically removed the anti-
body-binding epitopes around the MHC-II-binding sites.
Subsequently, they generated the SEA/E-120 superantigen.
SEA/E-120 had a low capacity to bind to the anti-SEA/E
and was more potent in the killing of tumor cells than
MHCII expressing cells. In addition, due to the deletion of
antibody-binding epitopes and low capacity to kill MHCII
expressing cells, the toxicity of SEA/E-120 was very low
[44].

5. HAS IN TUMOR THERAPY

Staphylococcus aureus metabolite forms highly aggluti-
native staphylococci (HAS). In fact, it is HAS, a biological
response of bacteria that mediates immune system modula-
tion. Low toxicity and strong ability to stimulate the im-
mune system are positive advantages of these superantigens,
so they can be used effectively in cancer treatment [31, 45].
According to a study by Chen ef al., the HAS superantigen
effectively increases the white blood cell count, especially
neutrophils, in the tumor environment, prevents bone mar-
row suppression by chemotherapy drugs, and increases pa-
tient tolerance to chemotherapy [31]. Two key mechanisms
that need to be considered here are that HAS alters peripher-
al hemogram and increases the percentage of neutrophils
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Fig. (3). The mechanism involved in highly agglutinative staphylococcin (HAS) in promoting tumor cell killing. (4 higher resolution /
colour version of this figure is available in the electronic copy of the article).

and white blood cells in the tumor environment [31]. Most
importantly, HAS superantigen has a high ability to activate
lymphocytes. Even a trace of HAS activates a large number
of lymphocytes and subsequently leads to the production of
different types of cytokines. It should be noted that an inac-
curate dosage of HAS can lead to immune system disorders
[31, 46]. HAS is an anti-tumor response modifier and its im-
portant ingredient is enterotoxin C. It strengths the activity
of NK cells and increases the rate of lymphocyte transforma-
tion, augments the production of interleukins (ILs), interfer-
ons, colony stimulating factors (CSFs) and other major cy-
tokines, thus strengthens the immune system function and
the ability to kill tumor cells without damaging healthy
cells. It also repairs damaged cells, restores immune system
function and reduces tumor metastasis and recurrence [31,
47, 48].

For the application of superantigens in cancer treatment,
four important biological processes must be considered. 1)
Apoptosis: when superantigens stimulate the immune sys-
tem and activate T cells, they augment cytokine production.

Significant cytokines, including TNF, INFs, and ILs, destroy
vascular endothelial cells of the tumor and also contribute to
the migration of blood cells to cancer tissue to eradicate the
tumor. Eventually, tumor necrosis and its eradication occur.
Another function of cytokines produced by immune cells is
to increase the differentiation of T lymphocytes. The differ-
entiation of T cells leads to the promotion of cytokine pro-
duction and acceleration of tumor eradication [31, 45, 49].

When T lymphocytes are activated by superantigens,
they also induce cytotoxin production by T cells. This super-
antigen-dependent cytotoxin-specific fusion protein rapidly
dissolves cancer cells and has a very strong affinity for tu-
mor cells. This mechanism is called the dissolution of tumor
cells [31].

Another mechanism through which superantigens can en-
hance the immune system, stability to eradicate tumor cells
is the clearance mechanism. In the clearance mechanism, in-
terleukins are produced by T cells to activate the lym-
phokine-activated killer (LAK) cells. LAK cells have potent
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anti-tumor activity. After being activated, LAK cells clear tu-
mor cells that are resistant to eradication [31].

Superantigens play an essential role in suppressing tu-
mor cell metastasis when cancer cells are growing rapidly.
They activate NK cells. Proteins and enzymes produced by
NK cells destroy the cell membrane of the cancer cells and
induce apoptosis in them. Thus, superantigens control im-
mune surveillance of the tumor [31].

In a study by Qu Yunjiao et al., it was found HAS in-
creases the efficacy of chemotherapy drugs in an advanced
type of breast cancer. Their study also found that HAS in
combination with a chemotherapy agent, vinorelbine, stimu-
lates the immune system against tumor cells strongly. Ac-
cordingly, patients who received vinorelbine + HAS showed
a significantly higher overall response rate than patients who
only received vinorelbine [45]. The results of Qu Yunjiao et
al. showed that superantigens play an essential role in con-
trolling malignant pleural effusion (MPE). MPE is one of
the relatively common complications in some different can-
cers. The fluid accumulates between the chest and lungs, the
patient feels short of breath and the chest takes on an abnor-
mal shape. Qu Yunjiao also demonstrated that HAS, in com-
bination with cisplatin, increases patients' survival and de-
creases fluid effusion. Therefore the combination of the drug
with HAS is associated with good prognosis in patients with

MPE [49]. According to recent studies, local injection of
HAS has a significant effect on the treatment of liver cancer.
On the first day of the injection of HAS, symptoms of elevat-
ed body temperature for one to three days were seen. In
some patients, the symptoms, including muscle pain and
weakness, were noticed, but other discomforts were not
seen. After three days, all the above symptoms disappeared
and body temperature returned to normal. No renal and liver
complications were noticed following the injection of HAS.
ECG and other routine tests were normal. The level of AFP
dropped significantly and approached to the normal. Finally,
it was found that staphylococcal superantigens increase the
number of anti-tumor cells. Given that they do not have sig-
nificant side effects in liver cancer patients, the injection of
HAS into liver cancer tissue can be associated with improv-
ing the immune system, increasing patient survival and re-
ducing the recurrence of disease [50].

Malignant ascites are a symptom of intra-abdominal can-
cers in which the fluid abnormally accumulates in the peri-
toneal cavity. According to the recent studies, the combina-
tion of staphylococcal superantigens with 5-fluorouracil, in
addition to being effective in controlling malignant ascites,
enhances the immune system and induces the anti-tumor ac-
tivity of the immune system. The combination of superanti-
gen with 5-fluorouracil had significant positive effects on all
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patients. A large number of patients achieved partial remis-
sion, and even some achieved complete remission. A group
of other patients also stabilized. Therefore, this study
suggests an effective and safe treatment in these patients
through superantigens (Fig. 3) [51].

6. TSST1 IN TUMOR THERAPY

Toxic-shock-syndrome toxin-1 (TSST-1) is a bacterial
superantigen that can activate T lymphocytes and can be
used in cancer immunotherapy [52]. W Wang et al. for in-
vestigating the immuno-modulatory effect of TSST1 selec-
tively increased the expression of TSST1 in colorectal can-
cer cell lines. They also transfected several copies of HRE
as an enhancer in addition to the TSST1 gene to colorectal
cancer cell lines. Their study demonstrated that TSST1 con-
tributes to the proliferation of human T cells, and the co-cul-
ture of cells containing high levels of TSST1 with PBMCs
instigates a high frequency of TNF-a and IL2 secreting T
cells particularly under hypoxia condition while PBMCs cul-
tured with control cells lacked this condition. The findings
of the study suggest that TSST1 plays an important role in
enhancing the antitumor properties of the immune system
and can be used effectively in cancer immunotherapy
[52-54].

Among the superantigens, TSST1 has the lowest molecu-
lar weight [55]. The main mechanism involved in the eradi-
cation of tumor cells through the TSST1 superantigen is the
non-specific binding to V beta elements in TCR molecules.
Subsequently, it activates a large number of T lymphocytes.
When a superantigen binds non-specifically to MHCII
molecules or V beta elements of TCR, it contributes to the
production of significant tumor suppressor cytokines, includ-
ing TNF-a and interferon INF-y [55, 56]. Selective delivery
of superantigen to cancer cells is a key factor in the effective-
ness of superantigen in eradicating tumor cells [57]. Small
peptides that bind specifically to cancer cells can be used to
deliver specific antigen to cancer cells. For instance, studies
have shown that the HCC79 peptide (KSLSRHDHIHHH)
can be used to deliver specific antigen to hepatocellular can-
cer cells [58].When it is specially delivered to cancer cells,
its presentation binding to TCR and MHCII molecules oc-
curs, and subsequent anti-tumor activity is increased. Final-
ly, robust activation of T cells occurs [58].

Yong-Qiung Jiang et al. also made extensive efforts to
treat hepatocellular carcinoma (HCC) using superantigens.
They indicated that a novel peptide, named HCC79 binds to
the hepatoma cell membrane with great specificity and po-
tency. This protein does not directly affect cancer cell prolif-
eration, but more importantly, suppresses cancer cell migra-
tion. They also found that HCC79 plays a critical role in de-
livering TSST1 superantigen to cancer cells for the creation
of potential immunotherapy. Accordingly, they generated
the fusion protein HCC79-TSST1. The fusion protein poten-
tially bound to the cancer cell membrane and subsequently
activated T lymphocytes for the anti-tumor activity. Surpris-
ingly, TSST1-HCC79 had a much higher inhibitory effect
on cancer cell progression than TSST1 alone. In addition,
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due to the specificity and high anti-tumor potency, HCC79
and TSST1 Sag could be developed for use in cancer im-
munotherapy in the future [58].

Surprisingly, superantigens, independently of MHCII,
contribute to the proliferation of T lymphocytes in vitro as
long as co-stimulatory signals were provided. Based on this
information, the researchers to increase the delivery of
TSST1 to the MHCII negative tumor cell membrane, fused
its coding region to the TM sequence of the proto-oncogene
c-erb-B-2 to construct TSST1-TM. Subsequently, MHCII
negative tumor cells strongly induced T cell proliferation
against tumor cells [59].

For the use of codon-optimized synthetic gene versions,
recombinant superantigens for cancer treatment in recent
studies have led to excellent results. It has been demonstrat-
ed that the anti-tumor activity of superantigens is due to the
production of cytokine and activation of T lymphocytes be-
cause they alone cannot contribute to tumor cell killing. In a
recent study, the effect of recombinant superantigens on the
production of cytokines by PBMCs was evaluated. It was
found that recombinant superantigens, including TSSTI,
SEB, SEA, and SPEA, potently induce the production of pre
inflammatory cytokines, including INF Gama and IL2. More-
over, these superantigens had no cytotoxic effect on PBMCs
and strongly activated T cells. The induction of the produc-
tion of INF and IL2 cytokines by TSST1 was similar to
SPEA. However, the induction of these cytokines by two
other superantigens, including SEB and SEA, was weaker
than TSST1 and SEB. Other cytokines, including 1L4, IL5,
and IL10, are induced by all recombinant superantigens at
very low concentrations. In concern with the potency of su-
perantigens in T cell activation, that was indicated all recom-
binant super antigens have a potent capability to activate T
lymphocytes, but TSST1 and SEB were more potent com-
pared to others. Superantigens alone are not capable of
killing tumor cells, but by activating T cells, they induce sig-
nificant apoptosis in cancer cells. Different concentrations
of the TSST1 and SEA induced 80 percent apoptosis in can-
cer cells. Other recombinant superantigens also induced 50
to 60 percent apoptosis in cancer cells (Fig. 4) [60].

7. STREPTOCOCCAL SUPERANTIGENS IN IM-
MUNOTHERAPY

Streptococcus pyogenes is one of the most important bac-
teria in group A Streptococcus, which produces various su-
perantigens and is associated with a diverse range of clinical
manifestations [61]. Eleven superantigens produced by Strep-
tococcus pyogenes include SSA, SmeZ, Spe, including the
serotypes of A, C, and G to M [61]. Many efforts have been
made to design immune-toxins using bacterial superanti-
gens, including Streptococcus pyogenes SAgs. These im-
mune toxins, collectively called TTSs (tumor-targeted super
antigen), compel T lymphocytes to recognize TAAs in a non
MHC restricted manner. TTSs, recombinant proteins, that
consist of a monoclonal antibody against tumor cells linked
to a superantigen, activate the patient's immune system and
in particular, increase CTL response [62-64].
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One of the key mechanisms that play an essential role in
the application of superantigens in cancer immunotherapy is
the use of PBMCs [65]. The immune response to Streptococ-
cus superantigens is quite specific at the biological and
pathogenic levels because they contribute to the polyclonal
activation of T-cells. According to recent studies, the incuba-
tion of PBMCs with therapeutic doses of SEB effectively in-
duces apoptosis in cancer cells. Mechanistically, superanti-
gens lead to the induction of FASL molecules on the surface
of PBMCs. Therefore, it is likely that if PBMCs are incubat-
ed with streptococcal superantigens, PBMCs will induce
apoptosis through the FASL-FAS mechanism [65, 66]. Su-
perantigen-treated PBMCs also produce massive inflammato-
ry cytokines, including IL2, TNF-a, and INF-y. Subsequent-
ly, T cell proliferation, immune response activation and FAS-
L-FAS mediated cytolysis are induced [61]. Interaction of
streptococcal superantigens with MHCII and V beta regions
of TCR molecules also produces inflammatory cytokines in-
volved in the immune response [61]. Another important
molecule that plays a key role in inducing immune respons-
es through streptococcal superantigens is the CD28 co-stimu-
latory molecule. Recent studies have shown that the binding
of streptococcal superantigens to CD28 molecules on T lym-
phocytes increases the sensitivity of T cells to the superanti-
gen. Therefore, cytokine production, superantigen activity
and the immune response are potentially increased [67-69].

SpeC, a polypeptide with 235 amino acids and a molecu-
lar weight of 24 KD, is one of the most important superanti-
gens produced by Streptococcus pyogenes . This superanti-
gen potently stimulates different clones of T cells. Unfortu-
nately, it causes a life-threating disease called streptococcal
TSS, and it makes TSS to be a barrier to use SpeC in cancer
immune therapy.

According to the studies, SpeC preferentially binds and
activates human VB2+ T cells, even though this superanti-
gen is capable of binding to VB3, 4, 12, 15 T cell subsets
[70, 71]. Some residue mutations in SpeC can dramatically
reduce its toxicity, but the problem we face here is by alter-
ing some of the amino acids required for decreasing toxicity,
such as ASP203 to Ala, the potency of superantigen for the
activation of T cells is suppressed therefore the effect of im-
mune therapy is neutralized [13]. However, with a compres-
sive structural analysis of SpeC and the identification of criti-
cal amino acids involved in the biological functions of SpeC
such as Tyr15 and Asp203, we gain knowledge that may al-
so allow for SpeC to be engineered as a prototype SAg for
future use in human disease particularly in cancer im-
munotherapy [13, 72, 73].

In a study by William B. Coley, it was found malignant
tumors in patients with a concurrent bacterial infection have
significantly regressed. To evaluate the accuracy of this ex-
crement, Colley treated bone and soft tissues of sarcoma
with infectious erysipelas and repetitively indicated infec-
tion associated tumors have considerably regressed [74, 75].
Patients with bacterial infections showed some important
symptoms, including fever, chills, and malaise. In this excre-
ment, Colley focused on treatment with live Streptococcus
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[74, 75]. Due to lethal infection caused by live bacteria, Col-
ley subsequently generated Colley toxin. This toxin consists
of heat-killed streptococcal and serratia marcescens or-
ganisms [75, 76].

Colley injected the toxin into more than a thousand can-
cer patients and believed that the immune response to the
toxin would kill the tumor cells. His success in treating
breast cancer, lymphoma, melanoma, and in particularly sar-
coma, suggests that injecting this bacterial vaccine is the
cornerstone of the development of future cancer immunother-
apy. Most of Colley et al. successes were due to bacterial su-
perantigens. Many studies have shown that bacterial super-
antigens strongly stimulate the immune system and subse-
quently contribute to the tumor cell killing [75, 76]. If we
use Streptococcus superantigens instead of alive or heat-
killed bacteria in this vaccine, we will still get more brilliant
results. Streptococcal superantigens alone or in combination
with other bacterial superantigens will repeat significant suc-
cesses. Additionally, it can lead to the eradication of tumor
cells if the monitoring of the patient is done carefully.

Other studies have shown that Streptococcal superanti-
gens cause cell growth arrest. This antitumor activity may
be attributed to strong immune stimulation by a systemic in-
crease in granulocyte count and cytotoxic T cells [77]. Addi-
tionally, in a study by Elizabeth. L Brown DVM et al., it
was demonstrated the injection of a vaccine containing plas-
mid DNA expressing Streptococcus pyogenes EMMS55 pro-
tein has a substantial anti-tumor effect. They indicated that
this vaccine contributes to the reduction of total tumor bur-
den to 42% compared to the initial size of the tumor [78].

Other streptococcal superantigens, for example, strepto-
coccal pyrogenic exotoxin (SPE)-C, cause the activation and
expansion of T lymphocytes carrying V3.2, VB12.5,
V2.1, and VB15.1 with a potential preference for Vp2.1,
whereas streptococcal mitogenic exotoxin (SMEZ) indicates
specificity for V2.1, VB4.1, V7.3 and V8.1 regions with
a preference for V4.1 and V8.1 [79]

8. VECTOR SYSTEMS IN GENE THERAPY

Today, cancer gene therapy using a variety of vector sys-
tems has gained considerable attention. So far, several gene
vectors have been developed to treat cancer and allow signif-
icant advancements in cancer treatment. The first success in
treating diseases was obtained by retroviral vectors. In addi-
tion, vector biology should also be studied fundamentally be-
cause successes in cancer treatment have been overshad-
owed by the occurrence of vector-related cancers. Several
vector systems, including lentiviral vectors, baculovirus ex-
pression vector system, and adeno-associated vector system,
are increasingly being used in basic and applied research
[80-84]. Besides, in cancer research, superantigen genes can
be incorporated into these vectors. Consequently, the produc-
tion of superantigens leads to the stimulation of immune
cells against tumor cells and better results in cancer treat-
ment.

In a study by LuciaVanrell ef al., it was found recombi-
nant AAV vectors have an essential role in preventing liver
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cancer cell metastasis. They designed a hepato specific bidi-
rectional and auto-regulatory tetracycline (Tet)-On system
(Tet,q,Alb) flanked by AAV inverted terminal repeats
(ITRs). To evaluate the therapeutic effect of the recombinant
AAV vector, they placed the IL12 gene into the vector.
Therefore, they generated AAV-Tetbidir-Alb-expressing
IL-12. Consequently, the induction of IL12 and INF-y was
performed by the vector in a murine model for hepatic col-
orectal metastasis. The toxicity was significantly low and
AAV-Tetbidir-Alb-expressing 1L-12 induced T cell memory
response against liver tumor cells and prevented the estab-
lishment of tumor cell metastasis. In addition to IL12, super-
antigen genes can also be incorporated into the AAV-Tet-
bidir-Alb-expressing IL-12 system. More importantly, these
superantigens can promote the stimulation of T lymphocytes
against tumor cells and can lead to better results in prevent-
ing cancer cell progression [85].

Recent studies have shown that manipulation of the
AAV-6 vector could potentially increase the efficiency of
gene transduction to prostate, liver, and breast cancer cells.
When the Arg-Gly-Asp (RGD) peptide was incorporated in-
to the virus capsid, the specificity of this vector for gene de-
livery to cancer cells increases. The AAV-RGD improves
gene transduction efficiency approximately three-fold in
comparison with wild type AAV-6 vectors. Furthermore, it
was found that mutagenesis in surface-exposed tyrosine and
threonine residues involved in the intracellular trafficking of
AAYV vectors increased gene transduction up to 5-fold. More
importantly, AAV-6-Y705-731F-T492V, in combination
with RGD peptide, is the potential gene transducer vector
that contributes to the promotion of gene delivery approxi-
mately 8-fold. Thus, other manipulations of this vector, such
as the insertion of immune-stimulating interleukin genes and
important superantigen genes, could lead to potent and spe-
cific stimulation of the immune system against tumor cells
[86].

Lenti viruses are widely used in cancer therapy. In a
study by Xiao Qin et al., it was found that increased expres-
sion of miR-199a using lentiviral vectors substantially in-
hibits cell proliferation through the suppression of HIF1a ex-
pression in hepatocellular carcinoma. Med19 acts as an es-
sential factor in the proliferation of breast cancer cell lines,
which suggests that the suppression of Med19 could be a
promising strategy for breast cancer therapy. Recent studies
indicated the increased expression of Med19 in breast can-
cer tissues. Med19 expression is significantly correlated
with tumor progression. In a study by Li-Hua Li et al., it was
demonstrated the suppression of Med19 in human breast can-
cer MDA-MB-231 and MCF-7 cells with lentiviruses deliv-
ering small hairpin RNA (shRNA) against Med19 con-
tributes to the inhibition of tumor cell progression. The inhi-
bition of Med19 expression resulted in the augmentation of
cancer cells in the GO/G1 phase and significantly attenuated
the proliferation of MDA-MB-231 and MCF-7 cells in vitro.
Additionally, the suppression of MEDI19 expression in
breast cancer using shRNA against MED19 along with inte-
grating genes related to immune system regulation, impor-
tant cytokines as well as superantigens in lentivirus vector
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containing shRNA against MED19, results in the suppres-
sion of tumor growth substantially [87, 88].

Another study by Flavie Sicard et al. demonstrated that
LVs-transduced human pancreatic ductal adenocarcinoma (P-
DA) efficiently suppressed the expression of miR-21, both
in vitro and in vivo. Subsequently, cancer cell proliferation
was substantially inhibited and the apoptosis rate of PDA-
derived cell lines through the mitochondrial pathway was
strongly increased. in vivo, through the induction of apopto-
sis, the suppression of miR-21 inhibited the progression of a
very aggressive phenotype of PDA. Furthermore, combining
miR-21 targeting and chemotherapeutic agents provoked tu-
mor regression [89]. In addition to suppressing miRNAs us-
ing lentiviral vectors, manipulating of this vector for comb-
ing of the immune-stimulating cytokines as well as superanti-
gens can be used to make the immune system more potent
against tumor cells.

Non-integrating lentiviral vectors are a potent and safe
delivery system in cancer immunotherapy. Recent studies
have reported that a single immunization with the integra-
tion of defective lentiviral vectors (IDLVs) congaing tumor
model antigens contributes to the strong stimulation of the
immune system against tumor cells. Human antigen-present-
ing cells have an important role in gene therapy with IDLVs.
The infection of APC cells including monocyte-derived den-
dritic cells (DCs) and macrophages with IDL Vs that contain
genes involved in immune system regulation including cy-
tokines as well as superantigens can lead to immune system
stimulation against tumor cells. Surely, IDLVs can play a
brilliant role in regulating the immune system and tumor cell
eradication [90].

According to a recent study, systemic administration of
lentiviral vectors expressing kallistatin suppresses the prolif-
eration of metastatic cancer cells and promotes the survival
of tumor-bearing patients. These results suggest that gene
therapy using lentiviruses containing the kallistatin gene,
which exerts anti-angiogenic and anti-metastatic activity can
contribute to a promising strategy for lung cancer treatment.
Additionally, this study confirmed that lentiviral vectors ex-
pressing kallistatin lead to the inhibition of migration and
proliferation of endothelial cells and also reduce the inva-
sion of tumor cells. Tumor-bearing mice models that re-
ceived lentiviral vectors expressing kallistatin had low tu-
mor nodules and longer survival than the control group. Suc-
cessful therapies and better results can be achieved by manip-
ulating these vectors and integrating genes involved in regu-
lating the immune system. In addition, the specific stimula-
tion of immune cells by integrating cytokine and superanti-
gen genes can lead to the specific eradication of tumor cells
[91, 92].

Other vector systems, including retroviral vectors, are in-
dicative of cancer immune therapy. The use of retroviral vec-
tors for gene delivery in cancer immune therapy was first in-
troduced in 1980. The moloney MLV has a simple genome
and it is commonly used as retroviral vectors in gene thera-
py. In the MLV genome, the polypeptides of gag and env
are essential for viral replication and package. The gag, pol,
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Fig. (5). Gene editing with the CRISPR/CASO9 technique. (4 higher resolution / colour version of this figure is available in the electronic

copy of the article).

and env are replaced with an expression cassette containing
the gene of interest that is under the control of a promoter.
Like other vector systems, the indications of retroviral vec-
tors in cancer therapy are mediated by the suppression of a
specific gene by delivering siRNAs, the increasing of gene
expression by integrating important immune regulating
genes, efc. Finally, it is important to note that the manipula-
tion of retroviral vectors and placing cytokine, superantigen
and immune regulating genes can be the best strategy for
eradicating tumor cells along with the suppression of genes
involved in cancer cell processes including proliferation, me-
tastasis, and angiogenesis [81].

9. CRISPR TECHNIQUE IN CANCER THERAPY

Nowadays, targeted methods of altering the genome of
living cells have provided powerful tools in the treatment of
genetic diseases. The CRISPR/Cas9 technique is one of the
newest genome editing tools designed based on bacterial im-
mune system gene-editing techniques. This is a very effi-
cient, fast, and simple technique that is hoped to be able to
remove, add or modify any gene in the cell. In the first step,
the required sgRNA for targeting the gene of interest as well
as the primers needed to determine genotypes are designed
by in silico tools. In the second step, the sgRNA is cloned
with an expression plasmid that contains scaffolding RNA
and the Cas9 protein coding sequence. Then this plasmid
that contains all of the components needed to target the gene
is transferred to the target cells. At the last step, the cells
that receive the plasmid are proliferated [93].

As we know, all cancers are caused by numerous muta-
tions that contribute to abnormal proliferation and malignant
phenotypes, these mutations lead to the abnormal expression
of oncogenes, tumor suppressor genes, epigenetic agents and
genes that induce chemotherapy resistance. The CRISPR/-
Cas9 system, as a powerful and secure tool with high speci-
ficity, can modify these patterns and treatment of cancers
caused by those mutations [93, 94]. The oncogenicity
changes in a number of cancers cause increased proliferation
of cells and malignant phenotypes. Therefore, targeting onco-
genes, for instance, Tyrosine kinase receptor Erb2 by CRIS-
PR/CASO9, can be helpful in cancer treatment [95-97]. What
is important about the CRISPR technique in this study is
that using this technique could modify the genome, which
stimulated the immune system against tumor cells. Gene edit-
ing using this technique allows new genes to be integrated
very specifically into the genome. Superantigen related
genes, along with other immune-stimulating factors and,
more importantly, genes that are involved in tumor suppres-
sion, can be entered into the genome using the CRISPR tech-
nique and exert their anti-tumor effects (Fig. 5).

CONCLUSION

It is now widely demonstrated that superantigens can
play a critical role in the eradication of tumor cells. Super-
antigens stimulate the proliferation of lymphocytes and anti-
gen-presenting cells by binding to MHCII molecules and V
beta regions in T cell receptors. Thus, the tumor antigen-pre-
senting to the T lymphocyte and polyclonal T cell activation
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is induced. Additionally, the production of important cy-
tokines by T cells and APCs contributes to the stimulation
of immune response against tumor cells. When vector sys-
tems are used to increase the expression of a particular gene
or suppress a gene to treat cancer, notable successes can be
achieved by incorporating genes related to superantigens or
factors involved in the immune response to tumor cells.
Thus superantigens, since they induce an immune response
against a tumor cell if used with other cancer immunothera-
py agents, can certainly play a very important role in cancer
treatment.
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