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Abstract
Background  Glioblastoma is the most aggressive tumor of glial origin and the most common, as established by the 
World Health Organization. GBM has been one of the most intractable tumors with minimal progress in prognosis 
despite decades of research. Stem cell therapy (SCT) has raised hopes with regard to possibly targeting tumor 
progression and recurrence. Glioma stem cells (GSCs) are directly involved in gliomagenesis and chemoresistance, 
thus constituting potential valuable therapeutic targets for improving treatment outcomes.

Objective  The objective of this review article is to assess and consider the potential therapeutic benefits, challenges, 
and prospective research directions for SCTs for glioblastoma with a particular focus on GSCs as key therapeutic 
targets.

Materials and methods  A literature review was performed using search terms and Boolean operators pertinent to 
SCT and glioblastomas to gather all existing literature. The databases PubMed/MEDLINE, Scopus, and the Cochrane 
Library were searched in accordance with the standard guidelines of Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) 2020.

Results and conclusions  The review established that the main mesenchymal stem cells (MSCs), neural stem cells 
(NSCs), induced pluripotent stem cells (iPSCs), and hematopoietic stem cells are the first SCTs evaluated in terms 
of their potential as a glioblastoma therapy. While SCTs were found to be effective in tumor targeting and immune 
modulation, they face certain restrictions, including death of stem cells inside the body, tumor heterogeneity, and 
transformation to malignancy. Research must now focus on the combination of stem cell therapy with molecular-
targeted therapy and advanced delivery systems for improved tumor targeting, better overcoming resistance, and 
enhancing both efficacy and safety for patients undergoing treatment for glioblastoma.

Highlights
• MSCs, NSCs, iPSCs, and HSCs are the primary stem cell types explored in glioblastoma therapy.
• GSCs, as key drivers of tumor initiation, progression, and resistance, are essential therapeutic targets.
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Introduction
Glioblastoma stem cells (GSC) are a subset of cells pres-
ent in glioblastomas that demonstrate stem-like features, 
such as tumor self-renewal and differentiation. These 
cells are crucial for glioblastoma initiation, develop-
ment, and treatment resistance. GSCs are responsible for 
the aggression in glioblastoma as they promote tumor 
growth, invasion, and recurrence while having high resis-
tance to conventional treatments, including chemother-
apy and radiotherapy. Targeting GSCs is emerging as an 
attractive therapeutic strategy aimed at improving treat-
ment outcomes and addressing obstacles posed by tumor 
heterogeneity and resistance mechanisms.

Glioblastoma (GBM) is the most aggressive brain neo-
plasm with the poorest prognosis [1–3]. It is a malignant 
high-grade tumor of astrocytes and the most common 
central nervous system (CNS) tumor [4]. With its high 
prevalence, glioblastoma has become a pressing concern 
in the field of oncology and has been classified as grade 
IV by the World Health Organization (WHO) [5]. GBM, 
even in the face of aggressive use of existing therapeutic 
options, has a median survival of 12–15 months after 
diagnosis and represents about 60% of all primary brain 
tumors in adults [1, 2, 5, 6]. GBM is often male predom-
inant and tends to occur more in people aged 45 to 70 
years group [1, 2, 5, 6]. The impact extends beyond its 
physical manifestations, profoundly affecting the live-
lihood and personal life of affected patients and their 
families, especially where sequelae of neurological deficit, 
cognitive decline, and emotional distress ensue.

Due to its capacity to infiltrate cerebral tissue, GBM 
exhibits an aggressive disposition which makes total sur-
gical resection impossible in virtually all cases. Chemo-
radiotherapy alongside surgical resection is frequently 
employed in the standard treatment of GBM. The total 
survival rate remains depressingly low despite improve-
ments in neuro-oncological intervention, emphasizing 
the urgent need for innovative therapeutics [7, 8].

Stem cells have enormous potential in the field of 
regenerative medicine due to their exceptional capac-
ity for self-renewal and cell-type differentiation. These 
extraordinary cells may repair or replace damaged tis-
sues; this distinct feature of certain metabolic activity 
encourages the use of stem cells for the treatment of 
pathological conditions. Stem cell therapy (SCT) has 
gained considerable attention in recent years, particu-
larly in the context of glioblastoma treatment. The use 
of stem cells in this setting offers several possibilities, 

including the capacity to target tumor cells and regen-
erate healthy brain tissue [2, 5, 9].

Mesenchymal stem cells (MSCs), neural stem cells 
(NSCs), induced-pluripotent stem cells (iPSCs), and 
hematopoietic stem cells (HSCs) are four SCT types 
investigated to treat glioblastoma. Bone marrow, adi-
pose tissue, and umbilical cord blood are just a few 
of the sources from which MSCs are derived. They 
are able to migrate to the tumor site, releasing anti-
tumor molecules and immune-modulating agents to 
relay an antitumor response [10]. NSCs, in contrast, 
are present in the adult brain naturally and possess 
the ability to differentiate into various neural cell 
types. They may be genetically modified to express 
therapeutic agents and target glioblastoma cells spe-
cifically [11]. Adult cells, like that of skin, are repro-
grammed to resemble embryonic stem cells (ESCs) to 
create iPSCs. Once differentiated, they may become 
different cell types, including neural cells. iPSCs hold 
promise for the management of glioblastoma as they 
can become patient-specific, enabling individualized 
therapy. HSCs, found in bone marrow, may develop 
into a plethora of varying blood cell lineages, com-
prising myelocytes, lymphocytes, and erythrocytes. 
HSCs may be utilized in conjunction with high-dose 
chemotherapy, but cannot be administered to specifi-
cally target the cells of glioblastoma. With this strat-
egy, also known as autologous hematopoietic stem cell 
transplantation (AHSCT), the patient’s blood cell pro-
duction may be saved while receiving higher chemo-
therapy doses [12].

This systematic review aims to explore the current 
state of knowledge regarding SCTs for patients with 
glioblastoma, assessing the benefits, disadvantages, 
and potential directions for future research. SCTs are 
increasingly being investigated for the management 
of glioblastoma. There are several types of SCTs con-
sidered for patients with this severe, common form of 
brain tumor. There currently exists some debate on 
which SCT should be utilized for patients with GBM, 
thereby warranting a review of the recent literature 
to provide additional input for the management of 
glioblastoma.

Materials and methods
A review of the literature was conducted with Bool-
ean operators and relevant search terms: “Stem Cell 
Therapy AND Glioblastoma”; “Neural Stem Cells 

• Ongoing research and clinical trials are needed to optimize stem cell applications and improve outcomes for 
glioblastoma patients.
• Concerns of both efficacy and safety remain regarding stem cell therapy for the treatment of glioblastoma.

Keywords  Glioblastoma, Stem cell, Glioblastoma stem cell, Stem cell therapy
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AND Glioblastoma”; “Cord Blood AND Glioblastoma”. 
The electronic databases searched were PubMed/
MEDLINE with MeSH terms focusing on stem cell 
therapy and glioblastoma, Scopus with relevant sub-
headings such as stem cells and neuro-oncology, and 
the Cochrane Library. The literature was extracted 
using the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) format (See 
Fig.  1). The selected literature consisted of studies 
from the past 5 years. Incomplete or ongoing trials, 
systematic reviews, study protocols, and animal mod-
els were excluded. Following the removal of duplicates, 
titles, and abstracts was screened for studies reporting 
various SCTs for GBM. Data entry, removal of dupli-
cates, and screening were completed with the Zotero 
reference management software package. The meth-
odological quality of each study was assessed using 

Cochrane Collaboration’s risk of bias tool (RoB2) [13]. 
Ratings of low, unclear, or high risk of bias will be 
assigned to each domain by two independent review-
ers. Any disagreements regarding the risk of bias was 
discussed until a decision is made. In case a decision 
cannot be reached, the piece of literature in question 
was discussed by a third reviewer. After the inclusion, 
exclusion, and deletion of duplicates, 64 articles were 
included in the final study. This review was carried 
out in accordance with the Preferred Reporting Items 
for Systematic Reviews and Meta-Analyses (PRISMA) 
2020 guidelines [14] (See Fig.  1). This research was 
also registered in PROSPERO under the number 
CRD42022322907. A title and abstract screening was 
performed according to PRISMA standards (the link 
below): ​h​t​t​p​​s​:​/​​/​w​w​w​​.​c​​r​d​.​​y​o​r​​k​.​a​c​​.​u​​k​/​p​​r​o​s​​p​e​r​o​​/​d​​i​s​p​l​a​y​_​
r​e​c​o​r​d​.​p​h​p​?​ ​R​e​c​o​r​d​I​D​=​3​2​2​9​0​7.

Fig. 1  Preferred reporting items for systematic reviews and meta-analyses (PRISMA, 2020)

 

https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=322907
https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=322907
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Results
The results of the systematic review revealed several key 
findings regarding SCT for patients with GBM. A total of 
64 studies from 5 years prior were included in the final 
analysis, following the PRISMA guidelines.

Types of stem cell in use
Different stem cell types have been investigated for their 
therapeutic potential in targeting GB tumors and deliver-
ing therapeutic agents. This section discusses the types of 
stem cells that have been utilized in GBM therapy based 
on the literature search (see Table 1).

Adipose-derived stem cells (ASCs), ESCs, and iPSCs 
have been studied for their potential therapeutic use in 
GBM management [15]. Abadi et al. [1] highlighted the 
diagnostic potential of stem cells in GBM and discussed 
the pitfalls associated with SCT, including the possibil-
ity of stem cell malignant transformation [15]. These 
findings suggest that ASCs, ESCs, and iPSCs have been 
considered diagnostic tools and potential therapeutic 
agents in GBM treatment. Glioma stem cells (GSCs), 
HSCs, and NSCs have also been explored in the context 
of GBM therapy [16]. Glioma stem cells (GSCs) and nor-
mal neural stem cells (NSCs) share many characteristics, 
including self-renewal, multipotency, and the expression 
of key stemness markers (e.g., Nestin, SOX2). However, 
GSCs are pathologically reprogrammed versions of NSCs 
or their progeny that drive glioblastoma (GBM) growth, 
resistance to therapy, and recurrence.

Induced pluripotent stem cells recreate adult repro-
grammed cells that resemble embryonic stem cells and 
thus may offer a patient-specific treatment. The work of 
Abadi et al. [1] cites iPSCs diagnostic and therapeutic 
potential in clinical management of GBM see Table 1).

According to Akindona et al. [2], it is essential to 
address the tumor microenvironment in future SCT 
approaches for GBM. The study posits that GSCs, HSCs, 
and NSCs are not only instrumental in the formation 
and advancement of GBMe rationale for these interven-
tions is that such cells are thought to help in the onset of 
tumors, in the resistance to therapies, and in the recur-
rence of the tumor, which is a crucial factor in reaching 
durable treatment response.

MSCs represent an attractive therapeutic option for 
GBM since they migrate to tumor sites, promote tissue 

repair, and are involved in immune modulation, hence 
supporting targeted therapy and favorable outcome in 
GBM patients. Al-Kharboosh et al. [3] highlighted the 
tropism of MSCs to sites of injury, their immunomodula-
tory effects on solid tumors, and their hypoimmunogenic 
nature [17]. These properties make MSCs attractive can-
didates for the targeted delivery of therapeutic agents to 
GBM tumors. Sources like umbilical cord blood, bone 
marrow, and adipose tissue have provided human mes-
enchymal stem cells (hMSCs) that have special attraction 
to tumors and which have shown immunomodulatory 
effects, making these hMSCs promising therapeutic 
agents for GBM tumor delivery. Al-Kharboosh et al. [3] 
touched on the low immunogenic nature of the MSCs 
and their ability to modulate the tumor microenviron-
ment. On the other hand, the drawbacks include low 
survival rates following my own transplantation, induc-
ing anoikis-type apoptosis, and in some cases, promoting 
tumor growth. To minimize the dangers, biodegradable 
scaffolds or genetic modifications are suggested. These 
strategies are aimed at enhancing cell adhesion, increas-
ing stem cell survival, and decreasing tumor promotion—
essential objectives for the success and safety of stem cell 
therapy for treating glioblastoma (see Table 1).

Attia et al. [4] explored the potential of NSCs for deliv-
ering therapeutic agents to GBM sites [18]. The study 
suggests that NSCs can migrate toward GBM tumors, 
offering a targeted approach to delivering therapeutic 
interventions. Stem cells associated with cancer have also 
been investigated in the context of GBM therapy. Accord-
ing to Bahmad et al. [5] in their study on the repurpos-
ing of anticancer drugs with the aim of targeting stem 
cells for treatment of brain tumors, emphasis had been 
placed on the effects of these drugs on cancer stem cells 
[18]. Targeting these cells may be crucial for effective 
GBM therapy. While the use of these various stem cell 
types shows promise in GBM treatment, it is important 
to acknowledge the limitations and potential risks associ-
ated with SCT. The provided studies indicate a low risk 
of bias, suggesting a good level of reliability in the find-
ings. However, further research and clinical studies are 
needed to fully understand the efficacy, safety, and long-
term effects of stem cell-based therapies in GBM. NSCs 
are the natural kinds of cells that are found in the brain. 
They have the ability to differentiate into various types 

Table 1  Summary table: stem cell types in glioblastoma therapy
Stem Cell 
Type

Mechanisms of Action Therapeutic Benefits Limitations Key 
References

MSCs Tumor homing, immunomodulation, 
therapeutic agent delivery

Hypoimmunogenic, acces-
sible sources

Low survival, anoikis, potential tumor-
promoting effects

Al-Kharboosh 
et al. [3]

NSCs Migration to tumor sites, differentiation 
into neural cell types

Targeted drug delivery Limited availability, genetic modification 
required, malignant transformation risks

Attia et al. [4]

iPSCs Patient-specific reprogramming, differen-
tiation into neural cell types

Personalized therapies Tumorigenicity, genetic instability Abadi et 
al. [1]
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of neural cells and migrate towards GBM tumors. Attia 
et al.[4] says that the NSCs have come out as probable 
candidates with regard to targeted delivery using these 
cells due to having these properties with the capacity to 
migrate and homing to a tumor site. However, the poten-
tial has some problems, which include limited availabil-
ity, genetic modification to improve therapeutic effects, 
and malformation risk (see Table 1).

Molecular insights and therapeutic targets in glioblastoma
Recently, investigations have been directed at studies 
through which researchers would understand how the 
dissemination of stem cells affects glioblastoma. The 
major concern has been molecular mechanisms acting 
within glioblastoma stem cells (GSC) leading to their 
maintenance, tumor progression, and therapeutic resis-
tance which impacts neurocognitive functions as well 
as recurrence and prognosis in a patient suffering from 
glioblastoma.

According to Peng et al., transforming growth factor 
beta-induced (TGFBI), a protein secreted from tumor-
associated macrophages (TAMs), has been implicated 
in supporting GSC survival and tumor growth via inte-
grin αvβ5-Src-Stat3 signaling in malignant glioblastoma. 
TGFBI was significantly linked with glioma WHO grades 
and poor prognosis of patients [15]. Other immune cell 
clusters, like CD8 + T cells, which are transformed into 
exhausted phenotypes in the tumour microenvironment, 
can interact with TAM. According to certain research, 
this process might be connected to the Tim3 signal-
ling pathway and PD-1/PD-L1. The serum or CSF lev-
els of TGFBI were diagnostic/prognostic markers [15]. 
Therefore, therapeutic results against GSC-driven tumor 
progression with TGFBI signaling intervention might 
promise [15].

Gander and colleagues have analyzed primary glioblas-
toma stem cell cultures (pGSC’s) highlighting key stem 
cell markers: MSI1, Notch1, nestin, Sox2, Oct4, FABP7, 
and ALDH1A3, which associated directly with radio 
resistance and matrix invasion capability [17]. PGSCs 
demonstrated the mesenchymal mRNA signatures to be 
positively correlated with multifocal tumor recurrence as 
well as poor survival when compared to those showing 
a proneuronal signature [17]. The findings shed light on 
the targeting of mesenchymal markers and pathways as 
a strategy to overcome radio resistance induced by GSC 
and make therapeutic success possible towards more per-
sonalized treatment approaches [18].

A research group from Slovenia showed that the 
TRIM28-selective nanobody (NB237) dramatically 
inhibited glioblastoma cells and showed some reduc-
tions in zebrafish models for GSC invasiveness and dis-
semination [18]. However, TRIM28 was not found to be 
a direct prognostic marker, but TRIM28 inhibition has 

therapeutic potential for reducing GSC-driven tumor 
spread [18]. Results are indicative of possible efficacy of 
TRIM28 targeting as a strategy toward reduced metasta-
sis and recurrence in glioblastoma [18].

Research into glioblastoma’s molecular mechanisms 
and therapeutic targets have yielded many critical 
insights into the drivers of resistance and recurrence, 
especially concerning glioblastoma stem cells (GSCs). 
Such targets include TGFBI, TRIM28, ALKBH2, and 
ALKBH5 and constitute promising opportunities for tar-
geting the survival of tumor-propagating GSCs. Inclusion 
of these applications into current combined modality 
therapies with SCT, immunotherapy, or molecular-tar-
geted therapies should potentiate therapeutic efficacy 
to improve outcomes for glioblastoma patients. More 
research to validate these approaches and to discover 
new interventions specifically against GSCs is necessary.

The results of the reviewed literature were summarized 
below (Table 2).

Summary of key findings
The last five years have witnessed several studies on the 
roles of each stem cell type in the management of glio-
blastoma (GBM): mesenchymal stem cells (MSCs), neural 
stem cells (NSCs), induced pluripotent stem cells (iPSCs), 
hematopoietic stem cells (HSCs), adipose-derived stem 
cells (ASCs), embryonic stem cells (ESCs), glioblastoma 
stem cells (GSCs), cancer stem cells. Whereas certain 
stem cell types including ASCs, ESCs, and iPSCs have 
been investigated for therapeutic utility, others like GSCs, 
HSCs, and NSCs are believed to contribute to the patho-
physiology of the disease (see Table  2). The potential of 
MSCs has been interesting in the management of GBM 
because of their ability to migrate into the tumors, alter 
the immune system, and carry the therapeutic agents. 
In the same way, NSCs can also find their way to GBM 
tumors, thereby enabling the delivery of treatment to the 
focus.

Even if those results are encouraging some obstacles 
exist which prevent the effective translation of the pre-
clinical outcomes into successful therapies in a clinical 
setting. For instance, there has been a concern over tumor 
risk, cell death rates are inconsistent, and therapeutic 
effects are not guaranteed within a patient population. In 
addition, concerns regarding safety and improvement of 
stem cell administration techniques warrant the conduct-
ing of more vigorous clinical depending on the indication 
of treatment. In order to realize the full benefit of SCT in 
treatment of GBM, these limitations will have to be over-
come. In relation to the molecular mechanism of stem 
cells, a range of therapeutic targets have been identified 
by researchers, among them being TGFBI. TGFBI plays a 
role in GSC maintenance and malignant growth promo-
tion, making it a promising candidate as a biomarker for 



Page 6 of 14Uwishema et al. International Journal of Emergency Medicine          (2025) 18:144 

Re
fe

r-
en

ce
s 

nu
m

be
r

A
ut

ho
rs

Ye
ar

Ti
tle

Ty
pe

 o
f 

St
em

-c
el

l
Su

m
m

ar
y 

of
 e

ffe
ct

s 
or

 re
le

va
nt

 fi
nd

in
gs

Ri
sk

 o
f 

Bi
as

[1
]

Ab
ad

i B
, A

hm
ad

i-
Ze

id
ab

ad
i M

, D
in

i 
L,

 e
t a

l.

20
21

St
em

 c
el

l-b
as

ed
 th

er
ap

y 
tr

ea
tin

g 
gl

io
bl

as
to

m
a 

m
ul

tif
or

m
e.

AS
Cs

, E
SC

s, 
iP

SC
s

Th
is 

st
ud

y 
sh

ow
s S

C 
as

 a
 d

ia
gn

os
tic

 to
ol

 a
nd

 p
itf

al
ls 

of
 S

C-
th

er
ap

y 
in

cl
ud

in
g 

SC
 

m
al

ig
na

nt
 tr

an
sf

or
m

at
io

n.
Lo

w

[2
]

Ak
in

do
na

 F
A,

 F
re

d-
er

ic
o 

SC
, H

an
co

ck
 

JC
, e

t a
l.

20
22

Ex
pl

or
in

g 
th

e 
or

ig
in

 o
f t

he
 c

an
ce

r s
te

m
 c

el
l 

ni
ch

e 
an

d 
its

 ro
le

 in
 a

nt
i-a

ng
io

ge
ni

c 
tr

ea
tm

en
t 

fo
r g

lio
bl

as
to

m
a.

G
SC

s, 
H

SC
s, 

N
SC

s
Th

is 
st

ud
y 

sh
ow

s c
ur

re
nt

 u
nd

er
st

an
di

ng
 o

f t
he

 G
BM

 C
SC

 n
ic

he
 fo

rm
at

io
n 

w
hi

ch
 

sh
ou

ld
 b

e 
ta

rg
et

ed
 b

y 
fu

tu
re

 S
C 

th
er

ap
ie

s.
Lo

w

[3
]

Al
-K

ha
rb

oo
sh

 R
, 

Re
Fa

ey
 K

, L
ar

a-
Ve

la
zq

ue
z 

M
, e

t a
l.

20
20

In
fla

m
m

at
or

y 
M

ed
ia

to
rs

 in
 G

lio
m

a 
M

ic
ro

en
vi

-
ro

nm
en

t P
la

y 
a 

D
ua

l R
ol

e 
in

 G
lio

m
ag

en
es

is 
an

d 
M

es
en

ch
ym

al
 S

te
m

 C
el

l H
om

in
g:

 Im
pl

ic
at

io
n 

fo
r 

Ce
llu

la
r T

he
ra

py

M
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 p
ot

en
tia

l o
f M

SC
-b

as
ed

 th
er

ap
ie

s d
ue

 to
 it

s t
ro

pi
sm

 to
 si

te
s o

f 
in

ju
ry

, i
m

m
un

om
od

ul
at

io
n 

of
 so

lid
 tu

m
or

s, 
an

d 
hy

po
 im

m
un

og
en

ic
 n

at
ur

e.
Lo

w

[4
]

At
tia

 N
, M

as
ha

l M
, 

Pe
m

m
in

at
i S

, e
t a

l.
20

21
Ce

ll-
Ba

se
d 

Th
er

ap
y 

fo
r t

he
 T

re
at

m
en

t o
f G

lio
-

bl
as

to
m

a:
 A

n 
U

pd
at

e 
fro

m
 P

re
cl

in
ic

al
 to

 C
lin

ic
al

 
St

ud
ie

s.

M
SC

s, 
N

SC
s

Th
is 

st
ud

y 
sh

ow
s t

he
 p

ot
en

tia
l o

f M
SC

s f
or

 d
el

iv
er

in
g 

th
er

ap
eu

tic
 a

ge
nt

s t
o 

G
B.

Lo
w

[5
]

Ba
hm

ad
 H

F, 
D

ah
er

 
D

, A
lja

m
al

 A
A,

 e
t a

l.
20

21
Re

pu
rp

os
in

g 
of

 A
nt

ic
an

ce
r S

te
m

 C
el

l D
ru

gs
 in

 
Br

ai
n 

Tu
m

or
s

CS
Cs

Th
is 

st
ud

y 
sh

ow
s t

he
 d

ru
g 

re
pu

rp
os

in
g 

pr
oc

es
s f

or
 ta

rg
et

in
g 

CS
Cs

.
Lo

w

[6
]

Ba
kh

sh
in

ya
n 

D
, 

Sa
va

ge
 N

, S
al

im
 S

K,
 

et
 a

l.

20
21

Th
e 

St
ra

ng
e 

Ca
se

 o
f J

ek
yl

l a
nd

 H
yd

e:
 P

ar
al

le
ls 

Be
tw

ee
n 

N
eu

ra
l S

te
m

 C
el

ls 
an

d 
G

lio
bl

as
to

m
a-

In
iti

at
in

g 
Ce

lls
.

G
SC

s, 
N

SC
s

Th
is 

st
ud

y 
sh

ow
s t

he
 e

xt
en

siv
e 

ov
er

la
p 

be
tw

ee
n 

N
SC

s a
nd

 G
SC

s i
n 

fu
nc

tio
n,

 b
ut

 th
ei

r 
di

st
in

ct
 g

en
et

ic
 d

iff
er

en
ce

s w
hi

ch
 c

an
 b

e 
ta

rg
et

ed
 in

 S
C-

ba
se

d 
th

er
ap

y.
Lo

w

[7
]

Be
nm

el
ou

ka
 A

Y,
 

M
un

ir 
M

, S
ay

ed
 A

, 
et

 a
l.

20
21

N
eu

ra
l S

te
m

 C
el

l-B
as

ed
 T

he
ra

pi
es

 a
nd

 G
lio

-
bl

as
to

m
a 

M
an

ag
em

en
t: 

Cu
rre

nt
 E

vi
de

nc
e 

an
d 

Cl
in

ic
al

 C
ha

lle
ng

es

N
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 p
ot

en
tia

l o
f N

SC
s, 

du
e 

to
 th

ei
r m

ig
ra

to
ry

 a
nd

 tu
m

or
 h

om
in

g 
fe

at
ur

es
, t

o 
be

 e
xp

lo
ite

d 
to

 p
ro

vi
de

 a
n 

im
po

rt
an

t d
ru

g 
de

liv
er

y 
so

ur
ce

 th
at

 m
ay

 h
el

p 
in

 ta
rg

et
in

g 
m

al
ig

na
nt

 c
el

ls 
w

ith
 a

 re
du

ce
d 

to
xi

ci
ty

.

Lo
w

[8
]

Bi
se

ro
va

 K
, J

ak
ov

-
le

vs
 A

, U
lja

no
vs

 R
, 

et
 a

l.

20
21

Ca
nc

er
 S

te
m

 C
el

ls:
 S

ig
ni

fic
an

ce
 in

 O
rig

in
, P

at
ho

-
ge

ne
sis

 a
nd

 T
re

at
m

en
t o

f G
lio

bl
as

to
m

a.
CS

Cs
, G

SC
s

Th
is 

st
ud

y 
sh

ow
s t

he
 c

ha
lle

ng
es

 in
 ta

rg
et

in
g 

G
SC

s d
ue

 to
 th

ei
r c

he
m

ot
he

ra
py

 a
nd

 
ra

di
ot

he
ra

py
 re

sis
ta

nt
 p

ro
pe

rt
ie

s.
Lo

w

[9
]

Bo
yd

 N
H

, T
ra

n 
AN

, 
Be

rn
st

oc
k 

JD
, e

t a
l.

20
21

G
lio

m
a 

st
em

 c
el

ls 
an

d 
th

ei
r r

ol
es

 w
ith

in
 th

e 
hy

po
xi

c 
tu

m
or

 m
ic

ro
en

vi
ro

nm
en

t.
G

SC
s

Th
is 

st
ud

y 
sh

ow
s a

dd
ed

 e
m

ph
as

is 
on

 ta
rg

et
in

g 
th

es
e 

m
ic

ro
en

vi
ro

nm
en

ts
 d

ur
in

g 
th

er
ap

eu
tic

 d
es

ig
n 

m
ay

 le
ad

 to
 d

es
ira

bl
e 

im
pr

ov
em

en
ts

 in
 st

an
da

rd
 o

f c
ar

e.
H

ig
h

[1
0]

Br
yu

kh
ov

et
sk

iy
 I.

20
22

Ce
ll-

ba
se

d 
im

m
un

ot
he

ra
py

 o
f g

lio
bl

as
to

m
a 

m
ul

tif
or

m
e

CS
Cs

, H
SC

s
Th

is 
st

ud
y 

sh
ow

s H
SC

 tr
an

sp
la

nt
at

io
n 

sh
ou

ld
 b

e 
pe

rfo
rm

ed
 d

ire
ct

ly
 a

fte
r c

he
m

or
a-

di
at

io
n 

tr
ea

tm
en

t.
So

m
e 

Co
nc

er
ns

[1
1]

Bu
cc

ar
el

li 
M

, B
en

i-
na

ti 
S,

 Ta
bo

la
cc

i C
20

23
Ed

ito
ria

l: 
Ca

nc
er

 st
em

 c
el

l d
iff

er
en

tia
tio

n:
 A

 
re

al
ist

ic
 p

ot
en

tia
l t

he
ra

pe
ut

ic
 o

pt
io

n?
CS

Cs
Th

is 
st

ud
y 

sh
ow

s t
he

 u
se

 o
f o

rg
an

oi
ds

 to
 st

ud
y 

CS
C 

di
ffe

re
nt

ia
tio

n 
re

qu
ire

s f
ur

th
er

 
st

ud
y.

Lo
w

[1
2]

Ca
lin

es
cu

 A
A,

 K
au

ss
 

M
C,

 S
ul

ta
n 

Z,
 e

t a
l.

20
21

St
em

 c
el

ls 
fo

r t
he

 tr
ea

tm
en

t o
f g

lio
bl

as
to

m
a:

 a
 

20
-y

ea
r p

er
sp

ec
tiv

e
M

SC
s, 

N
SC

s
Th

is 
st

ud
y 

sh
ow

s s
ev

er
al

 n
ew

 d
isc

ov
er

ie
s t

ha
t c

an
 b

e 
us

ed
 to

 m
ak

e 
st

em
 c

el
l t

he
ra

-
pi

es
 fo

r g
lio

bl
as

to
m

a 
m

or
e 

eff
ec

tiv
e 

to
 p

ro
lo

ng
 th

e 
lif

e 
of

 p
at

ie
nt

s w
ith

 b
ra

in
 tu

m
or

s.
Lo

w

[1
3]

Ch
an

g 
X,

 M
a 

Z,
 Z

hu
 

G
, e

t a
l.

20
21

N
ew

 p
er

sp
ec

tiv
e 

in
to

 m
es

en
ch

ym
al

 st
em

 
ce

lls
: M

ol
ec

ul
ar

 m
ec

ha
ni

sm
s r

eg
ul

at
in

g 
os

te
os

ar
co

m
a

M
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 e
ffe

ct
s o

f M
SC

s o
n 

th
e 

co
m

po
ne

nt
s o

f t
he

 T
M

E 
an

d 
ce

llu
la

r 
co

m
m

un
ic

at
io

n 
an

d 
th

e 
pr

os
pe

ct
s f

or
 c

lin
ic

al
 a

pp
lic

at
io

ns
 o

f M
SC

s.
Lo

w

[1
4]

Ch
en

 J,
 H

ua
ng

 L
, 

Ya
ng

 Y,
 e

t a
l.

20
23

So
m

at
ic

 c
el

l r
ep

ro
gr

am
m

in
g 

fo
r n

er
vo

us
 sy

st
em

 
di

se
as

es
: t

ec
hn

iq
ue

s, 
m

ec
ha

ni
sm

s, 
po

te
nt

ia
l 

ap
pl

ic
at

io
ns

, a
nd

 c
ha

lle
ng

es
.

AS
Cs

, H
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 p
ot

en
tia

l b
en

efi
ts

 o
f s

om
at

ic
 c

el
l r

ep
ro

gr
am

m
in

g 
fo

r n
eu

ro
lo

gi
-

ca
l d

ise
as

e 
re

se
ar

ch
 a

nd
 th

er
ap

y.
Lo

w

[1
9]

Ch
oi

 B
D

, M
au

s M
V,

 
Ju

ne
 C

H
, e

t a
l.

20
19

Im
m

un
ot

he
ra

py
 fo

r g
lio

bl
as

to
m

a:
 a

do
pt

iv
e 

t-
ce

ll 
st

ra
te

gi
es

H
SC

s
Th

is 
st

ud
y 

sh
ow

s G
BM

 p
os

es
 a

 u
ni

qu
e 

se
t o

f c
ha

lle
ng

es
 th

at
 m

us
t b

e 
ad

dr
es

se
d 

be
fo

re
 th

e 
fu

ll 
po

te
nt

ia
l o

f i
m

m
un

ot
he

ra
py

 c
an

 b
e 

re
al

iz
ed

.
Lo

w

Ta
bl

e 
2 

Su
m

m
ar

y 
of

 re
le

va
nt

 fi
nd

in
gs

 a
nd

 ty
pe

s o
f s

te
m

 c
el

ls



Page 7 of 14Uwishema et al. International Journal of Emergency Medicine          (2025) 18:144 

Re
fe

r-
en

ce
s 

nu
m

be
r

A
ut

ho
rs

Ye
ar

Ti
tle

Ty
pe

 o
f 

St
em

-c
el

l
Su

m
m

ar
y 

of
 e

ffe
ct

s 
or

 re
le

va
nt

 fi
nd

in
gs

Ri
sk

 o
f 

Bi
as

[2
0]

Ci
ec

ho
m

sk
a 

IA
, 

W
oj

ni
ck

i K
, W

oj
ta

s 
B,

 e
t a

l.

20
23

Ex
pl

or
in

g 
no

ve
l t

he
ra

pe
ut

ic
 o

pp
or

tu
ni

tie
s f

or
 

gl
io

bl
as

to
m

a 
us

in
g 

pa
tie

nt
-d

er
iv

ed
 c

el
l c

ul
tu

re
s

G
SC

s
Th

is 
st

ud
y 

sh
ow

s t
ha

t G
BM

-d
er

iv
ed

 c
el

l c
ul

tu
re

s m
im

ic
 th

e 
co

ns
id

er
ab

le
 tu

m
or

 
he

te
ro

ge
ne

ity
, a

nd
 th

at
 id

en
tif

yi
ng

 p
at

ie
nt

-s
pe

ci
fic

 si
gn

al
in

g 
vu

ln
er

ab
ili

tie
s c

an
 a

ss
ist

 
in

 o
ve

rc
om

in
g 

th
er

ap
y 

re
sis

ta
nc

e,
 b

y 
pr

ov
id

in
g 

pe
rs

on
al

iz
ed

 c
om

bi
na

to
ria

l t
re

at
m

en
t 

re
co

m
m

en
da

tio
ns

.

Lo
w

[2
1]

Co
rb

et
 C

, P
rie

ur
 A

20
20

Ed
ito

ria
l: 

th
er

ap
eu

tic
 ta

rg
et

in
g 

of
 c

an
ce

r s
te

m
-

lik
e 

ce
lls

 (C
sc

)–
 th

e 
cu

rre
nt

 st
at

e 
of

 th
e 

ar
t

CS
Cs

Th
is 

st
ud

y 
sh

ow
s h

ow
 th

e 
sp

ec
ifi

c 
pe

rm
iss

iv
e 

m
ic

ro
en

vi
ro

nm
en

t c
an

 b
e 

th
er

ap
eu

ti-
ca

lly
 e

xp
lo

ite
d.

H
ig

h

[2
2]

D
ai

 X
, Y

e 
L,

 L
i H

, 
et

 a
l.

20
23

Cr
os

st
al

k 
be

tw
ee

n 
m

ic
ro

gl
ia

 a
nd

 n
eu

ra
l s

te
m

 
ce

lls
 in

flu
en

ce
s t

he
 re

la
ps

e 
of

 g
lio

bl
as

to
m

a 
in

 
G

BM
 im

m
un

ol
og

ic
al

 m
ic

ro
en

vi
ro

nm
en

t.

N
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 u
nd

er
ly

in
g 

m
ec

ha
ni

sm
s o

f t
um

or
 m

ic
ro

en
vi

ro
nm

en
t i

n 
th

e 
pa

th
og

en
es

is 
of

 g
lio

m
a.

Lo
w

[1
5]

D
w

iv
ed

i S
, S

ha
rm

a 
P

20
23

Ca
nc

er
 st

em
 c

el
ls:

 fu
tu

re
 p

os
sib

ili
tie

s f
or

 c
an

ce
r 

th
er

ap
y

CS
Cs

Th
is 

st
ud

y 
sh

ow
s m

an
y 

CS
C 

cl
in

ic
al

 tr
ia

ls 
fo

r c
an

ce
r t

re
at

m
en

t h
av

e 
sh

ow
n 

pr
om

ise
.

Lo
w

[1
6]

Fa
re

s J
, A

hm
ed

 A
U

, 
U

la
so

v 
IV

, e
t a

l.
20

21
N

eu
ra

l s
te

m
 c

el
l d

el
iv

er
y 

of
 a

n 
on

co
ly

tic
 a

de
no

-
vi

ru
s i

n 
ne

w
ly

 d
ia

gn
os

ed
 m

al
ig

na
nt

 g
lio

m
a:

 a
 

fir
st

-in
-h

um
an

, p
ha

se
 1

, d
os

e-
es

ca
la

tio
n 

tr
ia

l

N
SC

s
It 

is 
im

pl
ie

d 
th

at
 im

m
un

ol
og

ic
al

 a
nd

 h
ist

op
at

ho
lo

gi
ca

l fi
nd

in
gs

 su
pp

or
t c

on
tin

ue
d 

in
ve

st
ig

at
io

n 
of

 N
SC

-C
RA

d-
S-

pk
7 

in
 a

 p
ha

se
 2

/3
 c

lin
ic

al
 tr

ia
l.

Lo
w

[1
7]

G
er

ib
al

di
-D

ol
dá

n 
N

, 
Fe

rn
án

de
z-

Po
nc

e 
C,

 
Q

ui
ro

z 
RN

, e
t a

l.

20
21

Th
e 

Ro
le

 o
f M

ic
ro

gl
ia

 in
 G

lio
bl

as
to

m
a.

G
SC

s, 
N

SC
s

Th
is 

st
ud

y 
sh

ow
s t

he
 si

m
ila

rit
ie

s t
um

or
 m

ic
ro

en
vi

ro
nm

en
t c

ou
ld

 b
e 

im
po

rt
an

t t
o 

cl
ar

ify
 so

m
e 

m
ec

ha
ni

sm
s i

nv
ol

ve
d 

in
 G

B 
m

al
ig

na
nc

y 
an

d 
to

 su
pp

or
t t

he
 d

isc
ov

er
-

in
g 

of
 n

ew
 th

er
ap

eu
tic

 ta
rg

et
s f

or
 th

e 
de

ve
lo

pm
en

t o
f m

or
e 

eff
ec

tiv
e 

gl
io

bl
as

to
m

a 
tr

ea
tm

en
ts

.

Lo
w

[1
8]

G
ha

se
m

i D
ar

es
ta

ni
 

N
, G

ilm
an

ov
a 

AI
, A

l-
G

az
al

ly
 M

E,
 e

t a
l.

20
23

M
es

en
ch

ym
al

 st
em

 c
el

l-r
el

ea
se

d 
on

co
ly

tic
 v

iru
s: 

an
 in

no
va

tiv
e 

st
ra

te
gy

 fo
r c

an
ce

r t
re

at
m

en
t

M
SC

s
It 

is 
im

pl
ie

d 
th

at
 M

SC
s e

xh
ib

it 
tu

m
or

-t
ro

ph
ic

 m
ig

ra
tio

n 
ch

ar
ac

te
ris

tic
s, 

al
lo

w
in

g 
th

em
 

to
 b

e 
us

ed
 a

s d
el

iv
er

y 
ve

hi
cl

es
 fo

r s
uc

ce
ss

fu
l, 

ta
rg

et
ed

 tr
ea

tm
en

t o
f i

so
la

te
d 

tu
m

or
s 

an
d 

m
et

as
ta

tic
 m

al
ig

na
nc

ie
s.

Lo
w

[2
3]

G
ha

se
m

po
ur

 E
, 

H
es

am
i S

, M
ov

ah
ed

 
E,

 e
t a

l.

20
22

M
es

en
ch

ym
al

 st
em

 c
el

l-d
er

iv
ed

 e
xo

so
m

es
 a

s a
 

ne
w

 th
er

ap
eu

tic
 st

ra
te

gy
 in

 th
e 

br
ai

n 
tu

m
or

s
M

SC
s

Th
is 

st
ud

y 
sh

ow
s p

ot
en

tia
l a

pp
lic

at
io

ns
 o

f M
SC

 a
nd

 th
ei

r p
ro

du
ce

d 
ex

os
om

es
 in

 th
e 

tr
ea

tm
en

t o
f b

ra
in

 tu
m

or
s.

Lo
w

[2
4]

G
isi

na
 A

, K
ho

lo
de

n-
ko

 I,
 K

im
 Y,

 e
t a

l.
20

22
N

ov
el

 D
at

a 
O

bt
ai

ne
d 

by
 S

in
gl

e-
Ce

ll 
Se

qu
en

ci
ng

.
CS

Cs
It 

is 
im

pl
ie

d 
th

at
 in

co
ns

ist
en

ci
es

 in
 e

ar
lie

r g
lio

m
a 

st
em

 c
el

l r
es

ea
rc

h 
an

d 
al

so
 p

ro
vi

de
s 

in
sig

ht
 in

to
 th

e 
de

ve
lo

pm
en

t o
f m

or
e 

eff
ec

tiv
e 

ta
rg

et
ed

 th
er

ap
y.

Lo
w

[2
5]

H
er

sh
 A

M
, G

ai
ts

ch
 

H
, A

lo
m

ar
i S

, e
t a

l.
20

22
M

ol
ec

ul
ar

 P
at

hw
ay

s a
nd

 G
en

om
ic

 L
an

ds
ca

pe
 

of
 G

lio
bl

as
to

m
a 

St
em

 C
el

ls:
 O

pp
or

tu
ni

tie
s f

or
 

Ta
rg

et
ed

 T
he

ra
py

G
SC

s
Th

is 
st

ud
y 

sh
ow

s c
on

tin
ue

d 
in

ve
st

ig
at

io
n 

in
to

 th
e 

m
ol

ec
ul

ar
 p

at
hw

ay
s o

f G
SC

s a
nd

 
ca

nd
id

at
e 

th
er

ap
eu

tic
s i

s n
ee

de
d 

to
 d

isc
ov

er
 n

ew
 e

ffe
ct

iv
e 

tr
ea

tm
en

ts
 fo

r G
BM

 a
nd

 
im

pr
ov

e 
su

rv
iv

al
.

Lo
w

[2
6]

H
o 

N
TT

, R
ah

an
e 

CS
, 

Pr
am

an
ik

 S
, e

t a
l.

20
21

FA
M

72
, G

lio
bl

as
to

m
a 

M
ul

tif
or

m
e 

(G
BM

) a
nd

 
Be

yo
nd

N
SC

s
Th

is 
st

ud
y 

sh
ow

s N
SC

s m
ay

 tr
an

sf
or

m
 in

to
 c

an
ce

r s
te

m
 c

el
ls 

an
d 

ge
ne

ra
te

 b
ra

in
 

tu
m

or
 c

el
ls 

re
sp

on
sib

le
 fo

r b
ra

in
 c

an
ce

r s
uc

h 
as

 g
lio

bl
as

to
m

a 
m

ul
tif

or
m

e 
(G

BM
).

Lo
w

[2
7]

Jia
pa

er
 S

, F
ur

ut
a 

T,
 

Ta
na

ka
 S

, e
t a

l.
20

18
Po

te
nt

ia
l S

tr
at

eg
ie

s O
ve

rc
om

in
g 

th
e 

Te
m

oz
ol

o-
m

id
e 

Re
sis

ta
nc

e 
fo

r G
lio

bl
as

to
m

a
G

SC
s

Th
is 

st
ud

y 
sh

ow
s c

ur
re

nt
 k

no
w

le
dg

e 
of

 d
iff

er
en

t r
es

ist
an

ce
 m

ec
ha

ni
sm

s, 
no

ve
l 

st
ra

te
gi

es
 fo

r e
nh

an
ci

ng
 th

e 
eff

ec
t o

f t
em

oz
ol

om
id

e,
 a

nd
 e

m
er

gi
ng

 th
er

ap
eu

tic
 a

p-
pr

oa
ch

es
 to

 e
lim

in
at

e 
G

SC
s.

Lo
w

[2
8]

Kh
am

is 
ZI

, S
ar

ke
r 

D
B,

 X
ue

 Y,
 e

t a
l.

20
23

M
od

el
in

g 
H

um
an

 B
ra

in
 T

um
or

s a
nd

 th
e 

M
ic

ro
-

en
vi

ro
nm

en
t U

sin
g 

In
du

ce
d 

Pl
ur

ip
ot

en
t S

te
m

 
Ce

lls

iP
SC

s
Th

is 
st

ud
y 

sh
ow

s i
PS

C-
de

riv
ed

 is
og

en
ic

 c
el

ls 
an

d 
th

re
e-

di
m

en
sio

na
l (

3D
) b

ra
in

 c
an

ce
r 

or
ga

no
id

s c
om

bi
ne

d 
w

ith
 p

at
ie

nt
-d

er
iv

ed
 x

en
og

ra
fts

 w
ill

 e
nh

an
ce

 fu
tu

re
 c

om
po

un
d 

sc
re

en
in

g 
an

d 
dr

ug
 d

ev
el

op
m

en
t f

or
 th

es
e 

de
ad

ly
 h

um
an

 b
ra

in
 c

an
ce

rs
.

Lo
w

[2
9]

Kw
on

 S
, Y

oo
 K

H
, 

Sy
m

 S
J, 

et
 a

l.
20

19
M

es
en

ch
ym

al
 st

em
 c

el
l t

he
ra

py
 a

ss
ist

ed
 b

y 
na

no
te

ch
no

lo
gy

: a
 p

os
sib

le
 c

om
bi

na
tio

na
l 

tr
ea

tm
en

t f
or

 b
ra

in
 tu

m
or

 a
nd

 c
en

tr
al

 n
er

ve
 

re
ge

ne
ra

tio
n

M
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 h
om

in
g 

an
d 

ne
rv

e 
re

ge
ne

ra
tiv

e 
ab

ili
tie

s o
f M

SC
s i

n 
or

de
r t

o 
pr

ov
id

e 
a 

be
tt

er
 u

nd
er

st
an

di
ng

 o
f p

ot
en

tia
l c

el
l t

he
ra

pe
ut

ic
 a

pp
lic

at
io

ns
 o

f n
on

-
ge

ne
tic

al
ly

 e
ng

in
ee

re
d 

M
SC

s w
ith

 th
e 

ai
d 

of
 n

an
ot

ec
hn

ol
og

y.

Lo
w

Ta
bl

e 
2 

(c
on

tin
ue

d)

 



Page 8 of 14Uwishema et al. International Journal of Emergency Medicine          (2025) 18:144 

Re
fe

r-
en

ce
s 

nu
m

be
r

A
ut

ho
rs

Ye
ar

Ti
tle

Ty
pe

 o
f 

St
em

-c
el

l
Su

m
m

ar
y 

of
 e

ffe
ct

s 
or

 re
le

va
nt

 fi
nd

in
gs

Ri
sk

 o
f 

Bi
as

[3
0]

La
ki

s N
S,

 B
ro

ds
ky

 
AS

, K
ar

as
hc

hu
k 

G
, 

et
 a

l.

20
22

St
em

 c
el

l p
he

no
ty

pe
 p

re
di

ct
s t

he
ra

pe
ut

ic
 

re
sp

on
se

 in
 g

lio
bl

as
to

m
as

 w
ith

 M
G

M
T 

pr
om

ot
er

 
m

et
hy

la
tio

n.

G
SC

s
Th

is 
st

ud
y 

sh
ow

s t
ha

t t
he

 p
re

se
nc

e 
of

 a
 h

ig
h 

st
em

 c
el

l p
he

no
ty

pe
 in

 G
BM

, a
s m

ar
ke

d 
by

 e
xp

re
ss

io
n 

of
 S

O
X2

 o
r C

D
13

3,
 m

ay
 b

e 
as

so
ci

at
ed

 w
ith

 th
e 

cl
in

ic
al

 re
sp

on
se

 to
 

tr
ea

tm
en

t.

Lo
w

[3
1]

M
iy

ag
uc

hi
 K

, W
an

g 
H

, B
la

ck
 K

L,
 e

t a
l.

20
23

Ac
tiv

at
ed

 T
 c

el
l t

he
ra

py
 ta

rg
et

in
g 

gl
io

bl
as

to
m

a 
ca

nc
er

 st
em

 c
el

ls
G

SC
s

Th
is 

st
ud

y 
sh

ow
s s

yn
th

et
ic

 p
ep

tid
e 

po
ol

 sh
ow

ed
 si

gn
ifi

ca
nt

ly
 in

cr
ea

se
d 

IF
N

-γ
 se

cr
e-

tio
n 

an
d 

in
cr

ea
se

d 
cy

to
to

xi
ci

ty
 to

w
ar

ds
 ta

rg
et

 c
el

ls.
Lo

w

[3
2]

M
oo

sa
vi

 M
A,

 D
ja

va
-

he
ri-

M
er

gn
y 

M
.

20
23

Ex
pl

or
in

g 
th

e 
co

m
pl

ex
 li

nk
 b

et
w

ee
n 

au
to

ph
ag

y, 
re

gu
la

te
d 

ce
ll 

de
at

h,
 a

nd
 c

el
l f

at
e 

pa
th

w
ay

s i
n 

ca
nc

er
 p

at
ho

ge
ne

sis
 a

nd
 th

er
ap

y.

CS
Cs

Th
is 

st
ud

y 
sh

ow
s p

ot
en

tia
l c

lin
ic

al
 re

le
va

nc
e,

 a
s t

he
 e

va
lu

at
io

n 
of

 U
PR

, a
ut

op
ha

gy
 

an
d 

ap
op

to
sis

 m
ar

ke
rs

 c
ou

ld
 b

e 
us

ed
 b

ot
h 

th
er

ap
eu

tic
al

ly
 a

nd
 d

ia
gn

os
tic

al
ly

.
Lo

w

[3
3]

N
ow

ak
 B

, R
og

uj
sk

i P
, 

Ja
no

w
sk

i M
, e

t a
l.

20
21

M
es

en
ch

ym
al

 st
em

 c
el

ls 
in

 g
lio

bl
as

to
m

a 
th

er
a-

py
 a

nd
 p

ro
gr

es
sio

n:
 H

ow
 o

ne
 c

el
l d

oe
s i

t a
ll

M
SC

s
Th

is 
st

ud
y 

sh
ow

s p
re

vi
ou

sly
 sh

ow
n 

co
nt

ra
di

ct
or

y 
da

ta
 a

nd
 p

ro
vi

de
s a

 re
al

ist
ic

, c
ur

-
re

nt
 c

lin
ic

al
 p

er
sp

ec
tiv

e 
on

 M
SC

s’ 
po

te
nt

ia
l i

n 
G

BM
 tr

ea
tm

en
t.

Lo
w

[3
4]

O
ra

ee
-Y

az
da

ni
 S

, 
Ak

hl
ag

hp
as

an
d 

M
, 

Ro
st

am
i F

, e
t a

l.

20
23

Ca
se

 re
po

rt
: S

te
m

 c
el

l-b
as

ed
 su

ic
id

e 
ge

ne
 

th
er

ap
y 

m
ed

ia
te

d 
by

 th
e 

he
rp

es
 si

m
pl

ex
 v

iru
s 

th
ym

id
in

e 
ki

na
se

 g
en

e 
re

du
ce

s t
um

or
 p

ro
gr

es
-

sio
n 

in
 m

ul
tif

oc
al

 g
lio

bl
as

to
m

a

M
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 g
lio

m
at

ou
s f

oc
us

 (f
ro

nt
al

) t
re

at
ed

 w
ith

 b
on

e 
m

ar
ro

w
-d

er
iv

ed
 

M
SC

s c
ar

ry
in

g 
th

e 
H

SV
-T

K 
ge

ne
 h

ad
 a

 d
iff

er
en

t p
at

te
rn

 o
f g

ro
w

th
 a

nd
 re

cu
rre

nc
e 

co
m

pa
re

d 
w

ith
 th

e 
no

n-
tr

ea
te

d 
on

e 
(p

ar
ie

ta
l).

So
m

e 
Co

nc
er

ns

[3
5]

Pi
pe

r K
, D

eP
le

dg
e 

L,
 

Ka
rs

y 
M

, e
t a

l.
20

21
G

lio
m

a 
St

em
 C

el
ls 

as
 Im

m
un

ot
he

ra
pe

ut
ic

 
Ta

rg
et

s: 
Ad

va
nc

em
en

ts
 a

nd
 C

ha
lle

ng
es

.
CS

Cs
, G

SC
s

Th
is 

st
ud

y 
sh

ow
s m

ul
tip

le
 tr

ea
tm

en
t s

tr
at

eg
ie

s h
av

e 
be

en
 su

gg
es

te
d 

ta
rg

et
in

g 
G

CS
s, 

in
cl

ud
in

g 
im

m
un

ot
he

ra
py

, p
os

tt
ra

ns
cr

ip
tio

na
l r

eg
ul

at
io

n,
 m

od
ul

at
io

n 
of

 th
e 

tu
m

or
 

m
ic

ro
en

vi
ro

nm
en

t, 
an

d 
ep

ig
en

et
ic

 m
od

ul
at

io
n.

Lo
w

[3
6]

Ra
m

an
at

ha
n 

A,
 

Lo
rim

er
 IA

J.
20

22
En

gi
ne

er
ed

 c
el

ls 
as

 g
lio

bl
as

to
m

a 
th

er
ap

eu
tic

s
N

SC
s

Th
is 

st
ud

y 
sh

ow
s c

lin
ic

al
 tr

ia
ls 

ha
ve

 e
st

ab
lis

he
d 

th
e 

fe
as

ib
ili

ty
 a

nd
 sa

fe
ty

 o
f e

ng
i-

ne
er

ed
 c

el
l t

he
ra

pi
es

 fo
r g

lio
bl

as
to

m
a 

an
d 

sh
ow

 so
m

e 
ev

id
en

ce
 fo

r a
ct

iv
ity

.
Lo

w

[3
7]

.
Ro

be
rt

so
n 

FL
, 

M
ar

qu
és

-T
or

re
jó

n 
M

A,
 M

or
ris

on
 G

M
, 

et
 a

l.

20
19

Ex
pe

rim
en

ta
l m

od
el

s a
nd

 to
ol

s t
o 

ta
ck

le
 

gl
io

bl
as

to
m

a.
N

SC
s, 

hP
SC

s, 
G

SC
s

Th
is 

st
ud

y 
sh

ow
s t

he
 re

ce
nt

 c
on

ve
rg

en
ce

 o
f t

w
o 

ke
y 

te
ch

no
lo

gi
es

: h
um

an
 st

em
 

ce
ll 

an
d 

ca
nc

er
 st

em
 c

el
l c

ul
tu

re
, a

s w
el

l a
s C

RI
SP

R/
Ca

s t
oo

ls 
fo

r p
re

ci
se

 g
en

om
e 

m
an

ip
ul

at
io

ns
.

Lo
w

[3
8]

Ro
dr

ig
ue

z 
SM

B,
 

St
ai

cu
 G

A,
 S

ev
as

tr
e 

AS
, e

t a
l.

20
22

G
lio

bl
as

to
m

a 
St

em
 C

el
ls-

U
se

fu
l T

oo
ls 

in
 th

e 
Ba

tt
le

 a
ga

in
st

 C
an

ce
r.

G
SC

s
Th

is 
st

ud
y 

sh
ow

s s
ig

ni
fic

an
t r

es
ul

ts
 in

 o
nc

ol
og

y, 
re

se
ar

ch
er

s a
re

 st
ill

 d
ev

el
op

in
g 

no
ve

l 
st

ra
te

gi
es

, o
f w

hi
ch

 o
ne

 c
ou

ld
 b

e 
ta

rg
et

in
g 

th
e 

G
SC

s p
re

se
nt

 in
 th

e 
hy

po
xi

c 
re

gi
on

s 
an

d 
in

va
siv

e 
ed

ge
 o

f t
he

 g
lio

bl
as

to
m

a.

Lo
w

[3
9]

Sa
da

na
nd

an
 N

, 
Sh

ea
r A

, B
ro

ok
s B

, 
et

 a
l.

20
21

Tr
ea

tin
g 

M
et

as
ta

tic
 B

ra
in

 C
an

ce
rs

 W
ith

 S
te

m
 

Ce
lls

M
SC

s
Th

is 
st

ud
y 

sh
ow

s u
sin

g 
st

em
 c

el
l t

he
ra

py
 to

 in
te

rr
up

t i
nfl

am
m

at
io

n 
se

co
nd

ar
y 

to
 th

is 
le

ak
y 

BB
B 

re
pr

es
en

ts
 a

 p
ar

ad
ig

m
-s

hi
fti

ng
 a

pp
ro

ac
h 

fo
r b

ra
in

 c
an

ce
r t

re
at

m
en

t.
Lo

w

[4
0]

Sa
tt

er
le

e 
AB

, D
un

n 
D

E,
 V

al
di

vi
a 

A,
 e

t a
l.

20
22

Sp
at

io
te

m
po

ra
l a

na
ly

sis
 o

f i
nd

uc
ed

 n
eu

ra
l s

te
m

 
ce

ll 
th

er
ap

y 
to

 o
ve

rc
om

e 
ad

va
nc

ed
 g

lio
bl

as
-

to
m

a 
re

cu
rre

nc
e.

N
SC

s
Th

is 
st

ud
y 

sh
ow

s N
SC

 d
el

iv
er

y 
st

ra
te

gi
es

 th
at

 in
cr

ea
se

d 
sp

at
io

te
m

po
ra

l T
RA

IL
 c

ov
er

-
ag

e 
an

d 
sig

ni
fic

an
tly

 d
ec

re
as

ed
 G

BM
 v

ol
um

e 
th

ro
ug

ho
ut

 th
e 

br
ai

n,
 re

du
ci

ng
 tu

m
or

 
bu

rd
en

 1
00

-fo
ld

 a
s q

ua
nt

ifi
ed

 in
 li

ve
 e

x 
vi

vo
 b

ra
in

 sl
ic

es
.

Lo
w

[4
1]

Sc
hi

ffe
r D

, A
n-

no
va

zz
i L

, C
as

al
on

e 
C,

 e
t a

l.

20
18

G
lio

bl
as

to
m

a:
 M

ic
ro

en
vi

ro
nm

en
t a

nd
 N

ic
he

 
Co

nc
ep

t
G

SC
s, 

N
SC

s
Th

is 
st

ud
y 

sh
ow

s i
nt

er
ac

tio
n 

be
tw

ee
n 

G
SC

s a
nd

 e
nd

ot
he

lia
l c

el
ls 

(E
Cs

) i
s b

as
ic

al
ly

 
co

nc
ei

ve
d 

as
 re

sp
on

sib
le

 fo
r t

um
or

 g
ro

w
th

, i
nv

as
io

n 
an

d 
re

cu
rre

nc
e.

Lo
w

[4
2]

Sm
ile

y 
SB

, Z
ar

-
rin

m
ay

eh
 H

, D
as

 S
K,

 
et

 a
l.

20
22

N
ov

el
 th

er
ap

eu
tic

s a
nd

 d
ru

g-
de

liv
er

y 
ap

-
pr

oa
ch

es
 in

 th
e 

m
od

ul
at

io
n 

of
 g

lio
bl

as
to

m
a 

st
em

 c
el

l r
es

ist
an

ce

G
SC

s
Th

is 
st

ud
y 

sh
ow

s a
 ra

tio
na

le
 fo

r m
ul

tid
ru

g 
th

er
ap

y 
us

in
g 

a 
ta

rg
et

ed
 n

an
ot

ec
hn

ol
og

y 
ap

pr
oa

ch
 th

at
 p

re
fe

re
nt

ia
lly

 ta
rg

et
 G

SC
s i

s p
ro

po
se

d 
w

ith
 d

isc
us

sio
n 

an
d 

ex
am

pl
es

 o
f 

dr
ug

s, 
na

no
m

ed
ic

in
e 

de
liv

er
y 

sy
st

em
s, 

an
d 

ta
rg

et
in

g 
m

oi
et

ie
s.

Lo
w

[4
3]

So
ng

 C
G

, Z
ha

ng
 Y

Z,
 

W
u 

H
N

, e
t a

l.
20

18
St

em
 c

el
ls:

 a
 p

ro
m

isi
ng

 c
an

di
da

te
 to

 tr
ea

t n
eu

-
ro

lo
gi

ca
l d

iso
rd

er
s.

ES
Cs

, i
PC

s 
M

SC
s, 

N
SC

s
Th

is 
st

ud
y 

sh
ow

s u
se

 o
f t

ra
ci

ng
 te

ch
ni

qu
es

 fo
r t

ra
ns

pl
an

te
d 

SC
s w

ill
 le

ad
 to

 im
po

rt
an

t 
di

sc
ov

er
ie

s a
bo

ut
 st

em
 c

el
l s

ur
vi

va
l, 

m
ig

ra
tio

n,
 re

te
nt

io
n,

 a
nd

 th
er

ap
y 

m
on

ito
rin

g.
Lo

w

Ta
bl

e 
2 

(c
on

tin
ue

d)

 



Page 9 of 14Uwishema et al. International Journal of Emergency Medicine          (2025) 18:144 

Re
fe

r-
en

ce
s 

nu
m

be
r

A
ut

ho
rs

Ye
ar

Ti
tle

Ty
pe

 o
f 

St
em

-c
el

l
Su

m
m

ar
y 

of
 e

ffe
ct

s 
or

 re
le

va
nt

 fi
nd

in
gs

Ri
sk

 o
f 

Bi
as

[4
4]

St
ev

an
ov

ic
 M

, 
Ko

va
ce

vi
c-

G
ru

jic
ic

 
N

, M
oj

sin
 M

, e
t a

l.

20
21

SO
X 

tr
an

sc
rip

tio
n 

fa
ct

or
s a

nd
 g

lio
m

a 
st

em
 

ce
lls

: C
ho

os
in

g 
be

tw
ee

n 
st

em
ne

ss
 a

nd
 

di
ffe

re
nt

ia
tio

n.

G
SC

s
Th

is 
st

ud
y 

un
de

rli
ne

s t
he

 k
ey

 a
sp

ec
t r

el
ev

an
t t

o 
su

ch
 re

fin
em

en
ts

, t
ha

t i
s, 

m
ul

tim
od

al
 

th
er

ap
eu

tic
 st

ra
te

gi
es

 in
 ta

rg
et

in
g 

m
or

e 
th

an
 o

ne
 h

al
lm

ar
k 

of
 c

an
ce

r c
el

ls 
in

 th
e 

ov
er

al
l b

at
tle

 a
ga

in
st

 G
BM

.

Lo
w

[4
5]

St
re

pk
os

 D
, M

ar
k-

ou
li 

M
, K

lo
no

u 
A,

 
et

 a
l.

20
20

In
sig

ht
s i

n 
th

e 
im

m
un

ob
io

lo
gy

 o
f g

lio
bl

as
to

m
a.

CS
Cs

, G
SC

s
Th

is 
st

ud
y 

sh
ow

s n
ov

el
 th

er
ap

ie
s t

ha
t m

od
ul

at
e 

th
e 

ph
en

ot
yp

e 
of

 m
ic

ro
gl

ia
l a

nd
 a

s-
tr

oc
yt

e 
ce

lls
 to

 a
 p

ro
-in

fla
m

m
at

or
y 

st
at

e 
sh

ow
 p

ro
m

isi
ng

 re
su

lts
 fo

r G
B 

m
an

ag
em

en
t.

Lo
w

[4
6]

Su
n 

N
, M

en
g 

X,
 L

iu
 

Y,
 e

t a
l.

20
21

Ap
pl

ic
at

io
ns

 o
f b

ra
in

 o
rg

an
oi

ds
 in

 n
eu

ro
de

ve
l-

op
m

en
t a

nd
 n

eu
ro

lo
gi

ca
l d

ise
as

es
.

hP
SC

s, 
G

SC
s, 

N
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 c
ur

re
nt

 st
at

e 
of

 b
ra

in
 o

rg
an

oi
d 

di
ffe

re
nt

ia
tio

n 
st

ra
te

gi
es

, s
um

-
m

ar
iz

e 
cu

rre
nt

 p
ro

gr
es

s a
nd

 a
pp

lic
at

io
ns

 in
 th

e 
m

ed
ic

al
 d

om
ai

n,
 a

nd
 d

isc
us

s t
he

 
ch

al
le

ng
es

 a
nd

 p
ro

sp
ec

ts
 o

f t
hi

s p
ro

m
isi

ng
 te

ch
no

lo
gy

.

Lo
w

[4
7]

Ta
ng

 X
, Z

uo
 C

, F
an

g 
P, 

et
 a

l.
20

21
Ta

rg
et

in
g 

G
lio

bl
as

to
m

a 
St

em
 C

el
ls:

 A
 R

ev
ie

w
 

on
 B

io
m

ar
ke

rs
, S

ig
na

l P
at

hw
ay

s a
nd

 Ta
rg

et
ed

 
Th

er
ap

y

G
SC

s
Th

is 
st

ud
y 

sh
ow

s t
ar

ge
tin

g 
G

SC
s p

ro
vi

de
s a

 tr
em

en
do

us
 o

pp
or

tu
ni

ty
 fo

r r
ev

ol
ut

io
n-

ar
y 

ap
pr

oa
ch

es
 to

 im
pr

ov
e 

th
e 

pr
og

no
sis

 a
nd

 th
er

ap
y 

of
 G

BM
, d

es
pi

te
 a

 v
ar

ie
ty

 o
f 

ch
al

le
ng

es
.

Lo
w

[4
8]

To
ng

 L
, J

im
én

ez
-

Co
rt

eg
an

a 
C,

 Ta
y 

AH
M

, e
t a

l.

20
22

N
K 

ce
lls

 a
nd

 so
lid

 tu
m

or
s: 

th
er

ap
eu

tic
 p

ot
en

tia
l 

an
d 

pe
rs

ist
in

g 
ob

st
ac

le
s

iP
SC

s
Th

is 
st

ud
y 

sh
ow

s p
ot

en
tia

l s
tr

at
eg

ie
s t

o 
ci

rc
um

ve
nt

 su
ch

 o
bs

ta
cl

es
 to

w
ar

ds
 su

pe
rio

r 
th

er
ap

eu
tic

 a
ct

iv
ity

.
Lo

w

[4
9]

Ts
ib

ul
ni

ko
v 

S,
 D

re
fs

 
N

M
, T

im
as

he
v 

PS
, 

et
 a

l.

20
22

To
 E

xp
lo

re
 th

e 
St

em
 C

el
ls 

H
om

in
g 

to
 G

BM
: T

he
 

Ri
se

 to
 th

e 
O

cc
as

io
n

M
SC

s, 
N

SC
s

Th
is 

st
ud

y 
sh

ow
s p

ro
te

in
s a

nd
 li

pi
d 

m
ol

ec
ul

es
 th

at
 a

re
 re

le
as

ed
 b

y 
G

BM
 to

 a
tt

ra
ct

 
st

em
 c

el
ls.

Lo
w

[5
0]

Va
id

ya
 M

, S
re

er
am

a 
S,

 G
on

za
le

z-
Ve

ga
 

M
, e

t a
l.

20
23

Co
cu

ltu
re

 w
ith

 n
eu

ra
l s

te
m

 c
el

ls 
m

ay
 sh

ift
 th

e 
tr

an
sc

rip
tio

n 
pr

ofi
le

 o
f g

lio
bl

as
to

m
a 

m
ul

tif
or

m
e 

to
w

ar
ds

 c
an

ce
r-s

pe
ci

fic
 st

em
ne

ss
.

G
SC

s, 
N

SC
s

Th
is 

st
ud

y 
sh

ow
s c

el
l-s

ec
re

te
d 

sig
na

lin
g 

m
ol

ec
ul

es
 a

nd
 e

xt
ra

ce
llu

la
r v

es
ic

le
s (

EV
s)

 
ar

e 
lik

el
y 

in
vo

lv
ed

 in
 re

ci
pr

oc
al

 c
om

m
un

ic
at

io
n 

be
tw

ee
n 

N
SC

s a
nd

 G
BM

, c
au

sin
g 

tr
an

sc
rip

tio
n 

m
od

ifi
ca

tio
n

Lo
w

[5
1]

Va
lo

r L
M

, H
er

vá
s-

Co
rp

ió
n 

I
20

20
Th

e 
ep

ig
en

et
ic

s o
f g

lio
m

a 
st

em
 c

el
ls:

 a
 b

rie
f 

ov
er

vi
ew

.
G

SC
s

Th
is 

st
ud

y 
sh

ow
s m

ul
tip

le
 e

pi
ge

ne
tic

 a
ct

iv
iti

es
 c

an
 b

e 
in

vo
lv

ed
 in

 g
lio

m
a 

m
al

ig
na

nc
y 

in
 a

 c
om

pl
ex

 m
an

ne
r; 

th
er

ef
or

e,
 th

e 
sim

ul
ta

ne
ou

s m
od

ul
at

io
n 

of
 v

ar
io

us
 e

pi
ge

ne
tic

 
ac

tiv
iti

es
 m

ay
 b

e 
hi

gh
ly

 e
ffe

ct
iv

e.

Lo
w

[5
2]

Ve
rd

ug
o 

E,
 P

ue
rt

o 
I, 

M
ed

in
a 

M
Á.

20
22

An
 u

pd
at

e 
on

 th
e 

m
ol

ec
ul

ar
 b

io
lo

gy
 o

f 
gl

io
bl

as
to

m
a

G
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

re
 a

re
 c

lin
ic

al
 tr

ia
ls 

fo
cu

se
d 

on
 th

e 
PI

3K
/A

kt
/m

TO
R 

ax
is,

 a
n-

gi
og

en
es

is,
 a

nd
 tu

m
or

 h
et

er
og

en
ei

ty
 fo

r d
ev

el
op

in
g 

m
ol

ec
ul

ar
-t

ar
ge

te
d 

th
er

ap
ie

s 
ag

ai
ns

t G
BM

.

Lo
w

[5
3]

Vi
ei

ra
 d

e 
Ca

st
ro

 
J, 

G
on

ça
lv

es
 C

S,
 

H
or

m
ig

o 
A,

 e
t a

l.

20
20

Ex
pl

oi
tin

g 
th

e 
Co

m
pl

ex
iti

es
 o

f G
lio

bl
as

to
m

a 
St

em
 C

el
ls:

 In
sig

ht
s f

or
 C

an
ce

r I
ni

tia
tio

n 
an

d 
Th

er
ap

eu
tic

 Ta
rg

et
in

g

G
SC

s
Th

is 
st

ud
y 

sh
ow

s n
on

e 
of

 th
es

e 
ce

ll-
su

rfa
ce

 m
ar

ke
rs

 is
, p

er
 se

, s
uffi

ci
en

tly
 ro

bu
st

 to
 

di
st

in
gu

ish
 G

SC
s f

ro
m

 n
or

m
al

 st
em

 c
el

ls.
Lo

w

[5
4]

W
an

g 
G

, W
an

g 
W

.
20

22
Ad

va
nc

ed
 C

el
l T

he
ra

pi
es

 fo
r G

lio
bl

as
to

m
a.

ES
Cs

, i
PS

Cs
, 

N
SC

s, 
U

CB
Th

is 
st

ud
y 

sh
ow

s a
llo

ge
ne

ic
 st

em
 c

el
l t

he
ra

pi
es

 p
ro

vi
de

 th
e 

po
ss

ib
ili

ty
 o

f c
on

tr
ol

la
bl

e,
 

co
nt

in
uo

us
, a

nd
 c

on
sis

te
nt

 c
el

l t
he

ra
py

 p
ro

du
ct

io
n 

an
d 

sig
ni

fic
an

tly
 re

du
ce

 th
e 

w
ai

t-
in

g 
tim

e 
fo

r G
BM

 p
at

ie
nt

s t
o 

re
ce

iv
e 

ad
va

nc
ed

 tr
ea

tm
en

t.

So
m

e 
Co

ne
rn

s

[5
5]

W
an

g 
Y,

 X
u 

H
, L

iu
 

T,
 e

t a
l.

20
18

Te
m

po
ra

l D
N

A-
PK

 a
ct

iv
at

io
n 

dr
iv

es
 g

en
om

ic
 

in
st

ab
ili

ty
 a

nd
 th

er
ap

y 
re

sis
ta

nc
e 

in
 g

lio
m

a 
st

em
 

ce
lls

CS
Cs

Th
is 

st
ud

y 
sh

ow
s a

 ti
m

e-
se

ns
iti

ve
 m

ec
ha

ni
sm

 c
on

tr
ol

lin
g 

CS
C 

re
sis

ta
nc

e 
to

 D
N

A-
da

m
ag

in
g 

tr
ea

tm
en

ts
 a

nd
 su

gg
es

ts
 D

N
A-

PK
/R

ad
50

 a
s p

ro
m

isi
ng

 ta
rg

et
s f

or
 C

SC
 

er
ad

ic
at

io
n.

Lo
w

[5
6]

W
an

g 
Z,

 Z
ha

ng
 H

, 
Xu

 S
, e

t a
l.

20
21

Th
e 

ad
ap

tiv
e 

tr
an

sit
io

n 
of

 g
lio

bl
as

to
m

a 
st

em
 

ce
lls

 a
nd

 it
s i

m
pl

ic
at

io
ns

 o
n 

tr
ea

tm
en

ts
G

SC
s, 

N
SC

s
Th

is 
st

ud
y 

sh
ow

s n
eu

ra
l s

te
m

 c
el

ls 
w

er
e 

al
so

 h
yp

ot
he

siz
ed

 to
 p

ar
tic

ip
at

e 
in

 g
lio

bl
as

-
to

m
a 

st
em

 c
el

ls 
m

ed
ia

te
d 

tu
m

or
 re

sis
ta

nc
e 

to
 ra

di
o 

ch
em

ot
he

ra
pi

es
.

Lo
w

[5
7]

W
en

 P
Y,

 R
ea

rd
on

 
D

A,
 A

rm
st

ro
ng

 T
S,

 
et

 a
l.

20
19

A 
Ra

nd
om

iz
ed

 D
ou

bl
e-

Bl
in

d 
Pl

ac
eb

o-
Co

nt
ro

lle
d 

Ph
as

e 
II 

Tr
ia

l o
f D

en
dr

iti
c 

Ce
ll 

Va
cc

in
e 

IC
T-

10
7 

in
 

N
ew

ly
 D

ia
gn

os
ed

 P
at

ie
nt

s w
ith

 G
lio

bl
as

to
m

a.

CS
Cs

Th
is 

st
ud

y 
sh

ow
s p

ro
m

isi
ng

 re
su

lts
 fo

r, 
C

T-
10

7,
 a

n 
au

to
lo

go
us

 d
en

dr
iti

c 
ce

ll 
(D

C)
 im

-
m

un
ot

he
ra

py
 ta

rg
et

in
g 

six
 a

nt
ig

en
s o

n 
bo

th
 tu

m
or

 a
nd

 c
an

ce
r s

te
m

 c
el

ls.
Lo

w

Ta
bl

e 
2 

(c
on

tin
ue

d)

 



Page 10 of 14Uwishema et al. International Journal of Emergency Medicine          (2025) 18:144 

Re
fe

r-
en

ce
s 

nu
m

be
r

A
ut

ho
rs

Ye
ar

Ti
tle

Ty
pe

 o
f 

St
em

-c
el

l
Su

m
m

ar
y 

of
 e

ffe
ct

s 
or

 re
le

va
nt

 fi
nd

in
gs

Ri
sk

 o
f 

Bi
as

[5
8]

W
u 

H
, L

iu
 J,

 W
an

g 
Z,

 e
t a

l.
20

21
Pr

os
pe

ct
s o

f a
nt

ib
od

ie
s t

ar
ge

tin
g 

CD
47

 o
r C

D
24

 
in

 th
e 

tr
ea

tm
en

t o
f g

lio
bl

as
to

m
a

CS
Cs

, G
SC

s
Th

is 
st

ud
y 

sh
ow

s t
he

 fe
as

ib
ili

ty
 o

f C
D

47
/C

D
24

 a
nt

ib
od

y 
tr

ea
tm

en
t, 

ei
th

er
 in

di
vi

du
al

ly
 

or
 in

 c
om

bi
na

tio
n,

 to
 ta

rg
et

 th
e 

tu
m

or
 st

em
 c

el
ls.

Lo
w

[5
9]

Ya
o 

Y,
 L

uo
 F,

 Ta
ng

 
C,

 e
t a

l.
20

18
M

ol
ec

ul
ar

 su
bg

ro
up

s a
nd

 B
7-

H
4 

ex
pr

es
sio

n 
le

v-
el

s p
re

di
ct

 re
sp

on
se

s t
o 

de
nd

rit
ic

 c
el

l v
ac

ci
ne

s 
in

 g
lio

bl
as

to
m

a:
 a

n 
ex

pl
or

at
or

y 
ra

nd
om

iz
ed

 
ph

as
e 

II 
cl

in
ic

al
 tr

ia
l

G
SC

s
Th

is 
st

ud
y 

sh
ow

s a
 D

en
dr

iti
c 

Ce
ll 

Va
cc

in
e 

lo
ad

ed
 w

ith
 G

SC
 a

nt
ig

en
s h

as
 sh

ow
n 

pr
om

-
isi

ng
 re

su
lts

 in
 c

lin
ic

al
 tr

ia
ls.

Lo
w

[6
0]

Yu
an

 E
, L

iu
 K

, L
ee

 
J, 

et
 a

l.
20

22
M

od
ul

at
in

g 
gl

io
bl

as
to

m
a 

ch
em

ot
he

ra
py

 re
-

sp
on

se
: E

va
lu

at
in

g 
lo

ng
 n

on
-c

od
in

g 
RN

A 
eff

ec
ts

 
on

 D
N

A 
da

m
ag

e 
re

sp
on

se
, g

lio
m

a 
st

em
 c

el
l 

fu
nc

tio
n,

 a
nd

 h
yp

ox
ic

 p
ro

ce
ss

es

G
SC

s
Th

is 
st

ud
y 

sh
ow

s m
ai

nt
en

an
ce

 o
f G

SC
 id

en
tit

y 
is 

a 
m

ec
ha

ni
sm

 o
f T

M
Z 

re
sis

ta
nc

e.
Lo

w

[6
1]

Za
nd

er
s E

D
, S

ve
ns

-
so

n 
F, 

Ba
ile

y 
D

S.
20

19
Th

er
ap

y 
fo

r g
lio

bl
as

to
m

a:
 is

 it
 w

or
ki

ng
?

G
SC

s
Th

is 
st

ud
y 

sh
ow

s m
od

el
s b

as
ed

 o
n 

pl
ur

ip
ot

en
t s

te
m

 c
el

ls,
 c

om
pl

em
en

te
d 

by
 a

d-
va

nc
es

 in
 si

ng
le

-c
el

l i
m

ag
in

g 
an

d 
ge

ne
 e

di
tin

g 
te

ch
no

lo
gi

es
.

Lo
w

[6
2]

Ze
ng

 J,
 Z

en
g 

XX
20

23
Sy

st
em

s m
ed

ic
in

e 
fo

r p
re

ci
se

 ta
rg

et
in

g 
of

 
gl

io
bl

as
to

m
a.

M
SC

s, 
N

SC
s

Th
is 

st
ud

y 
sh

ow
s N

SC
s a

nd
 M

SC
s a

ct
in

g 
as

 p
ot

en
tia

l v
eh

ic
le

s c
ar

ry
in

g 
th

er
ap

eu
tic

s 
vi

a 
th

e 
in

tr
an

as
al

 ro
ut

e,
 a

vo
id

in
g 

th
e 

ris
ks

 o
f i

nv
as

iv
e 

m
et

ho
ds

 in
 o

rd
er

 to
 re

ac
h 

th
e 

G
BM

 c
el

ls.

Lo
w

[6
3]

Zh
an

g 
Q

, X
ia

ng
 W

, 
Yi

 D
Y,

 e
t a

l.
20

18
Cu

rre
nt

 st
at

us
 a

nd
 p

ot
en

tia
l c

ha
lle

ng
es

 o
f m

es
-

en
ch

ym
al

 st
em

 c
el

l-b
as

ed
 th

er
ap

y 
fo

r m
al

ig
na

nt
 

gl
io

m
as

.

M
SC

s
Th

is 
st

ud
y 

sh
ow

s c
ha

lle
ng

es
 fo

r M
SC

-t
re

at
m

en
ts

 o
f G

BM
 in

cl
ud

in
g:

 n
o 

cl
ea

r c
on

cl
u-

sio
n 

on
 w

he
th

er
 M

SC
s t

he
m

se
lv

es
 su

pp
or

t o
r s

up
pr

es
s t

he
 p

ro
gr

es
sio

n 
of

 g
lio

m
a,

 
gl

io
m

a 
as

so
ci

at
ed

 M
SC

s, 
m

al
ig

na
nt

 tr
an

sf
or

m
at

io
n 

of
 M

SC
s, 

an
d 

M
SC

-m
ed

ia
te

d 
im

m
un

os
up

pr
es

sio
n.

Lo
w

[6
4]

Zh
u 

K,
 X

ie
 V

, H
ua

ng
 

S.
20

20
Ep

ig
en

et
ic

 re
gu

la
tio

n 
of

 c
an

ce
r s

te
m

 c
el

l a
nd

 
tu

m
or

ig
en

es
is

CS
Cs

, G
SC

s
Th

is 
st

ud
y 

sh
ow

s e
pi

ge
ne

tic
 m

od
ifi

ca
tio

ns
 c

on
fe

r t
o 

tu
m

or
 c

el
ls 

in
cl

ud
in

g 
CS

Cs
 

re
ve

rs
ib

le
 a

nd
 in

he
rit

ab
le

 g
en

om
ic

 c
ha

ng
es

 a
nd

 a
ffe

ct
 g

en
e 

ex
pr

es
sio

n 
w

ith
ou

t 
al

te
ra

tio
n 

in
 D

N
A 

se
qu

en
ce

.

Lo
w

Re
su

lts
 o

f v
ie

w
ed

 li
te

ra
tu

re

Ta
bl

e 
2 

(c
on

tin
ue

d)

 



Page 11 of 14Uwishema et al. International Journal of Emergency Medicine          (2025) 18:144 

diagnosing and prognosticating GBMs. Hence, targeting 
these molecules appears to be a potential approach for 
tackling resistance to TMZ in GBM. Furthermore, stud-
ies on TRIM28 selective nanobody (NB237) suggested 
hopeful prospects in terms of therapeutic modalities mit-
igating GBM as it hinders the invasiveness and spread of 
glioblastoma cells and GSCs.

To fully grasp the potential of stem cells in the fight 
against glioblastoma, more research is warranted in this 
field. SCT has the potential to be a useful tool when miti-
gating GBM development and resistance. To appreciate 
further the capabilities and applications of stem cells, we 
advise conducting more experimental study on the many 
kinds of stem cells and their critical role in the treatment 
of glioblastoma alongside other varying neoplasms. It is 
recommended to pursue additional molecular investiga-
tions to provide clarity on the diverse roles of stem cells 
and their possible use in the treatment of glioblastoma.

Rather, there is a need for future studies in the field 
of glioblastoma therapy to focus more specifically on 
the pathways involved in GSC maintenance, prolifera-
tion, and resistance to therapies, such as Notch, Hedge-
hog, and Wnt signaling within glioma stem cells. Further 
exploration of pathways would also lead to disrupting 
basic patterns that sustain GSC-driven tumor progres-
sion and recurrence in favor of more precise and effective 
therapeutic opportunities. Blending stem cell therapies 
into established treatments similar to immunotherapy 
and chemoradiotherapy makes a promising road forward.

Such combinational approaches would confront the 
diversity of glioblastoma at the same time by targeting 
multiple pathways so as to overcome all potential resis-
tance mechanisms and provide enhanced overall effica-
cies. One example could be the utilization of stem cells as 
delivery vehicles for immunomodulatory agents or che-
motherapeutic drugs to synergize with traditional thera-
pies delivering better outcomes.

Moreover, methods of advanced delivery still require 
further refinement. Advanced methods such as biode-
gradable scaffolds and nanotechnology-based platforms 
promise to improve the precision and efficacy of stem 
cell-based treatments. Such systems could be expected 
to offer well-protected transplanted cells with better 
viability and help them reach targeted sites with fewer 
chances of affecting healthy cells. Personalized therapies, 
supported by the nuclear and genetic characteristics of 
patients, can also help in refining the application of stem 
cell therapies to achieve effective and optimal benefits.

Concerns and debates in stem cell therapy for the 
treatment of glioblastoma
The possibility of tumor formation in SCT as a form 
of antineoplastic treatment is a worry to the scientific 
community. An incidence of spontaneous malignant 

transformation has been observed to be 45.8% in the 
long-term culture of MSCs obtained from bone marrow 
[19]. Oxygen tension and culture conditions have a pro-
found impact on such changes. Compared to pluripotent 
properties exhibited by the likes of ESCs and iPSCs, mul-
tipotent stem cells like that of NSCs, MSCs, and HSCs 
are thought to be more stable and appropriate for thera-
peutic uses [19].

MSC transplantation has been considered safe and 
effective for various therapeutic applications. MSCs rely 
on cell communication and adhesion for their viabil-
ity, however, peri-isolation and transplantation, these 
mechanisms are disrupted, precipitating apoptosis via 
anoikis [20]. Anoikis, is cell death caused by detachment 
from the extracellular matrix (ECM). It limits mesen-
chymal stem cell (MSC) survival after transplantation 
but aids cancer metastasis when resisted. Strategies like 
scaffolds and enhanced adhesion improve MSC therapy, 
making anoikis a key focus in glioblastoma treatment. 
It is apoptosis due to loss of cell-ECM or cell-cell adhe-
sion, leads to poor engraftment of MSCs. Strategies to 
improve cell retention and inhibit anoikis, such as using 
biodegradable biomaterials, may enhance the efficacy of 
MSC therapy. While transplantation is important, deliv-
ering MSCs temporarily may reduce the risks associated 
with a long-term presence in the tissue [20]. MSCs are 
believed to have a transient therapeutic effect on resident 
cells rather than a long-lasting one. When utilizing MSC 
therapy, various factors like isolation methods, expansion 
techniques, administration route, cell concentration, and 
synthetic modifications need to be carefully evaluated to 
maximize potential benefits [20].

In addition, the effects of stem cells, specifically MSCs, 
have displayed inconsistencies across different experi-
mental settings. A study by Klopp et al. examined these 
discrepancies and found contradictory results in the liter-
ature [21]. They attribute these differences to the varying 
types of MSCs used, with adult MSCs having a stronger 
tumor-promoting effect compared to fetal MSCs [21]. 
The timing of MSC injection also played a role, with stud-
ies showing a growth-promoting effect when MSCs were 
injected simultaneously with tumor cells, while inhibi-
tory effects were observed when MSCs were introduced 
at a later stage of tumor activity. These findings suggest 
that the phase of tumor growth, whether early or late, 
may significantly influence the effects of MSCs [21, 22].

In conclusion, it is imperative to understand the sub-
stantial differences between animal models and human 
glioblastomas, as this will influence the preclinical effi-
cacy of these models. While animal models have offered 
much insight, their limited resemblance to human glio-
blastoma with respect to vascularization and genetic het-
erogeneity just adds gems to the difficulty in transforming 
such experimental knowledge into clinical practice. Such 
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difficulties are reminders of the importance of research 
into bridging the gap between such animal models and 
human clinical trials for ultimate improvement in the 
treatment of patients suffering from glioblastoma.
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