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In brain cancer therapy, various treatment options are avail-
able such as surgical resection, radiotherapy, and chemother-
apy to fight against malignant cells. But none of the available 
therapies did not show any promising therapeutic approach 
to treat cancer patients. Brain cancer is the foremost cause 
of death worldwide. Nealy, 18 million new cases have been 
identified every year and causing around 10 million deaths 
worldwide reported by International Agency for Research on 
Cancer (IARC) [1]. Most of the patients with advanced brain 
tumors such as glioblastoma (GBM), neuroblastoma, medul-
loblastoma, anaplastic astrocytoma have a very minimum 
survival rate. Also, eradicating glioma-stem cells (GSC) and 
stimulating the host immune system in the tumor micro-
environment are the greatest challenges associated with 
brain tumor treatment. Cancer cells can effectively hijack 
the function of the host immune system including tumor-
infiltrating lymphocytes (TILs) to supports the development 
of malignant tissues and cells. Due to the suppression of our 
body’s natural protective agents like immune cells and other 
specialized cells such as stem cells, tumor cells can home in 
the infected site and promote their uncontrolled proliferation 
and growth leads to severe organ failure and death [2].

In that order, activating the host immune response and 
targeting aberrantly expressed intracellular oncoproteins is 
an emerging therapeutic approach to attack and destroy the 
devastating brain tumor. Stem cells (SCs) are considered as 
a potential immunomodulator that triggers the compromised 
host immune system by the cancer cells and supports dam-
aged tissue regeneration and repair. Circulating SCs from 
the multiple tissue origin in the tumor tropism show an abil-
ity to home in the area of inflammation and tend to sup-
press the tumor formation. SCs show an anti-tumor efficacy 

via crossing the blood–brain barrier (BBB) and deliver the 
therapeutic genes to treat the invasive brain tumor It can also 
be utilized as a carrier for the targeted delivery of the thera-
peutic molecules to combat tumor cell multiplication and 
growth [3]. Mesenchymal stem cells (MSCs), also known 
as mesenchymal stromal cells recognized as adult stem cells 
originated from various sources mainly found in the bone 
marrow. It has a capability for self-renewal, multilineage 
differentiation, injured tissue repair and regeneration, and 
regulation of the host immune system [3]. Neural stem cells 
(NSCs), also known as neural precursor cells that can be 
isolated in the periventricular regions and the subventricular 
zone of the brain. NSCs tend to migrate themselves to the 
tumor sites and reduce the tumor mass. Also, it can act for 
a longer time and inhibits the metastasis potential of the 
intracranial gliomas via releasing the therapeutic molecules 
into the targeted site [4]. Hematopoietic stem cells (HSCs) 
are present widely in the bone marrow employed to form 
mature blood cells such as red blood cells (RBC), white 
blood cells (WBC), platelets, and other immune cells like 
neutrophils, lymphocytes, and macrophages in the body. 
Induced pluripotent stem cells (iPSCs) are isolated from the 
undifferentiated inner mass cells of the blastocyst and they 
can be produced by all types of cells except the placenta 
cells. iPSCs are the major sources for the host immune cells 
such as T cells lymphocytes and natural killer (NK) cells 
and are used as replacement therapy for malignant brain 
tumor-induced tissue damage and tend to potentiate the host 
immune system in the tumor microenvironment [5].

Recently, a novel host immune cell booster such as 
oncolytic virotherapy (OVT) has been introduced in the 
field of immunotherapy to fight against brain tumors. OVT 
is an emerging therapeutic approach to target cancer cells 
and re-activate the suppressed immune system. Geneti-
cally engineered oncolytic viruses (OVs) are specifically 
designed to kill the cancer cells without disturbing the 
healthy cells and it tends to replicate inside the tumor cells 
and lyse the tumor mass. Both DNA and RNA viruses 
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can kill the tumor cells and enhance the brain cancer 
patient’s survival rate. OVs can stimulate the host's innate 
and adaptive immune system in the tumor microenviron-
ment to show the protective mechanism against the brain 
cancer cells [6]. Likewise, OVs can be loaded in various 
delivery vehicles including SCs to enhance the promising 
therapeutic efficacy against tumor cells. SCs acts as an 
emerging delivery vehicle for genetically modified OVs to 
reach and promote anti-tumor action in tumor cells. SCs 
is a safe and potential cargo system for OVs that helps 
to reach the targeted tumor site. SCs act as a protective 
shield to deliver OVs to safeguard from the liver and 
lung metabolism. Also, it escapes from the host antivi-
ral immunity and phagocytosis degradation to transport 
viral particles via the systemic and/or intratumoral route. 
SCs-carried OVs directly infect the tumor cells without 
causing any damages to the healthy tissues or cells in the 
tumor microenvironment (Fig. 1) [7]. Recently, multi-
ple OVs such as adenovirus (AV), herpes simplex virus 
(HSV), newcastle disease virus (NDV), poliovirus (PV), 
retrovirus (RV), varicella-zoster virus (VZV), and mea-
sles virus (MV) have been tested in the preclinical studies 

and MSCs and NSCs delivered AV has entered into the 
clinical trials (NCT03072134 & NCT03896568) to treat 
high-grade glioma.

In summary, SCs are a natural cargo system of our 
body that carries various intracellular and genetic mate-
rial from one cell to another through paracrine signaling 
via exosomes and/or on its own. SCs delivered OVs are 
intended to stimulate the host immune cells such as NK 
cells, dendritic cells (DC), neutrophils, and TILs to attack 
the malignant tissues and cells. Nowadays, many harm-
ful human pathogenic viruses such as PV, AV, HSV, RV 
are genetically modified to use against brain tumor cells. 
In that order, the current pandemic disease coronavirus 
(COVID-19) is a single-stranded RNA virus that causes 
respiratory illness and death worldwide. In the forthcom-
ing days, there is no wonder that SCs loaded genetically 
engineered COVID-19 might be introduced in the OVT 
to repress and destroy brain tumor cells. In concluding 
that SCs delivered OVs might be an excellent therapeu-
tic approach to target the malignant brain cancer with 
improved safety and efficacy to the patients.

Fig. 1  Optimization of the oncolytic virus using stem cells. Oncolytic 
viruses (OVs) loaded stem cells (SCs) tend to prevent the biological 
responses and systemic degradation that enhance the targeted anti-

tumor efficacy and significantly debulking the brain tumor cells. Cre-
ated with BioRender.com
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