
Biom
ISSN
www

 

 

Cl
 
 
Phu

 
Labo
*Cor

 
Rec
©Th

 

INT

As 

cell

tive

Init

top

hav

chy

cell

emb

cell

pro

mor

men

1). 

ima

pro

stem

 

medical Resea
N 2198-4093 
w.bmrat.org 

linical ap

uc Van Pham 

oratory of Stem C
rresponding auth

ceived: 20 Dec 
he Author(s) 20

Abstr
planta
more 
and in
cells w
(MSC
disease
approv
treatm
cell th
stem c
 
Keyw
tion 

 
 

TRODUCTIO

one of the f

l therapy offe

e diseases as

tially, bone m

oietic stem c

ve been used 

ymal stem cel

ls, endothelia

bryonic stem

ls. Their use i

oximately 10 

re than 5000 

nt of more th

More impor

ately 12 stem

oved for treat

m cell drugs (

arch and Ther

pplicati

Cell Research an
hor: pvphuc@hc

 2015 / Accept
16. This article i

ract— Stem cel
ation in 1957. Fr
patients treated 

nduced pluripote
were clinically ap
s), neural stem c
es. To the year 2
ved and comme

ment of ophthalm
herapy to repair 
cells to 2015. 

words— Stem c

ON 

our bases of 

ers advanced

s well as for 

marrow was u

cells. To date

in clinical tri

lls, neural ste

al progenitor 

m cells, and in

in clinical tria

years ago. 

clinical trials

han 50 differe

rtantly, from 

m-cell based 

tments, some 

(Table 2).  

rapy 2016, 3(2)

ion of st

nd Application, U
cmuns.edu.vn 

ted: 17 Jan 2016
is published with

ll transplantation
rom the 2000s, 
 with stem cells
ent stem cells (i
pplied. For adul
cells, endothelia

2015, application
ercialized in som
mological disease
damaged cornea

cells, clinical app

healthcare s

d treatment fo

some geneti

used as a sour

e, stem cell t

als include H

em cells, epid

cells, limba

nduced pluri

als strongly in

As per clini

s use stem ce

ent diseases (F

2010 onwar

products hav

of them are 

): 483-489 

Clinical app

em cells

University of Sci

6/ Published o
h open access by

n has the long h
clinical applicati
. Both autologou
iPSCs), and both
lt stem cells, bes
al progenitor cel
ns of MSCs have 
me countries. Ab
es. Currently, the
a in the Europe. 

plication, adult s

science, stem 

or degenera-

ic disorders. 

rce of hema-

types which 

HSCs, mesen-

dermal stem 

l stem cells, 

ipotent stem 

ncreased ap-

icaltrials.gov, 

ells for treat-

Fig. 1, Table 

rds, approx-

ve been ap-

regarded as 

plication of ste

s: An up

ence, Viet Nam N

online: 17 Feb 
 BioMedPress

history of more t
ions of stem cell
us stem cells and
h in vitro non-e
sides hematopoi
lls, limbal stem c
 dramatically inc
bout iPSCs, Japa
e European Med
 This review aim

tem cells, induc

 

 

 

 

 

 

 

Figu

cord

cal t

em cells 

date 201

National Univer

2016 
s (BMP) 

than 50 years fro
ls significantly in
d allogeneic stem
xpanded stem c
etic stem cells (
cells… also wer
creased when so
anese scientists 
dicines Agency a

med to summariz

ced pluripotent s

ure 1. Stem cel

ding to clinical

trials were perf

15 

rsity, Ho Chi Min

om the first bon
ncreased with m

m cells as well as
cells and in vitro
(HSCs), mesench
re used in the tre
me MSCs-based
also firstly appl

approved the firs
ze, update clinica

stem cells, stem 

ll therapy clin

ltrials.gov, Jan 

formed at some

 

R

nh city, Viet Nam

ne marrow trans
more diseases and
s adult stem cell
o expanded stem
hymal stem cell
eatment of some

d drugs that were
ied the iPSCs in

st expanded stem
al applications o

 cell transplanta

nical trials in t

2016). More th

e countries as T

483 

REVIEW

m 

-
d 
s 

m 
s 
e 
e 
n 

m 
of 

-

 

he world (ac-

han 5000 clini-

Table 1. 

DOI 10.7603/s40730-016-0005-9



Pham, 2016                                                                                                                                                      Biomed Res Ther 2016, 3(2): 483-489 
 

484 
Clinical application of stem cells 

  

Table 1. Stem cell clinical trials were distributed over the world 

Region Name Numbers of clinical 

trials 

World  5348 

 Africa    32 

Central America    42 

East Asia   532 

+ Japan  34 

Europe    1207 

Middle East    213 

North America  3079 

+ Canada    242 

+ Mexico  29 

+ United States    2961 

North Asia    60 

Pacifica    109 

South America   67 

South Asia    84 

Southeast Asia    64 

Table 2. Some stem cells based products approved for treatment 

Names of prod-

ucts 

Kinds of stem 

cells 

Indication Type of 

trans-

planta-

tion 

Company of produc-

tion 

Country 

of ap-

proval 

Cartistem HSCs from UCB Osteoarthritis Allo Medipost Korea 

MPC  MSCs N/A Allo Mesoblast Australia 

Cupistem MSCs from AT Crohn’s disease Auto Anterogen Korea 

Prochymal MSCs from BM GVHD Allo Osiris Therapeutics Canada  

AlloStem MSCs from BM Bone and cartilage 

degeneration  

Allo AlloSource US 

HeartiCellGram-

AMI 

MSCs from BM Post heart infarction Auto FCB PharmiCell Korea 

Osteocel Plus MSCs from BM Bone and cartilage 

degeneration 

Allo NuVasive US 

Trinity Evolu-

tion 

MSCs from BM Bone and cartilage 

degeneration  

Allo Orthofix US 

CardioRel MSCs from BM Post heart infarction Auto Reliance Life Science India 

HoloClar Limbal stem 

cells 

Injured cornea Auto HoloStem EU 

HemaCord HSCs N/A Allo NewYork Blood Center US 

DuCord HSCs N/A Allo Duke University and 

Carolinas Blood Bank 

US 

N/A: Non indication 
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cord trauma, chronic spinal cord injury, Lou Gehrig’s 

disease, ALS, disabled ischemic stroke, Parkinson’s 

diseases, Alzheimer’s diseases, and spinal cord injury. 

To date, there has been a single clinical trial using hu-

man ESC-derived neural cells for CNS injury treat-

ment. In 2010, Geron Corporation started Phase I clin-

ical trials using human ESC-derived oligodendrocyte 

progenitors (GRNOPC1 cells) in patients with neuro-

logically complete, subacute spinal cord injury (Clini-

calTrials.gov identifier:NCT01217008) (Lebkowski, 2011; 

Okamura et al., 2007). In 2013, AsteriasBiotherapeu-

tics, Inc., a subsidiary of BioTime, purchased the Ge-

ron Corporation’s stem cell division and announced 

the resumption of its spinal cord trial. 

 

Table 5. Clinical trials involving NSCs for neurodegenerative diseases 

NCT 

number 
Title Recruitment Conditions Interventions

Spon-

sor/Collaborators
Phases 

Enroll-

ment 

Start 

date 

Com-

pletion 

date 

NCT003

37636 

Study of HuCNS-SC 

Cells in Patients With 

Infantile or Late Infan-

tile Neuronal CeroidLi-

pofuscinosis (NCL) 

Completed 
Neuronal CeroidLipo-

fuscinosis 

Biological: 

HuCNS-SC 
StemCells, Inc. Phase 1 6 

May 

2006 

Sep-

tember 

2009 

NCT010

05004 

Study of Human Cen-

tral Nervous System 

(CNS) Stem Cells 

Transplantation in Peli-

zaeus-Merzbacher Dis-

ease (PMD) Subjects 

Completed 
Pelizaeus-Merzbacher 

Disease 

Biological: 

HuCNS-SC 

cells implan-

tation 

StemCells, Inc. Phase 1 4 

No-

vember 

2009 

De-

cember 

2012 

NCT011

51124 

Pilot Investigation of 

Stem Cells in Stroke 

Active, not 

recruiting 
Stroke 

Biological: 

CTX0E03 

neural stem 

cells implan-

tation 

ReNeuron Li-

mited 
Phase 1 12 

June 

2010 

March 

2015 

NCT012

17008 

Safety Study of 

GRNOPC1 in Spinal 

Cord Injury 

Completed Spinal Cord Injury 

Biological: 

hES-derived 

GRNOPC1 

implantation 

AsteriasBiothera-

peutics, Inc. 
Phase 1 5 

October 

2010 

July 

2013 

NCT012

38315 

Safety and Efficacy 

Study of HuCNS-SC in 

Subjects With Neuronal 

CeroidLipofuscinosis 

Withdrawn 
Neuronal CeroidLipo-

fuscinosis 

Biological: 

HuCNS-SC 

cells implan-

tation 

StemCells, Inc. Phase 1 0 

No-

vember 

2010 

April 

2011 

NCT013

21333 

Study of Human Cen-

tral Nervous System 

Stem Cells (HuCNS-SC) 

in Patients With Thorac-

ic Spinal Cord Injury 

Active, not 

recruiting 

Thoracic Spinal Cord 

Injury|Spinal Cord 

Injury|Spinal Cord 

Injury Thoracic|Spinal 

Cord Trauma 

Biological: 

HuCNS-SC 

cells implan-

tation 

StemCells, Inc. Phase 1-2 12 
March 

2011 

De-

cember 

2015 

NCT013

48451 

Human Spinal Cord 

Derived Neural Stem 

Cell Transplantation for 

the Treatment of Amyo-

trophic Lateral Sclerosis 

Active, not 

recruiting 

Amyotrophic Lateral 

Sclerosis 

Biological: 

human neural 

spinal cord 

stem cells 

implantation 

Neuralstem Inc. Phase 1 18 
January 

2009 

August 

2014 

NCT016

40067 

Human Neural Stem 

Cell Transplantation in 

Amyotrophic Lateral 

Sclerosis (ALS) 

Recruiting 
Amyotrophic Lateral 

Sclerosis 

Biological: 

Human 

Neural Stem 

Cells implan-

tation 

AziendaOspeda-

liera Santa Maria, 

Terni, Ita-

ly|AziendaOsped

alieroUniversita-

ria Maggiore del-

laCari-

ta|Università di 

Padova Italy 

Phase 1 18 
Decem-

ber 2011

Sep-

tember 

2016 
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NCT 

number 
Title Recruitment Conditions Interventions

Spon-

sor/Collaborators
Phases 

Enroll-

ment 

Start 

date 

Com-

pletion 

date 

NCT017

25880 

Long-Term Follow-Up 

of Transplanted Human 

Central Nervous Sys-

tem Stem Cells 

(HuCNS-SC) in Spinal 

Cord Trauma Subjects 

Enrolling by 

invitation 
Spinal Cord Injury Observation StemCells, Inc. Phase 1-2 12 

No-

vember 

2012 

March 

2019 

NCT017

30716 

Dose Escalation and 

Safety Study of Human 

Spinal Cord Derived 

Neural Stem Cell 

Transplantation for the 

Treatment of Amyo-

trophic Lateral Sclerosis 

Enrolling by 

invitation 

Amyotrophic Lateral 

Sclerosis 

Biological: 

Human spin-

al cord stem 

cell implanta-

tion 

Neuralstem Inc. Phase 2 18 
May 

2013 

April 

2014 

NCT017

72810 

Safety Study of Human 

Spinal Cord-derived 

Neural Stem Cell 

Transplantation for the 

Treatment of Chronic 

SCI 

Not yet 

recruiting 

Spinal Cord Injury 

(SCI) 

Biological: 

Human spin-

al cord stem 

cells implan-

tation 

Neuralstem Inc. Phase 1 8 
May 

2014 

March 

2016 

NCT021

17635 

Pilot Investigation of 

Stem Cells in Stroke 

Phase II Efficacy 

Not yet 

recruiting 

Ischaemic-

Stroke|CerebralInfarcti

on|Hemiparesis|Arm 

Paralysis 

Biological: 

CTX DP 

ReNeuron Li-

mited 
Phase 2 

   

 

Endothelial progenitor cells 

Endothelial progenitor cells (EPCs) were first discov-

ered in 1997. Although their classification as stem cells 

is controversial, they are considered to be an impor-

tant source of cells used in regenerative medicine. 

These cells can differentiate into specific cell types but 

are limited in self-renewal. EPC-based therapies have 

been tested in angiogenesis therapy for critical ischem-

ic tissues, post injury vascular endothelial regenera-

tion, and in in vivo tissue engineering. There are two 

types of EPCs, namely, early EPCs and late EPCs. The 

early EPCs are spindle-shaped cells that attain peak 

growth at approximately 2 weeks and die by 4 weeks. 

Late EPCs appear only as a cobblestone monolayer 

with near-complete confluence, exhibit exponential 

population growth without senescence over 4-8 weeks 

and live for up to 12 weeks. EPCs have been clinically 

tested for treating diseases (Jujo et al., 2008; Lee and 

Poh, 2014; Losordo et al., 2007). To date, all clinical 

trials using EPCs involve autologous transplantation 

(Table 6). Allogeneic transplantation has been tested 

in animal models and can be applicable to humans in 

the near future.  

 
 

Table 6. Summary of clinical trials: Effect of heart failure 

on endothelial progenitor cells 

 

Ref. Subjects

EPCs 

(number/ 

function) 

Findings 

Valgimigli 

et al 

(Valgimigli 

et al., 2004)

45 

healthy 

controls 

91 CHF 

CD34+, 

CD34+/ 

CD133+ 

/KDR+ 

(flow  

cytometry) 

CD34+ and 

CD34+/CD133+/KDR+ are 

significantly elevated in CHF 

patients compared to con-

trols EPC number is nega-

tively correlated with NYHA 

functional class 

Nonaka-

Sarukawa 

et al 

(Nonaka-

Sarukawa 

et al., 2007)

22 

healthy 

controls 

16 mild 

CHF 10 

severe 

CHF 

CD34+ 

(flow  

cytometry) 

CD34+ is significantly higher 

in mild CHF compared to 

severe CHF 

Michowitz 

et al 

(Michowitz 

et al., 2007)

107 CHF CFU 

CFU is the independent pre-

dictor for CHF CFU is also 

negatively correlated with 

NYHA functional class 

EPC: Endothelial progenitor cells; CHF: Congestive heart failure; CFU: Colony 
forming unit; NYHA: New York Heart Association. 
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Embryonic stem cells and induced pluripotent stem 

cells 

Human embryonic stem cells (ESCs) as well as in-

duced pluripotent stem cells (iPSCs)-based therapies 

have also moved to clinical trials despite ethical issues. 

ESCs and IPSCs have been used in two forms, includ-

ing ESCs and ESCs-derived cells. Human ESCs-

derived retinal pigment epithelium was used to treat 

age-related macular degeneration and Stargardt’s ma-

cular dystrophy (Schwartz et al., 2015) in Phase I/II 

(Table 7). Preliminary results after 1 year of treatment 

showed that visual acuity improved (9-19 letters in 

three patients) and remained stable (+1 letter in one 

patient) (Song et al., 2015). Besides, ESCs and iPSCs 

were also used to treat other diseases such as spinal 

cord injury, geographic atrophy secondary to myopic 

macular degeneration, Stargardt macular degenera-

tion of retina, dry macular degeneration of retina, wet 

macular degeneration of retina, diabetes Type I, heart 

failure, and immunotherapy vaccine for lung cancer. 

Compared to adult stem cells, ESCs have undergone 

fewer clinical trials in a limited number of patients but 

it is expected that they will be widely employed in the 

near future.  

 

Table 7. Clinical trials involving ESCs/iPSCs 

Indication Cell 

source 

Institution Country Start date Finish 

date 

Subjects

Spinal cord injury hESC Geron USA October 2010 July 2013 5 

Asterias USA March 2015 June 2018 13 

Immunotherapy vaccine for lung 

cancer 

hESC Asterias UK Not defined Not de-

fined 

Not de-

fined 

Geographic atrophy secondary to 

myopic macular degeneration 

hESC Ocata USA April 2014 April 2015 Not de-

fined 

Stargardt macular degeneration of 

retina 

hESC Ocata USA July 2012 December 

2030 

13 

UK Nov 2011 Dec 2015 16 

Dry macular degeneration of retina hESC Ocata USA July 2012 Dec 2030 13 

Cell Cure 

Neurosciences 

Israel April 2015 Aug 2017 15 

iPSC Riken CBD Japan Oct 2013 Not de-

fined 

6 

Wet macular degeneration of retina hESC The London 

Project to Cure 

Blindness 

UK Aug 2015 Oct 2016 10 

Diabetes type I hESC ViaCyte USA Sept 2014 Aug 2017 40 

Heart failure hESC APHP France June 2013 June 2017 6 

 

CONCLUSION 

Stem cell therapy has strongly developed since the 

2010s to date. Besides hematopoietic stem cell trans-

plantation, mesenchymal stem cell (MSC) transplanta-

tion becomes a new choice for regenerative medicine. 

These initial results from clinical trials of MSC trans-

plantation showed that MSC transplantation is open-

ing a new revolution of stem cell therapy in next dec-

ades. Embryonic stem cells as well as pluripotent stem 

cells have vastpotential for treatment, but they only 

could become treatment options when the problems 

about in vivo; in vitro spntaneous differentiation and 

tumorigenesis in vivo would be strictly controlled. In 

conclusion, stem cell therapy is continously growing 

at a high rate, it truly becomes an essential treatment 

in modern medicine. 
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