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Abstract 
Superantigens are toxins produced in hosts by some pathogenic microbes as a mechanism to 

sustain their pathogenicity. Superantigens are highly resistant to degradation by proteases enzyme, 
heat denaturation, and cause many dangerous diseases that in severe cases lead to death. Superanti-
gens are atypical antigens that stimulate a profound proliferation of polyclonal T cells at low con-
centrations. All superantigens have a standard architecture even though they differ in amino acid 
sequences and are divided into two groups: endogenous superantigens and exogenous superantigens. 
The major histocompatibility complex molecules on antigen-presenting cells and T cell receptors on 
T cells are the major players in identifying foreign antigens. Superantigens can bind nonspecifically 
to both the major histocompatibility complex class II molecules and T cell receptors and form a tri-
molecular complex. Superantigens do not follow conventional antigens processing and presentation; 
they bind as intact macromolecules outside the antigen-binding groove of the major histocompatibil-
ity complex class II and to Vβ of T cells receptors. Thus, triggering an excessive release of proin-
flammatory cytokines, radiotherapy and chemotherapy often develop radio/drug resistance. Hence, 
cancer immunotherapy has been mainly considered as it instigates the patient’s immune system to 
fight cancer. Superantigens are one of the most potent T cell mitogens as 0.1 pg/ml is adequate to 
excite T lymphocytes. Accordingly, extensive in-vivo/in-vitro investigations have been conducted 
on the potential role of superantigens in eradicating tumors. The safety and effectiveness of superan-
tigens as a cancer treatment have been verified in many clinical trials. Nevertheless, the vast in-
flammation after the potent T cell activation is known to promote diseases, including cancer. This 
paper reviews the potentiality of superantigen as an immunotherapy treatment against cancer.  

Keywords: Superantigens, Enterotoxins, T cell, MHC, Immunotherapy, Cancer, proinflam-
matory cytokines.  

 
Introduction  
Superantigens (SAgs) are toxins produced in hosts by pathogenic microbes such as bacteria, 

viruses, and mycoplasma. SAgs are a leading cause of many dangerous diseases such as toxic shock 
syndrome (TSS), food poisoning, and scarlet fever (Reiser et al., 1988). SAgs are highly resistant to 
degradation by proteases enzyme and heat denaturation. They vary in size from 22 to29 kDa and are 
absorbed by the epithelium as intact proteins (Papageorgiou and Acharya, 2000).. SAgs are atypical 
antigens that stimulate a profound proliferation of human and other mammalian T cells; this stimula-
tion occurs at a very low superantigens concentration compared to conventional antigens (Marrack  
and Kappler, 1990, Chen, 2021). In One theory, microbes produce SAgs to maintain their pathoge-
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nicity and colonization in the host as SAgs convey the immune response away from the microbe’s 
colonies by eliciting cytokine responses that disrupt the activity of the effector cells (cells responsi-
ble for the clearance of pathogens) as reported by Tuffs et al., 2018). 

SAgs differ in the amino acid sequences, but all have a typical architecture. SAgs consist of 
two domains: amino-terminal domain and carboxy-terminal domain. The two parts are spanned with 
a long solvent-accessible α -helix in the center and have a zinc-binding site. The amino-terminal 
domain consists of a β -barrel, and α -helix, exposed hydrophobic residues, and a disulfide bridge. 
The carboxy-terminal domain consists of four β -sheets flanked by an α -helix (Chen, 2021). The 
Zinc-binding site is found in most SAgs, and it has a direct effect on the recognition of superanti-
gens by MHC class II molecules (Baker and Acharya, 2003). The aim of this review is to study the 
superantigen as a promising immunotherapy Treatment against Cancer. 

 
Materials and methods  
Research Methods  
To analyze the nature of this paper and to achieve the research objective, the qualitative me-

thod is applied. Qualitative research is the systematic inquiry in natural phenomena, which summar-
ize the detected data. Systematic review and meta-analysis specifically are generally recognized to-
day as superior to the traditional literature review where the review’s conclusion was based on the 
collected data without any comparison between the results.  

Research techniques to be used 
The used steps to write a good and a systematic review are as the following:    
At first the aims  of the study’ must be specified,  the current state of knowledge must be ex-

plained, the different elements and  criteria of each section must be  briefly discussed and compre-
hensive foundation on the topic must be provided, gaps in existing studies  must be discussed for 
potential and future research. Then, the main methodologies and research techniques must be high-
light and finally, conclusions based on the collected data must be added and discuss. Brief interpre-
tations in view of the study’s strengths and limitations, similarity in the steps between a primary 
study and a systematic review and the expected results are explained and discussed. 

 
Results  
Superantigens bind MHC class II molecules and T cell receptors  
One of the properties of Superantigens is their unique ability to bind non-specifically to both 

major histocompatibility complex (MHC) class II molecules on antigen-presenting cells (APC) and 
T cell receptors (TCR) on T cells. The binding of SAg forms a trimolecular complex that activates 
more resting T cells (1 in 5 T cells) than the conventional antigens (Baker and  Acharya, 2004).   

One of the key players in identifying foreign antigens is MHC, also called the human leuko-
cyte antigen (HLA). MHC molecules play an essential role in both cell-mediated and humoral im-
munity. MHC is a large region of the vertebrate DNA and comprises hundreds of alleles. In humans, 
the MHC region is located on chromosome 6, and it encloses 224 genes; these genes express pro-
teins involved in antigen processing and presentation. MHC genes that deliver specific antigens to T 
lymphocytes are classified into MHC classes I and II. MHC genes are essential for the adaptive im-
mune system as they expressed on the cell surface and called MHC molecules. MHC molecules 
present antigens on the cell surface to help specify the antigens by the adaptive immune system and 
support the elimination of abnormal/infected cells (Wen et al., 1996, Sur et al., 2013). 
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The roles of both MHC class I and class II molecules are to present peptides at the cell sur-
face to CD8+ and CD4+ T cells, respectively. Nevertheless, the mechanisms of antigens processing 
and presentation by both MHC class I and II molecules differ and are well-determined (Neefjes et 
al., 2011). Type I MHC is found on all nucleated cells, and it presents peptides from all intracellular-
ly expressed proteins. Abnormality in one of these proteins activates CD 8 lymphocytes that elimi-
nate the cell through apoptosis whereas MHC Class II is located on some types of immune cells 
known as antigen-presenting cells or APC such as macrophages, monocytes, and dendritic cells. The 
role of APC is engulfing encountered pathogen and presenting part of it to the appropriate T cell. T 
cell then evokes different responses and alerts the immune system of the threat. Thus, MHC Class II 
present peptides derived from foreign proteins only (Vyas et al., 2008). 

Pathogens from external sources are engulfed and processed intracellularly in the cytoplas-
mic phagolysosomes; a single peptide (antigen) then is loaded on MHC class II molecules and 
transported to the cell surface (Zumla, 1992). TCR on T cell recognizes and binds to the antigen epi-
tope on the HLA complex of APC. The co-stimulatory signals B7-2/CD28 are required to maintain a 
reasonable and adequate immune response to minimize unnecessary effects (Vaishnani,  2009). 

Another key player in the identification of antigens is T cells. T cells, types of white blood 
cells (leukocytes), have a crucial role in the adaptive immune response. CD4+ T cells are one of the 
most important immune cells for their production of different types of cytokines and chemokines 
that help in assisting B cells to make antibodies, stimulating macrophages microbicidal activity, and 
attracting neutrophils to the site of infection (Zhu  and Paul,  2008). CD4+ T cells are divided into T 
regulatory cells (Treg) and T helper (Th) cells. As their names imply, Th cells help the adaptive im-
mune system activate other effector cells such as B cells, macrophages, and CD8+ cytotoxic T cells. 
While Treg cells maintain self-tolerance by blocking Th cells' harmful activities that may cause au-
toimmune diseases (Corthay, 2009). CD4+ T cells are the primary targets of superantigens as the 
activation of CD4+ T cells results in the production of T helper type 1 (Th1) cytokine that sup-
presses the production of antibodies and increases the invading microbe (Baker and Acharya, 2003) 

T cells recognize viruses /bacterial invading and cancerous cells through their cell surface 
receptors that are called T cell receptors (TCRs). Most cell-surface receptors recognize a single li-
gand, whereas each TCR recognizes distinct ligands with different affinities (Janeway et al., 2001). 
TCR has either α/β or γ/δ heterodimers (90% of peripheral blood T cells have α/β peptide chain) that 
recognize and bind antigens presented by MHC molecules on APC. Another complex involved in 
the activation of TCR is the cluster of differentiation 3 (CD3) complex that consists of four distinct 
subunits (epsilon (ε), gamma (γ), delta (δ), and zeta (ζ)). These peptides assemble and form three 
dimers (εγ, εδ, ζζ). All CD3 subunits possess immunoreceptor tyrosine-based activation mo-
tifs (ITAMs) in their cytoplasmic domains (Goyette et al., 2019). 

The conventional recognition of foreign antigens differs from the recognition of superanti-
gens. In the conventional recognition of antigen, the α and β variable regions of the TCR must inte-
ract with the antigen that is processed intracellularly and presented on the major groove of the MHC 
molecule on the surface of APC (Fig1). After the APC produces a co-stimulatory signal, biochemi-
cal changes start in the cytoplasmic region of the CD3 complex and stimulate an immune synapse 
(IS) between T cells and APCs. These synapses activate a small fraction of T cells, <0.01% (Gaud et 
al., 2018). However, Superantigens differ from conventional antigens in various aspects. Superanti-
gens do not process intracellularly; instead, they bind as an intact macromolecule to APC and T 
cells. SAgs bind from one end to conserved residues on MHC class II molecules outside the antigen-
binding groove of APC and from the other end to the V β regions on TCR forming a complex of 
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APC-SAg-T cell (Fig1). Thus, activating a high frequency of responding T cells (up to 20% of all T 
cells). MHC class II molecules have two different superantigen binding sites. One is a low-affinity 
binding site called the generic site found on the α-chain of the MHC class II molecule. The second is 
a high-affinity zinc-dependent site on the β-chain (Baker and Acharya, 2003). Superantigens are not 
processed intracellularly and do not fit in the MHC II binding groove; thus, bypassing the conven-
tional antigen processing and presentation (Jett  et al., 2002, Agrawal  and Kamboj,  2012).   

The interaction between CD28 and its B7-2 co-ligand is usually weak; yet,  It is found that 
superantigens induce production of cytokine storm not only by the interaction between MHC-II mo-
lecule and T-cell receptor but also by enhancing the engagement of the B7-2/CD28 coreceptor, 
which turned out to be critical superantigen receptor (Levy et al., 2016). The design of short pep-
tides that mimic B7-2/CD28 dimer block the binding of superantigen to these receptors and protects 
from the lethal shock caused by the over-stimulation of immune cells (Kaempfer, 2018). 

 

 
Figure 1. Comparison between the interaction of MHC class II molecules / TCR with conven-
tional antigen versus superantigens: in the left, classical antigen is located within the antigen-
binding groove of MHC class II and binds to both α and β chains. In the right, superantigen 

interacts with MHC class II and TCR by binding to specific residues on MHC class II outside 
the antigen-binding groove from one end and the variable b region of TCR from the other end 

(Tuffs et al., 2018). 
 

Types of superantigens  
There are two types of superantigens: the first type is endogenous superantigens. Endogen-

ous superantigens are the product of retroviruses that invade hosts and integrate into the genome. 
Once combined, they are expressed as a part of the host genome. One example of endogenous supe-
rantigens is the mouse mammary tumor virus (MMTV), a B-type retrovirus transmitted through the 
milk to offspring and joined into the germline causing murine mammary carcinoma. The MMTV 
DNA encodes endogenous SAg called the minor-lymphocytes-stimulating (MLS). It is the first su-
perantigen described by Festenstein in 1973 as it stimulates a significant fraction of the T cells [20]. 
Another example of endogenous superantigens is the Epstein-Barr virus (EBV). This human herpes-
virus encodes over 100 genes, is transmitted via saliva, and infects nasopharyngeal epithelial cells 
and B lymphocytes. The infection of EBV usually occurs in early childhood with no consequences 
until adolescence, where the EBV develops to infectious mononucleosis, IM (Rajagopalan et al., 
2005). The second type of SAg is exogenous superantigens. Exogenous superantigens are produced 
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by microbes such as Staphylococcus aureus and Streptococcus pyogenes (Rajagopalan et al., 2005). 
Bacterial superantigens are the most potent activators of T cells. In vitro investigations indicates that 
picograms concentrations of bacterial superantigens can stimulate huge proliferation of peripheral T 
cells and massive cytokine production (Tuffs et al., 2018).  

Types of superantigens  
There are two types of superantigens: the first type is endogenous superantigens. Endogen-

ous superantigens are the product of retroviruses that invade hosts and integrate into the genome. 
Once combined, they are expressed as a part of the host genome. One example of endogenous supe-
rantigens is the mouse mammary tumor virus (MMTV), a B-type retrovirus transmitted through the 
milk to offspring and joined into the germ line causing murine mammary carcinoma. The MMTV 
DNA encodes endogenous SAg called the minor-lymphocytes-stimulating (MLS). It is the first su-
perantigen described by Festenstein (1973) as it stimulates a significant fraction of the T cells. 
Another example of endogenous superantigens is the Epstein-Barr virus (EBV). This human herpes 
virus encodes over 100 genes, is transmitted via saliva, and infects nasopharyngeal epithelial cells 
and B-lymphocytes. The infection of EBV usually occurs in early childhood with no consequences 
until adolescence, where the EBV develops to infectious mononucleosis, IM (Rajagopalan et al., 
2005). The second type of SAg is exogenous superantigens. Exogenous superantigens are produced 
by microbes such as Staphylococcus aureus and Streptococcus pyogenes (Rajagopalan et al., 2005). 
Bacterial superantigens are the most potent activators of T cells. In vitro investigations indicates that 
picograms concentrations of bacterial superantigens can stimulate huge proliferation of peripheral T 
cells and massive cytokine production (Tuffs et al., 2018).  

Staphylococcus enterotoxin highly stimulates the immune system and has many immunolog-
ical activities (Tapeh et al., 2020).  The bacterium, S. aureus, gram-positive bacteria, are one of the 
normal and harmless microbiotas found in the human nasopharynx. It considers pathogenic once the 
skin, the primary barrier that isolates it from the bloodstream, is penetrated. Staphylococcal superan-
tigens cause serious diseases such as food poisoning, toxic shock syndrome, staphylococcal scalded 
skin syndrome. Staphylococcal aureus can produce up to 24 types of superantigens divided into 
three groups: enterotoxins, exfoliative toxins, and TSST- 1. Enterotoxins are made under certain 
conditions in foods and culture media and involve seven types (SEA, SEB, SEC 1, SEC2, SEC3, 
SED, SEE); all enterotoxins have a high ability to stimulate T cells (Vasconcelos et al., 2010).    

Studies from various mammalian species have shown that bacterial superantigens such as 
staphylococcus enterotoxin provoke nonspecific activation of lymphocytes. Because bacterial supe-
rantigens excite many T cells and they are called T-cell mitogens. After the MHC II /superantigen 
complex bind to T cells, a massive release of a wide range of cytokines occurred, such as interferon-
gamma, tumor necrosis factor (TNF), interleukin 2 (IL-2), interleukin 4 (IL-4), and interleukin 6  
(Jett et al., 2002). Therefore, the stimulation of T cells can be inhibited by the addition of antibodies 
to MHC class II molecules (Misfeldt et al., 1990). All Enterotoxins bind with different affinities to 
MHC class II and TCR (Hudson et al., 1995). 

Superantigens and proinflammatory cytokines 
Cytokines are proteins usually produced by immune cells and act as ligands that bind to spe-

cific receptors on effector cells to stimulate the proliferation, differentiation, or drive inflammatory 
or anti-inflammatory responses (Berraondo et al.,  2019). Superantigens trigger excessive cytokines, 
especially proinflammatory cytokines such as IFNγ, TNF-α, IL-1β, IL-6 [29]. The massive release of 
proinflammatory cytokines caused by SARS-CoV-2 (Coronavirus) SAgs are believed to be the rea-
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son for the systemic shock, acute respiratory syndrome, multiorgan failure occurrence in patients 
with severe COVID-19 (Scaglioni et al., 2020). 

IFNγ is the main cytokine produced in response to SAg/T cell interaction. IFNγ is one of the 
interferon proteins family that aids host resistance to microbial infection and plays a critical role in 
immune/inflammatory responses and tumor immunosurveillance. It is produced by NK cells and 
specific CD4+ and CD8+ subsets of T cells following immune and inflammatory stimuli. The pro-
duction of IFNγ regulates cell-mediated immune responses; Th1 cells produce IFNγ to enhance ma-
crophages and cytotoxic CD8+ T cells. IFNγ prevents the formation of many primary and trans-
planted tumors in mice. It stimulates host responses to tumors by affecting tumor survival, blocking 
tumor angiostasis, or enhancing the innate and adaptive immune responses against tumors (Ikeda  et 
al., 2002). IFNγ has effects on not only immune cells but somatic cells and tumor cells. It prevents 
tumor development through its ability to slow tumor cell proliferation, up-regulate the expression of 
MHC class I and components of the antigen-processing mechanism, induce signals in T cells for in-
creasing effectiveness, and induce apoptosis. The binding of IFNγ to its receptor consists of two 
parts, IFNgR1 and R2, on the cell surface. This causes the receptor to dimerize and activate down-
stream signaling, Such as Janus kinase (JAK)–signal transducer and transcription 1 (STAT1) path-
way, by transphosphorylation. Downstream signaling then regulates transcription and all cellular 
changes associated with IFNγ (Ni  and Lu, 2018). A high level of IFNγ helps S. aureus persist and 
proliferate during systemic infection (Tuffs et al., 2021). 

Tumour necrosis factor-alpha (TNFα) is another cytokine made by inflammatory cells, main-
ly macrophages, and plays a significant role in the immune system and tumor surveillance. TNFα 
has two binding sites, one on the TNFR1 receptor, which is expressed in most tissues as a death re-
ceptor, and the other on TNFR2 expressed in immune cells. The binding of TNFα to its receptor ac-
tivates three central signaling cascades: the nuclear factor kappa B (NF- κB) pathway, the   mitogen-
activated protein kinase (MAPK) pathway, and the stimulation         of death signaling. TNF-α induces 
cancer cell death by activating antigen-presenting cells, enhancing proliferation of effector T cells, 
and initiating massive hemorrhagic necrosis of transplanted tumors. TNFα binds to tumor cells, en-
dothelial cells, blood vessels, and normal cells and provokes damage to many cells types. Likewise, 
TNF-α stimulates Th9 cell differentiation which induces further potent inhibition of tumor growth in 
mouse models (Shen et al., 2018, Jiang et al., 2019).                                   

 IL-6 is produced by innate immune cells such as macrophages and monocyte following in-
fections or tissue damages. IL-6 plays many critical roles, such as stimulating B cells to produce 
immunoglobulin (Ig), inducing acute phase proteins production, prompting hematopoietic stem cell 
differentiation, and regulating specific differentiation of naive CD4+ T cells. IL-6 enhances angi-
ogenesis and increases vascular permeability by inducing the production of vascular endothelial 
growth factor VEGF (Tanaka et al., 2018).   

IL-1β is produced by various cell types, including immune cells, fibroblasts, and cancer 
cells. The production of  IL-1β involves two processes, called priming and cleavage. High levels of 
IL1B mRNA in breast cancer patients is associated with a better prognosis than patients with low 
levels. Also, cervical cancer women with common IL1B expression exhibited an increase in the risk 
of progression of pre-neoplastic lesion (Rébé  and Ghiringhelli,  2020).  

Superantigen is a potential immunotherapy treatment against cancer 
Immunotherapy is a cancer treatment used to stimulate antitumor immune cells such as 

CD8+ cytotoxic T cells, Th1 cells, Th2 cells, natural killer (NK) cells. These cells induce the killing 
of cancer cells through apoptosis; or the release of antitumor molecules that cause cancer cell death. 



 
Safiyah H Al Zahrani and Sahar El Hadad 

 

 

Openly accessible at http://www.european-science.com                                                                   1078 
 

Radiotherapy/chemotherapy treatment often devolves radio/drug resistance. Moreover, surgical 
treatment is limited to some cases, making immunotherapy an excellent alternative treatment (Miao 
et al., 2017). SAgs are one of the most potent T cell mitogens as 0.1 pg/ml is adequate to excite T 
lymphocytes. Accordingly, SAgs can be used in cancer treatment as immune-modifier agents. Supe-
rantigens have exhibited a robust antitumor outcome in animal testing and clinical trials as they are 
potent immunomodulators and efficient cytokine inducers.  

Chemotherapeutic drugs, surgery, and radiation treat cancers, although not all are susceptible 
to these methods. Therefore, there has been a demand for newer techniques to treat cancers [3]. Vari-
ous superantigens possess immunomodulatory activities that either reduce or kill cancer cells 
through enhancing the immune system’s attack toward tumors. The antitumor activity of some bac-
terial superantigens have been tested on many cancer cell lines such as human hepatoma cell carci-
noma (BEL-7402, SMMC 7721, Hepa-2), human colon adenocarcinoma (HT-29), human stomach 
adenocarcinoma (BGC-823), human cervix tumor cell line (Hela), oral squamous carcinoma (KB,) 
human lung adenocarcinoma (GLC-82, and A549), and human breast adenocarcinoma (MCF-7 and 
ZR-75-1), and others. In the in vitro investigations, the peripheral blood mononuclear cells 
(PBMCs), the source of T cells, were isolated from healthy blood donors then were stimulated by 
superantigen such as SEB, SEC1, SEA-H61D. Stimulated PBMCs are then co-cultured with the 
cancer cell line of investigation, and the cytotoxicity of the stimulated PBMCs is measured using an 
MMT assay. It is long-established that Superantigens speed up the proliferation of PBMCs and in-
duce the expressions of cytokines. As the percentage of stimulated PBMC expanded, the inhibition 
of cancer cells increased (Wang et al., 2010. Liu et al., 2017).  

SEC1 stimulates PBMCs proliferation in a dose-dependent manner and excites the release of 
interleukin-2, interferon-γ, and tumor necrosis factor-α. The stimulated PBMCs exhibits high cyto-
toxicity toward the human bladder cancer cells in vitro. Also, SEC1 decreases tumor formation rate 
and increases tumor-bearing mice survival in vivo (Liu  et al., 2017). In vivo studies of the oral ad-
ministration of SEC2 indicated that SEC2 crosses the intestinal epithelium as an intact form and 
maintains its antitumor activity by stimulating T cells (Zhao et al., 2016). The anti-tumor effect of 
staphylococcal enterotoxin C (SEC) combined with other treatments has been investigated on pa-
tients with gliomas. The gliomas had been surgically removed, and patients were treated with a sys-
temic application of SEC in combination with chemotherapy and radiotherapy. The clinical data in-
dicates that the effective rate of surgery, radiotherapy, and chemotherapy is only 32.0%. In compari-
son, a combined treatment that involves chemotherapy plus SEC increases the effective rate to 
63.6% (Wang et al., 2015). SAM-3, a mutated version of staphylococcal enterotoxin c subtype 2 
(SEC2), exhibits improved superantigen activity with lower toxicity than native SEC2. SAM-3 inhi-
bits the growth of H22 and Hepa1-6 tumor cells in vitro and colon 26 solid tumors in vivo   (Xu et 
al., 2011). 

Staphylococcal enterotoxin B (SEB) elicits vigorous immune activities that inhibit tumor 
growth in vivo and in vitro. The injection of appropriate doses of SEB in animal models eliminates 
various types of tumor cells [41]. Treatment of SEB provokes many immune activities in SqC-bearing 
mice, including induction of Th9 cells level, which plays a role in inducing apoptosis in SqC-
bearing mice. TGFαL3-SEB chimeric protein induces cell death in HT-29 colon cancer cells [45]. 
The antitumor activity of TGFαL3-SEB was also investigated in mice bearing breast cancer. The 
intratumoral administration of TGFαL3-SEB induces necrosis and suppresses the proliferation of the 
growth of breast tumors through stimulating the release of high interferon γ (IFN-γ) and tumor ne-
crosis factor α (TNF-α) (Yousefi et al., 2016).   
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Nevertheless, a recent systematic review indicates that Staphylococcal enterotoxin A was the 
most used toxin in studies involving the usage of superantigens as cancer treatment and that due to 
the reduced side effects of this toxin (Shivaee et al., 2020). SEA is one of the staphylococcus toxins 
that cause food poisoning, and it accounts for about 80% of food poisoning outbreaks cases in the 
USA. SEA, unlike other enterotoxins, has two binding sites for major histocompatibility complex 
(MHC) class II molecules. Further, SEA is the most effective among all studied toxins as it pro-
vokes polyclonal T cell proliferation. Picomolar amounts of SEA are enough to stimulate cytotoxic 
activity against many cancer cell lines (Lando et al., 1991). SEA can be used as a novel protein drug 
for cancer immunotherapy since it has a strong affinity for human MHC class II and is considered a 
potent activator of T lymphocytes. When SEA is co-cultured with human peripheral blood mono-
nuclear cells (PBMCs), it inhibits the proliferation of human lung carcinoma A549 cells, induces 
apoptosis, stimulates and increase the release of a wide range of proinflammatory cytokines   (Liu et 
al., 2017). 

Superantigens eliminate cancer cells through many critical biological processes. The most 
important is apoptosis; superantigens activate T cells and induce massive production of essential cy-
tokines, including tumor necrosis factors (TNFs), interferons (INFs), and interleukins (Ils). These 
cytokines assist the destruction of the tumor’s vascular endothelial cells, help in leukocyte migration 
to cancer tissue, increase T lymphocytes differentiation, and accelerate the tumor elimination. Supe-
rantigens stimulate apoptosis by inducing FASL molecules on the surface of the PBMCs50 
(Hedlund et al., 1990). Superantigens also help in eradicating cancer cells through cancer clearance 
mechanisms. The interleukins produced by T cells activate the lymphokine-activated killer (LAK) 
cells that can eliminate resisted tumor cells. Moreover, superantigens prevent tumor cell metastasis 
by activating NK cells that subvert the cancer cell membranes and provoke apoptosis (Tian et al., 
2016). 

Superantigens can be used as vaccines or adjuvants to augment T cell activation. Injection of 
superantigens in mice before tumor transplantation triggers the killing of a large fraction of the tu-
mor and increases the survival of mice (Kominsky et al., 2001). Superantigens can also increase 
chimeric antigen receptor (CAR) T cell activity. Chimeric antigen receptor (CAR) T cell is a therapy 
in which patient’ T cells are modified to produce chimeric antigen receptors (CARs) on their sur-
face. CAR T-cell therapy is a very effective treatment for some leukemias and lymphomas but less 
applicable for solid tumors. However, the combination of CAR T cell transfer with the staphylococ-
cal enterotoxin-B (SEB) considerably enhances the function and proliferation of CAR T cells. It in-
creases the inhibition of solid tumor growth in mice (von Scheidt et al., 2019). 

Few SAgs have been tested as cancer treatments in clinical trials. The Fab-SEA fusion pro-
tein (PNU-214565) is one of the modified SAgs tested in a clinical trial. SEA was fused with the 
Fab fragment of the monoclonal antibody C242 that recognizes human colorectal (CRC) and pan-
creatic carcinomas (PC). Treatment with PNU-214565, a SAg-based tumor-targeted therapy, is 
found to be effective and safe with a maximum dose of up to 1.5 ng/kg (Giantonio et al., 1997). Al-
so, the Intertumoral injection of SEC in hepatocellular carcinoma (HCC) patients was efficient. Nap-
tumomab estafenatox (antibody-superantigen fusion protein) is a drug under development, and it 
will be used to treat some types of cancer, such as renal cell carcinoma. Clinical testing showed that 
treatment with Naptumomab estafenatox induced T-cell mediated killing of tumor cells.  

Free superantigens cause severe side effects as they potently activate nonspecific human T 
cells. Accordingly, tumor-targeted superantigens (TTS) have been established. This strategy attracts 
the immune response toward tumors by linking superantigens to cancer-specific antibodies/ ligands. 
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Thus, it brings T cells in great proximity to tumor cells as in Fig. 2 (Bashraheel et al., 2020). Tumor-
targeted superantigens (TTS) eradicate more than 80% of tumor cells in mice models of melanoma. 
Hence, the powerful properties of superantigens can be harnessed to generate long-term immune 
responses to the cancer 
 

 
 
Figure 2. Illustration of the Tumor-Targeted Superantigen strategy for potential use in cancer 

immunotherapy: Superantigen is attached to tumor-specific antibody/ligand. When intro-
duced into the tumor site, the tumor-specific antibody/ligand binds to tumor antigen on tumor 
cells while superantigen crosslinks MHC-II and TCR and provokes T-cell activation and cyto-

kine production at the site of the tumor  (Bashraheel et al., 2020). 
 

Superantigen may not be a potential immunotherapy treatment against cancer 
The immunomodulatory activity of bacterial superantigens has been well-known for their ef-

fectiveness on many cancer cell lines. Nonetheless, superantigens are more recognized for their role 
in diseases. The considerable inflammation after the potent T cell activation promotes conditions, 
including cancer. Inflammation aids tumors progression as it is linked to cellular transformation, 
promotion, invasion, angiogenesis, and metastasis of tumors  (Aggarwal et al., 2006). IFNγ, one of 
the proinflammatory cytokines produce via T cell activation, has a crucial role in eradicating a varie-
ty of tumors. The studies have shown that IFNγ increases growth, invasiveness, angiogenesis, and 
metastasis of the tumors. IFNγ enhances the growth of Papilloma by promoting the inflammatory 
reaction of Th17. IFNγ was also a critical factor in the development of colorectal carcinomas in 
SOCS1-deficient mice. Also, the activation of monocyte/macrophage by IFNγ triggers DNA dam-
age in hepatocytes through the diethylnitrosamine-induced hepatocarcinogenesis (Bashraheel et al., 
2020). 

The local expression of TNF-α has a therapeutic effect on cancer; Nonetheless, once TNF-α 
enters the circulation, it causes many diseases, including cancer. TNF-α is produced not only by ma-
crophages but also by a wide variety of tumor cells. TNF-α produced by tumor cells could bind to 
the same cell (autocrine) and act as a growth factor or stimulate the expression of other growth fac-
tors that mediate tumors proliferation  (Aggarwal et al., 2006). TNF-α expression correlates with 
tumor progression.  The level of TNF-α is associated with the lymph node metastasis and the breast 
cancer stage . TNF-α also enhances the progression of colon cancer stem cells   (Ma et al., 2017, 
Wei et al., 2018).  
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Reactive oxygen/nitrogen species (ROS/RNS) are produced from inflammatory and epitheli-
al cells during chronic inflammation. (ROS/RNS) damage nucleic acids, proteins, and lipids and 
trigger tissues/organs damage. Approximately 25% of cancers develop from infection and inflam-
mation. The inflammatory microenvironment affects the downregulation of tumor suppressor genes 
and microRNAs. The exposure to ROS/ RNS and interleukin 6 (IL-6) produced from inflammatory 
cells silence the transcription of DNA methyltransferase 1 (DNMT1) protein, by hypermethylation 
which plays a role in the carcinogenesis (Murata et al., 2018). 

 
Conclusions   
Superantigens are toxins produced in hosts by some pathogenic microbes as a mechanism to 

tolerate their pathogenicity and they are highly resistant to degradation enzyme or heat denaturation.  
In severe cases, they cause many dangerous diseases that lead to death. They also stimulate a pro-
found proliferation of polyclonal T cells at low concentrations and have a standard architecture even 
though they differ in amino acid sequences. They may be endogenous superantigens or exogenous 
superantigens and they can bind non specifically to both the major histocompatibility complex class 
II molecules and T cell receptors. In conclusions, they can be used safety and effective as a cancer 
treatment. 
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