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I.
INTRODUCTION
Cerebrovascular disease is the most common
A stroke is a neurologic deficit in which the
life-threatening neurological disorder which is
blood supply to the brain diminishes and thus leads
characterized by the loss of neurons and glial cells in
to a medical emergency(1). It is also known as
the brain. Among the neurological disorders, stroke
apoplexy, cerebrovascular accident, cerebral
is the most common one. Stroke therapy primarily
accident, and cerebral infarction(2). Stroke is of two
focuses on restoring blood flow to the brain or
types: 1. Ischemic stroke (88%) – is when the brain's
stopping the hemorrhage in the brain which depends
blood vessels become narrowed or blocked which
upon the type of the stroke. When the stem cells are
leads to reduced blood flow(3). Hemorrhagic stroke
injected the cells travel to the organ from which they
(12%) – is when a blood vessel in the brain leaks or
were taken to revitalize and stimulate the organ's
ruptures(4). A transient ischemic attack (TIA) also
function and regenerate its cellular structure.
known as a mini-stroke is a temporary period(less
Although the administration of various stem cells
than 24hrs) of symptoms similar to those of a stroke.
has shown promise in stroke models, Neural stem
Stem cells are primal cells that retain the
cells (NSCs) derived from human-induced
ability to renew themselves through cell division
pluripotent stem cells (IPSCS) have advantages over
and can differentiate into a wide range of specialized
other cell types. In the last few years, recent
cell types(5). Scientists have recently discovered
development has opened new possibilities to find
Pluripotent stem cells from Embryonic stem
new cell therapies against stroke. These cells have
cells(ESCS) (6).These new types of cells are called
the advantage of gaining genetic backgrounds of
induced pluripotent stem cells(7), (8) Ipscs form a
patients that more precisely model the
class of cloned cells with characteristics similar to
disease-specific pathophysiology and phenotypes
those of Escs and were first discovered (9)by
gained interest in the field of ischemic stroke
Takahashi and Yamanaka using retroviruses to
therapy, due to the lack of ethical concerns and
integrate four factors (10),,(11)(Sox2, Oct3/4(12), Klf4,
reduced risk of immune rejection. The Pluripotency
c-MyC(13) into both mouse and adult human
of Embryonic cells has been demonstrated in vitro
fibroblasts through corresponding vectors(14), (15).
and in vivo and a large body of preclinical data from
IPSCS form a class of cloned cells with
clinical trials have utilized exogenous approaches to
characteristics similar to those of which work by
stem cell therapy for stroke. In this review, we aim
replacing damaged cells within the brain and
to summarize the recent advances in stem cell-based
regulating the immune system to prevent further
therapies for the treatment of stroke.
damage to the body and brain post-stroke(16), (17). The
Keywords:Cell Therapy, Neural Repair, Stroke,
optimal time for introducing stem cells seems to be
Induced Pluripotent Stem Cells, NSC(Neural stem
between 36 and 72 hours after diagnosing the stroke
(18)
cells), IPSCS(human-induced pluripotent stem
.
cells).
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FIGURE 1: TYPES OF STROKE
Epidemiology
Nearly 800,000 people suffer from stroke
each year in the United States; Almost 82-92% of
these strokes are ischemic(19). Stroke is the fifth
leading cause of adult death and disability, resulting
in over $72billion in annual cost. Between the
tenure of 2012 to 2030, total direct medical
stroke-related costs are projected to be $184billion,
with the majority of the costs arising from 65 to 79
years of age(20). Men have strokes at a younger age
than women, therefore the age-adjusted incidence of
stroke is 1.25times greater for men than for women.
The risk of stroke for blacks is almost double that of
whites, and Hispanics have a greater incidence of
hemorrhagic stroke at a younger age(21). Strokes
occur in infants and children.
Etiology
In a prospective study of 27,860 women
aged 45years or older who participated in the
women's health study, Kurth et al found that
migraine with aura was a strong risk factor common
for all types of stroke(22). The adjusted incidence of
this risk factor per 1000 women per year was similar
to those of other known risk factors, including
systolic blood pressure 180mmHg or higher, body
mass index 35 or greater, history of diabetes, family
history of myocardial infarction, and smoking.
For migraine with aura, the total incidence of stroke
in the study was 4.3 per 1000 women per year, the
incidence of ischemic stroke was 3.4 per 1000 per
year, and the incidence of hemorrhagic stroke was
0.8 per 1000 per year(23).
DOI: 10.35629/7781-0705788793

Anatomy of Acute Ischemic Stroke
Acute
Ischemic
Stroke(AIS)
is
characterized by the sudden loss of blood circulation
to an area of the brain, typically in a vascular
territory, resulting in a corresponding loss of
neurologic function(24). The brain is the most
metabolically active organ in the body. While
representing only 2% of the body's mass, it requires
15-20% of the total resting cardiac output to provide
the necessary glucose and oxygen for its metabolism.
Knowledge of cerebrovascular arterial anatomy and
the territories supplied by the cerebral arteries is
useful in determining which vessels are affected in
acute stroke.
Pathophysiology of Acute Ischemic Stroke
The Occlusion of a cerebral blood vessel
initiates a series of events that lead to irreversible
neural damage and cell death in a certain part of the
brain(25).In the cerebral tissue, a series of changes
occur in the neurons, glial cells, and other structural
components which progress from an initial function
loss to a complete structural disruption and cellular
death. Acute cerebral ischemia begins with the
occlusion of a cerebral vessel either by a thrombus
or embolus. The neurons are far more vulnerable to
the effects of ischemia than the glial cells. Among
these the most vulnerable are the pyramidal neurons
of the hippocampus followed by neurons of the
cerebellum, striatum, and neocortex. Acute
ischemia stroke results from vascular occlusion
secondary to thromboembolic disease(26). Ischemia
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causes cell hypoxia and depletion of cellular
adenosine triphosphate(ATP). Without ATP, there is
no longer energy to maintain ionic gradients across
the cell membrane and cell depolarization. The
influx of sodium and calcium ions and the passive
inflow of water into the cell lead to cytotoxic edema.
National Institutes of Health Stroke Scale
A useful tool for quantifying neurologic
impairment is the National Institutes of Health
Stroke Scale(NIHSS). The NIHSS enables the
healthcare provider to rapidly determine the severity
and possible location of the stroke(26). NIHSS scores
are associated with outcome and can help to identify
patients who are likely to benefit from reperfusion
therapies and those who are at higher risk of
developing complications from the stroke itself and
potential reperfusion strategies(27).
The NIHSS focuses on the following 6 major areas
of neurologic examination:
Level of consciousness
Visual function

ISSN: 2456-4494

Motor function
Sensation and neglect
Cerebellar function
Ischemic stroke
that results from events that limit or stop blood flow,
such as extracranial or intracranial thrombotic
embolism, thrombosis in situ, or relative
hypo-perfusion. As blood flow decreases, neurons
cease functioning. Although a range of thresholds
has been mentioned, irreversible neuronal ischemia
and injury are believed to begin at blood flow rates
of less than 18ml/100g of tissue/min, with cell death
occurring rapidly at rates below 10ml/100mg of
tissue/min.
Aim and Objectives
IPSCS-based cell therapy has developed rapidly and
its potential has been studied for the treatment of
many diseases(28). Stem cells injected into distant
arteries or veins travel to the site of a stroke in the
brain to fuel the repair process.

Methodology(29),(30),(31),(32)
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Mechanism of action in stem cells

FIGURE 2: MECHANISM OF ACTION IN STEM CELLS

II.

RESULTS

Stem cell transplantation of induced
pluripotent stem cells is considered to be a
promising alternative for ischemic stroke
treatment(33). While stem cells are still being used in
clinical trials, there is evidence that combined with
clot-busting and mechanical thrombectomy depicts
therapy enhances the recovery of the patient.
Implantation of IPSCS in animal models of
ischemic stroke can effectively promote the
recovery of nerve function (34), (35). Multiple
mechanisms have been proposed to account for
these beneficial effects of IPSCS in treating
ischemic stroke, including cell replacement,
Neuroprotection, modulation of inflammatory
immune responses, stimulation of angiogenesis,
synaptogenesis, and endogenous neurogenesis.

III. DISCUSSION AND CONCLUSION
IPSCS that are derived from skin or blood
cells have been reprogrammed back into an
embryonic-like pluripotent state that enables the
development of an unlimited source of any type of
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human cell needed for therapeutic purposes.
Neurological deficit caused by ischemic stroke
mainly occurs due to the loss of various nerve cells,
including neurons and different types of glial cells
can be created from the tissue of the same patient
that will receive the transplantation, avoiding
immune rejection.
Cell therapy as a treatment for stroke
appears to be safe based on the data obtained in
clinical trials. There is a trend towards clinical
improvement in the sequelae of the patients studied,
but without reaching constituent statistical
significance.
The progress in stem cell biology and the
creation of adult-induced pluripotent stem cells has
significantly improved basic and preclinical
research in disease mechanisms and generated
enthusiasm for potential applications in the
treatment of central nervous system(CNS) disease
including "stroke". Undoubtedly stem cell-based
gene therapy represents a novel potential therapeutic
strategy for stroke in the future.
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FIGURE 3: U.S. iPSC market size 2017-2018

REFERENCE
[1].

[2].

[3].

[4].

[5].

[6].

[7].

Millikan C,In: Goldstein M, Bolis L,
Fieschi C, Gorini S, Millikan CH, eds. The
transient ischemic attack: Cerebrovascular
disorders and stroke Vol 25. New York:
Raven Press, 1979;135–40.
Sacco RL, Kasner SE, Broderick JP,
Caplan LR, Connors JJ, Culebras A. An
updated definition of stroke for the 21st
century: a statement for healthcare
professionals from the American Heart
Association/American Stroke Association.
Stroke. 2013 Jul;44(7):2064-89.
Krishnamurthi RV, Feigin VL, Forouzanfar
MH, Mensah GA, Connor M.Global and
regional burden of first-ever ischaemic and
haemorrhagic stroke during 1990-2010:
findings from the Global Burden of
Disease Study 2010. Lancet Glob Health.
2013 Nov;1(5)
Bullock R, Brock-Utne J, van Dellen J,
Blake G. Intracerebral hemorrhage in a
primate model: effect on regional cerebral
blood flow. Surg Neurol. 1988 Feb;29
Lindvall O, Kokaia Z. Stem cells for the
treatment of neurological disorders. Nature.
2006 Jun 29;441(7097):1094-6
Tatarishvili J, Oki K, Monni E, Koch P,
Memanishvili
T.
Human
induced
pluripotent stem cells improve recovery in
stroke-injured aged rats. Restor Neurol
Neurosci. 2014;32(4):547-58.
Miyagawa S, Sawa Y. Building a new
strategy for treating heart failure using

DOI: 10.35629/7781-0705788793

[8].

[9].

[10].

[11].

[12].

[13].

[14].

| Impact Factor value 7.429

Induced Pluripotent Stem Cells. J Cardiol.
2018 Dec;72(6):445-448.
Fox IJ, Daley GQ, Goldman SA, Huard J,
Kamp TJ, Trucco M. Stem cell therapy.
Use of differentiated pluripotent stem cells
as replacement therapy for treating disease.
Science. 2014 Aug 22;345(6199)
Farkhondeh A, Li R, Gorshkov K, Chen
KG, Might M. Induced pluripotent stem
cells for neural drug discovery. Drug
Discov Today. 2019 Apr;24(4):992-999.
Yu J, Vodyanik MA, Smuga-Otto K,
Antosiewicz-Bourget J, Frane JL, Tian S,
et al. Induced pluripotent stem cell lines
derived
from
human
somatic
cells. Science. 2007;318:1917–20
Shi Y, Desponts C, Do JT, Hahm HS,
Schöler HR, Ding S. Induction of
pluripotent stem cells from mouse
embryonic fibroblasts by Oct4 and Klf4
with small-molecule compounds. Cell
Stem Cell. 2008 Nov 6;3(5):568-74.
Kim JB, Sebastiano V, Wu G,
Araúzo-Bravo MJ, Sasse P, Gentile L, Ko
K, Ruau D. Oct4-induced pluripotency in
adult neural stem cells. Cell. 2009 Feb
6;136(3):411-9.
Kawai H, Yamashita T, Ohta Y, Deguchi K,
Nagotani S. Tridermal tumorigenesis of
induced pluripotent stem cells transplanted
in ischemic brain. J Cereb Blood Flow
Metab. 2010 Aug;30(8):1487-93
Lowry WE, Richter L, Yachechko R, Pyle
AD, Tchieu J, Sridharan R, Clark AT, Plath
| ISO 9001: 2008 Certified Journal Page 792

International Journal of Pharmaceutical Research and Applications
Volume 7, Issue 5 Sep-Oct 2022, pp: 788-793 www.ijprajournal.com

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

K. Generation of human induced
pluripotent stem cells from dermal
fibroblasts. Proc
Natl
Acad
Sci
USA. 2008;105:2883–2888.
Takahashi K, Tanabe K, Ohnuki M, Narita
M. Induction of pluripotent stem cells from
adult human fibroblasts by defined factors.
Cell. 2007 Nov 30;131(5):861-72.
Soma Banerjee, Deborah Williamson,
Nagy Habib, Myrtle Gordon, Jeremy
Chataway, Human stem cell therapy in
ischaemic stroke: a review, Age and
Ageing, Volume 40, Issue 1, January 2011,
Pages 7–13.
Polentes J, Jendelova P, Cailleret M, Braun
H, Romanyuk N. Human induced
pluripotent stem cells improve stroke
outcome
and
reduce
secondary
degeneration in the recipient brain. Cell
Transplant. 2012 Aug 10;21(12):2587-602.
Alessandrini M, Preynat-Seauve O, De
Bruin K, Pepper MS. Stem cell therapy for
neurological disorders. S Afr Med J. 2019
Sep 10;109(8b):70-77.
Flossmann E, Schulz UG, Rothwell PM.
Systematic review of methods and results
of studies of the genetic epidemiology of
ischemic
stroke.
Stroke.
2004
Jan;35(1):212-27.
Benjamin EJ, Virani SS, Callaway CW,
Chamberlain AM, Chang AR, Cheng S.
Heart Disease and Stroke Statistics-2018
Update: A Report From the American
Heart Association. Circulation. 2018 Mar
20;137(12)
Sivenius J, Riekkinen PJ, Smets P, Laakso
M, Lowenthal A. The European Stroke
Prevention Study (ESPS): results by
arterial distribution. Ann Neurol. 1991
Jun;29
Finsterer J, Stöllberger C. Neurological
complications of cardiac disease (heart
brain disorders). Minerva Med. 2016
Feb;107(1):14-25
Sacco RL, Wolf PA, Kannel WB,
McNamara PM. Survival and recurrence
following stroke. The Framingham study.
Stroke. 1982 May-Jun;13(3):290-5.
Baker Ab, Iannone A. Cerebrovascular
disease. I. The large arteries of the circle of
Willis. Neurology. 1959 May;9(5):321-32.
Toole JF, Baker AB, Baker LH, eds, Cole
M. Ischemic cerebrovascular disease.
Clinical
neurology.
Philadelphia:
Lippincott,1984

DOI: 10.35629/7781-0705788793

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

| Impact Factor value 7.429

ISSN: 2456-4494

Fink JN, Selim MH, Kumar S, Silver B,
Linfante I, Caplan LR, et al.. Stroke: Is the
association of National Institutes of Health
Stroke Scale scores and acute magnetic
resonance imaging stroke volume equal for
patients with right- and left-hemisphere
ischemic stroke? 2002; 33:954–958.
Robinton DA, Daley GQ. The promise of
induced pluripotent stem cells in research
and therapy. Nature. 2012 Jan 18;295-305.
He S, Nakada D, Morrison SJ.
Mechanisms of stem cell self-renewal.
Annu Rev Cell Dev Biol 2009;25:377-406.
Polo JM, Anderssen E, Walsh RM,
Schwarz BA, Nefzger CM, Lim SM. A
molecular roadmap of reprogramming
somatic cells into iPS cells. Cell. 2012 Dec
21;151(7):1617-32.
Ben Jehuda R, Shemer Y, Binah O.
Genome Editing in Induced Pluripotent
Stem Cells using CRISPR/Cas9. Stem Cell
Rev Rep. 2018 Jun;14(3):323-336.
Hockemeyer D, Jaenisch R. Induced
Pluripotent Stem Cells Meet Genome
Editing. Cell Stem Cell. 2016 May
5;18(5):573-86. .
Jiang M, Lv L, Ji H, Yang X, Zhu W, Cai L,
Gu X, Chai C, Huang S, Sun J, Dong Q.
Induction of pluripotent stem cells
transplantation therapy for ischemic stroke.
Mol
Cell
Biochem.
2011
Aug;354(1-2):67-75.
Oki K, Tatarishvili J, Wood J, Koch P,
Wattananit S. Human-induced pluripotent
stem cells form functional neurons and
improve recovery after grafting in
stroke-damaged brain. Stem Cells. 2012
Jun;30(6):1120-33.
Inoue H, Nagata N, Kurokawa H,
Yamanaka S. iPS cells: a game changer for
future medicine. EMBO J. 2014 Mar
3;33(5):409-17.
Okano H, Nakamura M, Yoshida K, Okada
Y, Tsuji O. Steps toward safe cell therapy
using induced pluripotent stem cells. Circ
Res. 2013 Feb 1;112(3):523-33.

| ISO 9001: 2008 Certified Journal Page 793

