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ABSTRACT 

Glioblastoma multiforme (GBM) is a deadly human cancer. It occurs in the brain cells or in 

spinal cord. GBM stem cells are reported to be resistant to treatment and reappearance is 

unpreventable. GBM stem cells are the target of Zika virus (ZIKV) which is known to cause 

impaired brain development leading to microcephaly in human embryos. The virus ensures 

the survival of mice having gliomas. ZIKV has been reported as an oncolytic virus targeting 

GBM cells selectively. Here, we will discuss the immunological aspect of protection against 

GBM mediated by ZIKV. When ZIKV was introduced into the brain, the recruitment of 

CD8+ T and myeloid cells to the tumor microenvironment was augmented. CD8+ T cells 

were needed for ZIKV-mediated tumor clearance. Here we will also discuss the role of 

cellular gasdermin D (GSDMD) in efficient killing of a human GBM cell line that was 

promoted by ZIKV infection. The ZIKV protease cleaves specifically human GSDMD for 

activating caspase-independent pyroptosis thus damaging, both the naive neighboring as well 

as viral protease-harboring cells. 

Keywords: Glioblastoma multiforme (GBM); Glioblastoma Stem Cells (GSC); Zika virus 

(ZIKV); Gasdermin D (GSDMD); SRY (sex determining region Y)-box 2 (SOX2).     
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INTRODUCTION 

GBM is the most invasive primary brain tumor. Almost all patients succumb to death within 

two years of detection [1]. Surgery, temozolomide chemotherapy, radiation therapy and use 

of adjuvants more recently comprise standard treatment [2]. In spite of maximal treatment, 

the recurrence of most GBMs within 6 months was reported at that time when no curative or 

standard treatment persists. The outcomes of poor patients from GBM are multifaceted that 

included the existence of GBM stem cells (GSCs), which are reported to be resistant to 

chemotherapy as well as radiation therapy [3-5] and feeble antitumor immunological 

responses [6-11]. Cancer is reported to be one of the major causes of death in this world. The 

World Health Organization categorized GBM as a grade IV glioma among different brain 

tumors due to its malignant nature [12]. This invasive tumor sustains cell proliferation, 

escapes from immune system, and shows resistance to drugs because GBM stem cells are 

reported to be self-renewing, multipotent, and resistant to apoptosis [13, 14]. 

ZIKV is reported to be transmitted by Aedes mosquitoes primarily. These mosquitoes usually 

bite during day time. Most people infected with ZIKV hardly develop symptoms. Those who 

develop symptoms typically suffer from rash, conjunctivitis, fever, joint and muscle pain, 

headache and malaise that continues for 2–7 days. If ZIKV infection occurs during 

pregnancy, it leads to the birth of infants with microcephaly and other inherited 

malformations in addition to miscarriage and premature birth. Myelitis, neuropathy and 

Guillain-Barre syndrome in adults and children are reported to be associated with ZIKV 

infection. Although from 2017 onwards the cases of ZIKV disease declined globally. The 

transmission is still prevalent at low levels in some American countries [15, 16]. 

For ZIKV infection no specific treatment is available. People having symptoms of rash, joint 

pain or fever should drink plenty of fluids, take sufficient rest and can be treated with 

analgesics or antipyretics. Pregnant women infected with ZIKV should immediately seek 

medical treatment [17]. 

ZIKV Genetic Material & Oncolysis: 

In 2007 for the first time the whole genome of MR 766, the African prototype ZIKV strain, 

was sequenced. The ZIKV arbovirus belongs to the Flavivirus genus of the Flaviviridae 

family [18]. The ZIKV genome contains a 10.8-kb positive-sense, single-stranded RNA 

molecule, which consists of a 5′ untranslated region (UTR) of around 100 nt length, one 

single open reading frame (ORF) of around 10 kb, and 3′ UTR of around 420 nt. A single 

polyprotein encoded by the ORF is processed further into the capsid C, the precursor 

membrane prM, the envelope protein E and seven nonstructural proteins viz., NS1, NS2A, 

NS2B, NS3, NS4A, NS4B and NS5 (Figure 1) [19].   
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Figure 1: Zika Virus. (A) Zika Virus Genome. A single 10 kb ORF codes for a 

polyprotein which undergoes post-translational processing to yield the three structural 

and seven non-structural proteins. (B) Zika Virus Structure [19].  

The evolution of the ZIKV genome in a rapid manner was reported to account for the current 

ZIKV pandemic with unique Zika disease. The immune system activated by ZIKV promotes 

the activation and proliferation of glial cells and induces apoptotic cell death. The 

development of inflammation has critical contribution to Zika disease [20].  

An oncolytic virus would be considered as a desirable candidate for cancer treatment if the 

virus destroys the cancer cells selectively without harming the normal healthy cells [21, 22]. 

Irrespective of the genetic material, DNA or RNA, several viruses were categorized as 

oncolytic viruses. This includes Newcastle disease virus, adenovirus, herpes simplex virus 1, 

poliovirus, vaccinia virus, parvovirus and reovirus [23-25]. Recently, the causative agent of 

microcephaly in the fetus, ZIKV was categorized as an oncolytic virus as it infects and 

destroys the GBM stem cells preferentially and probably does not injure adult neurons [26, 

27]. 

Viral Neurotropism:  

Although ZIKV was reported to kill both the pediatric and adult brain cancer cells, adult 

GBMs were studied with preference for illustrating the oncolytic mechanisms requiring T 

cells for increasing the efficacy [28-30]. The ZIKV neurotropism was possibly due to the 

specific expression of αvβ5 and SOX2 on the surface of GBM stem cells [31]. The ZIKV 

receptor tyrosine kinase AXL expression makes GBM cells greatly permissive to ZIKV that 
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enters and kills the cells. Nonetheless the viral receptor expression is a necessity for virus 

infection but this hardly guarantees the killing [32].  

Integrin αvβ5 is reported to be proangiogenic member of broader RGD-binding integrin 

family. They are the primary receptors utilized by animal cells for binding to the extracellular 

matrix. The heterodimers work as transmembrane proteins [33]. The screening of the 

distribution of integrins in human cancers is of huge interest. At present there is little 

knowledge regarding the αvβ5 expression in gastric cancers, mainly due to dearth of 

antibodies appropriate for utilization on formalin-fixed and paraffin-embedded (FFPE) 

tissues [34].  

SRY (sex determining region Y)-box 2 is termed as SOX2, a transcription factor, essential for 

maintenance of pluripotency or self-renewal of embryonic stem cells that are 

undifferentiated. Sox2 plays a critical function for maintaining neural and embryonic stem 

cells [31].   

An in-depth examination is needed to know how ZIKV destroys GBM cells after infection in 

order to develop a safe and accurate virotherapy. Among several kinds of virus-mediated cell 

death, recently pyroptosis was interpreted as protein-mediated cellular destruction of 

gasdermin family accompanied by inflammatory responses distinguishable mechanistically 

from apoptosis [35, 36].  

Mode of Replication: 

Virions docking on the receptors on cell surfaces enter the cells by receptor-driven 

endocytosis and are taken into the vesicles coated with clathrin inside the cells. 

Conformational changes are triggered by endosome acidification, viral membrane getting 

fused with endosome membrane, followed by particle disassembly and release of viral 

genomic RNA into the cytoplasm from viral nucleocapsid [37-39]. 

After the release of positive-stranded genomic RNA from nucleocapsid into cytoplasm, it 

undergoes translation into a single polyprotein, which is processed further co-translationally 

as well as post-translationally by cellular and viral proteases. This cleavage is reported to 

produce three structural proteins (C, prM and E) as well as seven nonstructural proteins (NS1, 

NS2A, NS2B, NS3, NS4A, NS4B and NS5) [40]. NS-5 has the RNA-dependent RNA 

polymerase (RdRp) activity and   synthesizes the negative-strand antigenomic RNA using the 

positive-strand genome as template [39]. On the endoplasmic reticulum surface, new viral 

positive-strand genomes are synthesized using the negative-strand RNA. The newly 

synthesized genomes are translated further into viral polyproteins by host cell machinery.  

As reported earlier the viral genome replication starts with the synthesis of negative-strand 

RNA, and serves further as a template for the positive-strand genomic RNA synthesis. The 
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assembly of virus occurs in the surface of endoplasmic reticulum (ER) by the process of 

budding. The virus particles, yet to be matured, traverse through the trans-Golgi system along 

the host secretory pathway. The virion maturation takes place at trans-Golgi system and 

subsequently released by the process of exocytosis from the cell [41, 42].  

The replication process of ZIKV is depicted in the Figure 2.  

 

Figure 2: A schematic representation of ZIKV replication. Positive stranded RNA is 

copied into a negative strand, followed by a positive strand before encoding proteins 

[40].  

Immunology of Oncolytic ZIKV:  

ZIKV is reported to augment the infiltration of CD8+ T cells into the tumor site. Solid tumors 

with little quantity of T cell infiltration normally do not get any benefit from immune 

checkpoint blockade treatment [43, 44]. Immune checkpoint blockade treatments fail in 

induction of responses almost in all cancer affected patients, so that the procedure for 

increasing the objective response rate is a serious challenge. It was demonstrated that 

abundant infiltration of T cells in tumour tissues is a precondition to respond to PD-L1 

blockade (Figure 3) [45, 46].  
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Figure 3: T cell infiltration at GBM tumor site after ZIKV infection [45]. 

In this context oncolytic virotherapy is a fruitful treatment option. This is because the 

inflammation induced by the virus is able to increase the effectiveness of checkpoint 

blockade treatment. While monotherapy using anti–PD-1 antibody, improved tumor survival 

to a limited degree, when administered together with ZIKV, tumor survival is enhanced. PD-

1 is a checkpoint protein on T cells. A vivid study in humans revealed that Talimogene 

laherparepvec, T-VEC together with anti–PD-1 immunotherapy had a bearable safety profile 

in melanoma treatment, and the combination was reported to have greater effectiveness 

against melanoma as compared to checkpoint blockade anti–PD-1 antibody monotherapy or 

T-VEC treatment [47]. Because of success of the inhibitors of immune checkpoints in other 

types of cancers and their probable supplementary effects with several oncolytic viruses, 

many combinations of virus/antibody are recently being probed in clinical trials. This 

includes an ongoing phase II clinical trial with pembrolizumab (anti–PD-1) combined with an 

oncolytic adenovirus (DNX-2401) for patients suffering from recurrent GBM 

(ClinicalTrials.gov NCT02798406) [48, 49]. 

An analogous conjugation with ZIKV will be worth following. In addition to this, future 

studies should be conducted in nonresponders to PD-1 blockade and ZIKV combination 

therapy. This may point out the mechanisms of resistance, as for example immune infiltration 

reduction surrounding the tumor, depletion of tumor antigens, or other processes leading to T 

cell exhaustion or anergy [29].  

ZIKV treatment also enhanced the response of myeloid cells that are associated with tumors 

in the tumor site, particularly the microglia and monocyte populations. Macrophage subsets 

associated to tumors may contribute to presentation of antigens as well as the anticancer 

immune cycle. They may boost up growth of tumor cells and arrest an immune response [50-

52]. Further studies will make it clear what rebalancing and skewing of myeloid cells ZIKV 

treatment ushers in.  
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GSDMD-mediated cell death by ZIKV protease: 

ZIKV is reported to be an oncolytic virus as it destroys human GBM by GSDMD activation 

mediated by viral protease. This cleavage is species-specific. This suggests that human 

GSDMD transgenic mice models, i.e., humanized animals, never a simple GBM mice model 

would provide assuring experimental outcomes of preclinical trials on ZIKV oncotherapy 

[53].  

GSDMD, is a novel biomarker to evaluate the progression of cancer due to an elevated level 

of protein expression in glioma and it is reported to be connected with significant longevity 

of GBM patients [54]. Pyroptosis mediated by GSDMD accompanies the pro-inflammatory 

cytokine, IL-1β release that helps in supporting immune response against carcinoma mediated 

by the T helper 1 cells specific to the particular tumor [55, 56]. The mature IL-1β release by 

conventional pyroptosis is due to caspase-4/5/11 or caspase-1- mediated cleavage of GSDMD 

that in turn ensures the release of GSDMD-N to perforate the plasma membrane [57]. 

Because caspase-3-mediated GSDMD-N cleavage negatively regulates the process, infection-

elicited caspases may manipulate the pyroptosis activated by ZIKV protease [58]. 

Overexpression of E protein of ZIKV alone is adequate for suppressing proliferation of cells 

as well as in inducing caspase-mediated programmed cell death [59]. In the 3’ untranslated 

region of viral genome deletion of 10-nt generates a live-attenuated strain of ZIKV both in 

vivo and in vitro. This strain was suggested as a vaccine candidate for treatment against 

ZIKV as well as to treat malignant GBM [60, 61].    

Among several cytokines and proteins that are secreted following ZIKV infection, the release 

of GSDMD-N is a matter of interest. Upon release GSDMD-N may cause harm to the 

uninfected cancer cells for expanding the therapeutic effects as well as to the normal healthy 

tissues for generating side effects. Taking into consideration that GBM is not a liquid tumor 

but a solid one, with secretion of GSDMD-N locally and capability of ZIKV replication, a 

little dosage of ZIKV would be enough for the treatment. The extracellular GSDMD-N is 

reported to aid patients having brain tumor and are vulnerable to bacterial infection as 

GSDMD peptide is antibacterial [62, 63].  

Oncolytic Activity against Glioblastoma Stem Cells  

ZIKV infects and kills glioblastoma stem cells (GSCs) preferentially compared to normal 

neuronal cells or differentiated tumor progeny. This effect of ZIKV against GSCs is not a 

common property of neurotropic flaviviruses. West Nile Virus kills both normal and tumor 

neural cells indiscriminately. ZIKV depletes patient-derived GSCs potently that are grown in 

culture or in organoids. Moreover, mice having glioblastoma survive considerably longer and 

at higher rates up on inoculation of the tumor with a mouse-adapted strain of ZIKV [64, 65]. 
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ZIKV, an oncolytic virus, targets GSCs preferentially, so genetically engineered strains can 

further optimize safety, thereby increasing the therapeutic efficacy for glioblastoma patients.  

ZIKV is reported to target GSCs via a SOX2-Integrin αvβ5 Axis. Integrin αvβ5 is a marker of 

GSC, so it promotes infection of GSCs by ZIKV. SOX2 ascertains vulnerability to ZIKV 

infection having reduced antiviral responses [66].  

ZIKV, having increased cytosine phosphate–guanine (CpG) recoding in viral genome, shows 

higher infectivity as well as oncolytic activity in GSCs that was recorded by reduction in cell 

proliferation; whereas nonmalignant brain cells have reduction in infection kinetics [67].   

Future Perspectives:  

Whether the caspase profiles induced by ZIKV or particular caspase inhibitors have any 

effect on the therapeutic outcomes of anti-tumor treatment using ZIKV is to be investigated 

further. Virulence factors that contribute to cell death induced by ZIKV must be detected for 

providing the basis of applying ZIKV. Therefore, to do away with any unpredictability 

regarding other ZIKV constituents, attenuated single-round infectious particles or 

nanoparticles harboring GSDMD-N or the ZIKV protease should be safe and sound in 

comparison to the live virus to treat cancer [52, 68, 69].   

To date, clinical trials based on ZIKV virotherapy have not yet been conducted for cancer 

treatment. Coexistence of pros and cons can cause complications in the virotherapy. An 

appropriate animal model to study ZIKV therapy for treating human GBM is yet to be 

developed. It was demonstrated that activation of GSDMD by ZIKV protease is associated 

with the prognosis as well as management of ZIKV virotherapy. The genetic background of 

GSDMD could be utilized for screening positive responders to conduct virotherapy. When 

ZIKV infection is out-of-control, for stopping the therapy our target should be ZIKV 

protease. Nonetheless, the small molecules that are reported to regulate the activation of 

GSDMD might terminate the virotherapy that is not dependent on the activity of ZIKV 

protease. Until a profound understanding regarding the mechanisms underlying cell lysis 

induced by ZIKV is obtained, this study will provide a base of reference for preclinical 

assessment to predict therapeutic outcomes as well as the probable influence of effects of 

treatment that are combined with medicines targeting oligomerization of GSDMD or activity 

of caspases [52, 70, 71]. 

Limitations: 

It was demonstrated in the previous work that the replication of ZIKV is hugely self-limited 

to Glioblastoma Stem Cells, partly due to their intrinsically enervated innate immune 

response as well as important integrin signaling molecules expression that ensure infection, 

the most important concern is safety [72, 73]. 
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It was reported that the protease 3C of the enterovirus stops pyroptosis by cleaving GSDMD-

N further, so oncotherapy using ZIKV would prove to be complicated if the coinfecting 

microbes are able to antagonize activation of GSDMD [72].  

CONCLUSION: 

In a nutshell we can comment that ZIKV is potentially an emerging tool for the treatment of 

Glioblastoma. Natural property of ZIKV will be exploited to destroy the unnatural outcomes 

of Glioblastoma [74, 75].  
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