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Introduction

Autoimmune disease occurs when the body
tissues are attacked by its own immune system
because of an inappropriate immune response
directed toward self-antigens. Over 60 autoim-
mune diseases exist affecting about 6% of the
population (Siatskas et al. 2006).

Current systemic therapies using steroids or
immunosuppressant drugs are not always effec-
tive and are rarely curative for patients with
severe autoimmune disease. Furthermore, they
are associated with side effects and substantial
toxicity (Jantunen and Myllykangas-Luosujirvi
2000). Recent advances in the understanding of
the pathogenesis of autoimmune diseases have
given rise to many targeted approaches for the
treatment of these diseases, including the use of
biological agents that target cytokines and
immune cells, and stem cell therapy.

Mesenchymal stem cells (MSCs) are non-
hematopoietic progenitor cells with multi-
lineage differentiation potential. Recently,
MSCs have been considered as natural immune
modulators, and therefore, research has been
directed at using MSCs for the treatment of
immune-mediated diseases. In addition to
immunomodulation, MSCs also hold potential
for the repair of various defects because of a
number of attractive properties, including differ-
entiation capabilities, paracrine effects, and their
capacity for directional migration (Wang et al.
2011). MSCs were first isolated from the bone
marrow, and later from other tissues, including
the placenta, muscle, cartilage, and fat. Bone
marrow MSCs were the first to be used for ther-
apy. However, collection from the bone marrow
is a painful, invasive procedure that generates
relatively low yields.

Adipose tissue is becoming an alternative
source of MSCs, and it is readily available and
easy to obtain. Research focusing on ASCs has
intensified with many preclinical studies and
clinical trials (Choi 2009). This review provides
an overview on the etiology, classification, and
experimental animal models of human autoim-
mune disease. It will highlight the advantageous
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properties of ASCs and the application of these
cells in the treatment of autoimmune diseases.

Etiology and Classification
of Autoimmune Diseases

The etiology of autoimmune diseases is
unknown, but is thought to result from a combi-
nation of genetic factors, inappropriate immune
regulations, and hormonal and environmental
factors (Choi 2012). The underlying mechanism
is generation of an adaptive immune response
against self-antigens (Siatskas et al. 2006). This
autoimmunity can be induced by many factors,
including failure of clonal anergy or clonal
suppression of self-reactive lymphocytes, release
of sequestered antigens, molecular mimicry
between microbial antigens and host proteins
(self-antigen), inappropriate expression of major
histocompatibility complex (MHC) class II
molecules, cytokine imbalance, dysfunction of
the idiotype network regulatory pathways, gen-
eral regulatory T-cell defects, and polyclonal B
cell activation due to infection by bacteria or
viruses (Kuby 1994).

Autoimmune diseases can be broadly classified
as organ-specific or systemic depending on the
location of the target antigen and clinical features
(Siatskas et al. 2006). Common examples of sys-
temic autoimmune diseases include systemic
lupus erythematosus, rheumatoid arthritis, sys-
temic sclerosis, ankylosing spondylitis, and poly-
myositis. Organ-specific autoimmune diseases
include type 1 diabetes, Addison’s disease,
Hashimoto thyroiditis, Graves’ disease, Sjogren’s
syndrome, vitiligo, pernicious anemia, glomerulo-
nephritis, myasthenia gravis, Goodpasture’s syn-
drome, autoimmune hemolytic anemia, idiopathic
thrombocytopenia purpura, and pulmonary fibro-
sis (Kuby 1994).

Advantageous Properties
of Mesenchymal Stem Cells

MSC:s are considered promising therapeutic tools
because of their capacity for differentiation and
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transdifferentiation and their paracrine effects.
MSCs release paracrine factors, including
trophic (anti-apoptotic, supportive, and angio-
genic), chemoattractant, anti-scarring, and immu-
nomodulatory factors. Ponte et al.’s study (2007)
showed that BM MSCs express many receptors,
including the tyrosine kinase receptors, platelet-
derived growth factor receptor (PDGF-R)a,
PDGF-Rp, and insulin-like growth factor receptor
(IGF-R), regulated upon activation, normal T-cell
expressed and secreted receptor (RANTES) as
well as the macrophage-derived chemokine
(MDC) receptors, C-C motif receptor (CCR)2,
CCR3, and CCR4, and the stroma-derived factor
(SDF)-1 receptor, C-X-C chemokine receptor
(CXCR)4. BM MSCs migrate in response to many
chemotactic factors such as PDGF-AB, IGF-1,
RANTES, MDCs, and SDF-1. Baek et al.’s
study (2011) using flow cytometry and reverse-
transcriptase polymerase chain reaction revealed
that ASCs express CCR1, CCR7, CXCR4,
CXCRS, CXCR6, epidermal growthfactor recep-
tor (EGFR), fibroblast growth factor receptor 1
(FGFR1), transforming growth factor beta (TGF-
3) receptor 2, tumor necrosis factor (TNF) recep-
tor superfamily member 1A, PDGF-Ra, and
PDGF-Rf. The authors also reported that the
migration of ASCs is controlled by various growth
factors and chemokines. Molecules that mediate
immunomodulatory effects of MSCs include
prostaglandin E2 (PGE2), transforming growth
factor-p  (tumor growth factor-f, TGF-p),
hemoxygenase-1 (HO-1), hepatocyte growth fac-
tor (HGF), 2, 3-dioxygenase (IDO), interleukin
(IL)-10, human leukocyte antigen G (HLA-G),
and leukemia inhibitory factor (LIF). These
molecules produce anti-proliferative effects on
T cells or natural killer (NK) cells, PGE2
modulates the secretory profile of dendritic cells
and macrophages, and HO-1 and LIF induces the
generation of regulatory T cells (Meirelles Lda
et al. 2009). Further, MSCs have low immunoge-
nicity because they lack MHC class II or
co-stimulatory molecules such as B7, CD40, and
CD40L, and as such are poorly recognized by T
cells. MSCs are, therefore, an attractive alterna-
tive source for treatment of tissue injury and

immune-mediated diseases. As described above,
ASCs are considered as an ideal source of stem
cells for regenerative medicine because they are
abundant, easily available, and non-immunogenic
with minimal ethical objections to their clinical
use. Further, several recent studies revealed that
ASCs are less affected by aging and multiple
passaging events compared to BM MSCs, as
measured by p21 gene expression, telomerase
activity, and senescence-associated f-galactosi-
dase activity (Chen et al. 2012). Therefore,
ASCs represent a promising autologous cell
source for cell-based therapy and cell-based gene
therapy in various patients, even in elderly
patients.

Experimental Animal Models
of Autoimmune Diseases

Animal models for autoimmune diseases have
provided an understanding of the mechanism
underlying autoimmunity and a valuable insight
into potential treatments (Kuby 1994). Animal
models for autoimmune diseases are broadly
divided into spontaneous, experimentally induced,
and genetically engineered animal models (Taneja
and David 2001). Two major multigenic sponta-
neous mouse models of human autoimmune
diseases are F1 hybrids of New Zealand Black
and New Zealand White mice (NZB/W F1) and
non-obese diabetic (NOD) mice. NZB/W F1 mice
develop a spontaneous autoimmune disease with
striking similarities to human systemic lupus
erythematosus (SLE). In female NZB/W F1 mice,
anti-nuclear antibodies, including anti-dsDNA
antibodies, are produced, and develop severe
immune complex-mediated glomerulonephritis.
All mice die from renal failure by 10-12 months
of age (Wang et al. 1996). Genetic analysis of
these NZB/W F1 mice have provided very impor-
tant information on the genetic mechanisms
involved in the development of SLE (Taneja and
David 2001). NOD mice spontaneously develop
diabetes that resembles human type I diabetes
mellitus (Type I DM). Human type 1 DM
and NOD mice share a similar pathology and
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immunological basis. They have islet-reactive CD4
+ T and CD8+ T cells and the predisposing MHC
class I molecule (HLA-DQS8 and I-Ag7) genes
(Taneja and David 2001). Other spontaneous ani-
mal models include the obese-strain chicken that
resembles Hashimoto’s thyroiditis.

Experimentally induced animal models can be
induced in various species by immunization with
potential known autoantigens in complete
Freund’s adjuvant. Well-known autoantigens
include myelin basic protein, proteolipid protein,
and myelin oligodendrocyte glycoprotein, which
are used to induce autoimmune encephalomyeli-
tis that resembles human multiple sclerosis.
Other common autoantigens include thyroglobu-
lin, type II collagen, acetylcholine receptor, and
interphotoreceptor retinoid-binding protein that
are used to induce models of Hashimoto’s thy-
roiditis, human rheumatoid arthritis, human
myasthenia gravis, and human uveitis, respec-
tively (Kuby 1994). The advantage of experi-
mentally induced animal models is the control
over the onset and progression of disease.

Genetically engineered animal models
include ~ MHC-transgenic  models, TCR-
transgenic models, cytokine knockout models
with/without cytokine receptor, and TCR knock-
out models. For example, the HLA-DQS rat insu-
lin promoter (RIP).B7-1-transgenic mice are an
excellent model for human type I DM. HLA-
DQ8 RIP.B7-1- transgenic mice are produced
by crossing HLA-DQ8 (type 1 diabetes-
predisposing MHC class II molecule) transgenic
mice with RIP.B7-1 transgenic mice, which
express the co-stimulatory molecule B7-1 in the
B cells of islets (Wen et al. 2001). Crossing KRN
mice that express rearranged specific TCR genes
with a NOD strain (H-2Ag7) induces spontane-
ous systemic arthritis that resembles rheumatoid
arthritis (Matsumoto et al. 1999). IL-2, IL-2R «,
IL-10, and TCR-o knockout models develop
spontaneous inflammatory bowel disease, resem-
bling human Crohn’s disease, and IL-10 knock-
out models develop chronic enterocolitis that
resembles human inflammatory bowel disease
(Kiihn et al. 1993).
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Therapeutic Application of Adipose
Tissue-Derived Mesenchymal Stem
Cells in Experimental Animal Models
of Autoimmune Diseases

The efficacy of ASCs has been studied in experi-
mentally induced animal models of autoimmune
diseases, including autoimmune encephalomy-
elitis, type II collagen-induced autoimmune
arthritis, inflammatory bowel disease, and auto-
immune thyroiditis.

Multiple sclerosis is a multifocal inflamma-
tory disease of the central nervous system that
leads to a broad spectrum of clinical signs. The
main mechanism of the development of disease
is the release of sequestered self-antigen such as
myelin basic protein in oligodendrocytes caused
by trauma to tissues following an accident or
bacterial or viral infection (Kuby 1994). This
leads to a lethal demyelinating attack, scarring,
progression to physical and cognitive disability
such as paralysis and sensation, and visual and
sphincter problems. Activated T cells in the cere-
brospinal fluid infiltrate the brain tissue and spi-
nal cord, producing an inflammatory response
and destruction of the myelin (Kuby 1994).
Constantin et al. (2009) studied the effect of
syngeneic ASC transplantation on experimental
autoimmune encephalomyelitis. Chronic experi-
mental autoimmune encephalomyelitis was
induced in female C57BL/6 mice at 6-8 weeks
of age by subcutaneous immunization with
200 pg of myelin oligodendrocyte glycoprotein
(MOGs33_35 peptide) in incomplete Freund’s adju-
vant containing 0.8 mg/ml Mycobacterium tuber-
culosis. Pertussis toxin (50 ng) was also injected
at the day of immunization and after 48 h. Intra-
venous administration of murine (syngeneic)
ASCs before disease onset significantly reduced
the severity of autoimmune encephalomyelitis
and decreased spinal cord inflammation and
demyelination. Intravenous administration of
murine (syngeneic) ASCs in chronic experimen-
tal autoimmune encephalomyelitis also signifi-
cantly reduced axonal loss and demyelination
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and induced Th2 cytokine shift. ASC inhibited
MOG-specific T-cell proliferation; suppressed the
production of IFN-y, GM-CSF, IL-17, IL-4, and
IL-5; and induced IL-10 production in vitro. Ex
vivo analysis showed that peripheral lymph node
cells isolated from mice treated with ASCs
displayed suppressed MOG-specific T-cell pro-
liferation and decreased production of both
proinflammatory and anti-inflammatory cytokines
(Constantin et al. 2009). Constantin et al.’s study
showed that the migration of ASCs to the lymph
nodes was significantly higher when the ASCs
were injected shortly after the induction of the
autoimmune response. It was also suggested that
chronic inflammation and expression of VCAM-1
on the brain endothelium in mice with encephalo-
myelitis can recruit ASCs expressing a4 integrin
from the blood.

Rheumatoid arthritis is characterized by
chronic joint inflammation, subsequent cartilage
destruction, and bone erosion. Rheumatoid
arthritis develops following the activation and
expansion of autoreactive Thl and Thl7 cells
that modulate the release of proinflammatory
cytokines and chemokines, promoting the activa-
tion and infiltration of neutrophils and macro-
phages. Gonzalez et al. (2009) studied the
effects of human and murine ASCs in DBA/1
mice with collagen-induced arthritis. In this
study, collagen-induced arthritis was induced in
DBA/I mice at 7-10 weeks of age by subcutane-
ous immunization with 200 pg of chicken type II
collagen emulsified in Freund’s complete adju-
vant containing 200 pg of Mycobacterium tuber-
culosis. This was followed by a subcutaneous
booster injection with 100 pg of chicken type II
collagen emulsified in Freund’s complete adju-
vant. Administration of human ASCs into mice
with collagen-induced arthritis decreased Thl-
mediated autoreactive response, Th17 produc-
tion, and inflammation. The authors also reported
significantly decreased concentrations of TNF-a
and IL-18 in sera as well as of TNF-a, IL-6, IL-12,
IFN-y, IL-18, IL-17, and RANTES in joint protein
extracts. Increased levels of IL-10 were found in
the joint protein extracts, and significantly greater
numbers of CD4 + CD25 + FoxP3+ regulatory
T cells were found in both draining lymph nodes

and synovium. Intraperitoneal administration of
10° human ASCs at the onset of disease completely
prevented the progression of arthritis, but the
administration of human ASCs into mice with
severe collagen-induced arthritis minutely atten-
uated the clinical signs. Both syngeneic (ASC
from DBA/1 mice) and allogeneic (ASC from
C57BL/6 mice) ASCs had beneficial effects on
collagen-induced arthritis (Gonzalez et al. 2009).
Inflammatory bowel disease is a group of
inflammatory conditions and chronic idiopathic
tissue destructive diseases of the colon and distal
small intestine that is caused by dysfunctional
mucosal T cells and cellular inflammation. The
major types of inflammatory bowel disease are
Crohn’s disease and ulcerative colitis. Activated
Th1 cells promote the activation and infiltration of
neutrophils and macrophages in both Crohn’s dis-
ease and experimental colitis. Cytokines and free
radicals produced by infiltrating cells and resident
macrophages play a pivotal role in tissue inflam-
mation and destruction (Fiocchi 1998). Gonzalez-
Rey et al. (2009) studied the effects of human and
murine ASCs in C57BL/6 mice with experimental
colitis. Colitis was induced in 7-week-old C57BL/
6 mice by administering dextran sulfate sodium
(DSS) in drinking water ad libitum. Acute colitis
was induced by administering 5% DSS in drinking
water from day 0O to day 7, and chronic colitis was
induced by administering 3% DSS in drinking
water in a cyclic manner (2 cycles of 7 days with
DSS, followed by 10-day period without DSS
supplementation). In their study, intraperitoneal
administration of ASC significantly attenuated
clinical signs, induced histological improvement,
and prevented weight loss, diarrhea and inflam-
mation. Treatment of ASCs decreased Thl-
derived inflammatory response and the level of
inflammatory cytokines in the colon. ASC treat-
ment also increased IL-10 production in the colon
and mesenteric lymph nodes, and the number of
CD4 + CD25 + FoxP3+ regulatory T cells in the
mesenteric lymph nodes. Both syngeneic (ASCs
from C57BL/6 mice) and allogeneic (ASCs from
BALB/c mice) ASCs had beneficial effects on
experimental colitis (Gonzalez-Rey et al. 2009).
A study on the effect of ASC transplantation in
mice with experimental autoimmune thyroiditis is
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Fig. 2.1 Treatment of female F1 hybrids of New Zealand
Black and New Zealand White (NZB/W FI) mice, a murine
model of human systemic lupus erythematosus (SLE), with
human adipose tissue-derived mesenchymal stem cells
(ASCs). (a) Overview of experimental methods and sero-
logical, urological, and immunological results; (b) Survival

described in the next section “Genetically
engineered ASCs for autoimmune disease.”

The efficacy of long-term serial human ASC
transplantation was studied in NZB/W F1 mice
(Fig. 2.1a), a spontaneous murine model of
human SLE (Choi et al. 2012). Human ASCs
(5 x 10°)  were intravenously administered
every 2 weeks from the age of 6 weeks until
60 weeks [the total number of human ASCs
injected to each surviving mouse of the human
ASC-treated group at the end point was
1.4 x 107 (5 x 10° per injection, 28 times)].
Serial ASC transplantation before disease onset
significantly improved survival rate (Fig. 2.1b),

SLE mice (NZB/W F1)

ASC treated group

Survival rate (%)

Control (salindfreated ) group

24 27 30 33 36 39 42 45 48 S1 84 57 6o weeks
ASC-treated group (n=15): 5 x 10°human ASCs/150 pl of saline

Determination of Wwereintravenously injected every 2 weeks from the age of 6 weeks
pl‘ﬂleimll‘i'l with until 60 weeks (28 times; total number of cells, 1.4 x 107).

CBB method

Control (saline-treated) group (n = 15): 150 pl of saline was injected
_ according to the same schedule.

[ Data were analyzed using Kaplan-Meier curves and by log-rank test

(*: P < 0.05 versus contrel group).

ASC treated group
Incidence of
Anti-dsDNA antibodies | severe proteinuria |
(=300 mg/dl)

d
ASC

treatment

Heart

Spleen

Kidney Liver Lung
Confocal microscopy examination

in NZB/W F1 mice; (¢) Hematoxylin and eosin (H&E),
periodic acid-Schiff (PAS) reagent, Masson’s trichrome
staining, and immunofiuorescence (using FITC-anti IgG
and FITC-anti C3) of the kidneys obtained from the mice
at the age of 40 weeks; (d) Confocal microscopy examina-
tion of CM-Dil-labeled ASCs (Choi et al. 2012)

histopathology of kidneys (Fig. 2.1c), and immu-
nologic abnormalities. ASC treatment also sig-
nificantly decreased the concentrations of anti-
dsDNA antibodies and blood urea nitrogen
(BUN) as well as the incidence of proteinuria.
Treatment of ASCs significantly increased the
levels of GM-CSF, IL-4, and IL-10 in the serum
and the proportion of CD4 + FoxP3+ cells in the
spleen. Systemically infused ASCs labeled with
red fluorescent tracker dye were mostly present
in the spleen, with many also being evident in the
kidney and liver (Fig. 2.1d). There was little
evidence of fluorescent-labeled cells in the lung
and heart (Fig. 2.1d).
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Clinical Trials of Adipose Tissue-
Derived Mesenchymal Stem Cells
to Treat Autoimmune Diseases

Autologous ASC transplantations have been
performed in patients with refractory autoim-
mune diseases (Ra et al. 2011). Patients were
intravenously administered 1-5 x 10° ASCs
around one to six times, with a multiple sclerosis
patient receiving additional intrathecal injections
(1 x 107 ASCs per injection, three times) and
one of rheumatoid arthritis patients receiving
additional intraarticular injections (1-1.5 x 10®
ASCs per injection, two times). Immunological
parameters measured from one patient with poly-
myositis, and three patients with rheumatoid
arthritis showed decrease in inflammatory
responses. Further, clinical signs were improved
in all patients treated with autologous ASCs. A
19-year-old female patient with autoimmune
inner-ear disease, who had severe progressive
hearing loss, showed improved hearing, with
the hearing in her right ear restored to normal.
A 46-year-old woman with multiple sclerosis
displayed improved clinical signs as measured
by the “expanded disability status scale”
(EDSS), which is a method of quantifying dis-
ability in multiple sclerosis. A 35-year-old
woman with polymyositis, who was unable to
walk slope, was able to climb stairs following
this treatment. A 50-year-old woman with rheu-
matoid arthritis showed improved arthritis index,
and two other female patients with rheumatoid
arthritis, who were unable to stand or walk, were
able to do both following ASC treatment; in
these two cases, steroid treatment was also
discontinued.

Genetically Engineered Adipose
Tissue-Derived Mesenchymal Stem
Cells for Autoimmune Diseases

Genetically engineered MSCs can further
improve the therapeutic effects of MSCs by the
overexpression or suppression of the target genes
and by providing additional control over disease

progression or relapse. MSCs are an ideal vehicle
to deliver genes into the target tissues because of
their unique biological and immunological
properties such as homing activity and
immunoprivileged status (Baksh et al. 2004).
MSCs have been modified by various non-viral
or viral transduction methods. When permanent
expression of the therapeutic gene is required,
integrating viruses such as lentivirus or retrovirus
are preferred because of their capacity for long-
term expression. On the other hand, when tran-
sient expression of the therapeutic gene is
preferred, a non-viral gene delivery system or
non-integrating vectors such as adenovirus are
the method of choice (Park et al. 2003).
Lentiviral systems are advantageous in the treat-
ment of autoimmune diseases by using cell-based
gene therapy. First, lentiviral systems can effi-
ciently be applied to a broad range of cell types,
including non-dividing, senescent, and termi-
nally differentiated cells (Naldini 1998). Second,
lentiviral system has a capacity for long-term
expression as described above. Further, transduc-
tion with lentiviral vector did not adversely affect
the morphology, viability, and differentiation
potential of MSCs (McGinley et al. 2011).

As adipose tissues are an alternative source of
MSCs, treatment with genetically engineered
ASCs that can modulate immune responses was
also attempted in experimental animals with auto-
immune disease. Choi et al. (2011) studied the
effect of ASCs overexpressing CTLA4Ig on the
development of experimental autoimmune thy-
roiditis by using a lentiviral system. Antigenic
stimulation of T cells generally requires the pres-
ence of two signals provided by an antigen-
presenting cell (APC) and cytokines (Gimmi
et al. 1993). The first signal is mediated via the
T cell receptor/CD3 complex and an antigenic
peptide presented by a MHC molecule, and the
second signal is mediated via B7:CD28
co-stimulation that induces the proliferation of T
cells. Blockade of the B7:CD28 co-stimulatory
interactions with soluble CTLA4Ig fusion
protein has been shown to inhibit humoral immu-
nity (Linsley et al. 1992), graft rejection
(Lenschow et al. 1992), and graft-versus-host dis-
ease (Blazar et al. 1994), and to ameliorate
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Human adipose tissue derived mesenchymal stem cells (ASCs)

Fig. 2.2 Construction and confirmation of human adipose
tissue-derived mesenchymal stem cells transduced with
mouse CTLA4Ig. (a) Therapeutic gene was composed of
the extracellular domain of mouse CTLA4 (V: NM_009
843, 258-629) to inhibit the B7:CD28 co-stimulatory signal
and the hinge and CH2-CH3 domains of the human immu-
noglobulin gamma 1 constant region (H-CH2-CH3:
J00228, 503, 892-936, 1055-1384, and 1481-1803) to pro-
long the half-life of the therapeutic protein in vivo. The
human oncostatin M signal sequence (SP: NM_020 530,
53-127) for the secretion to body fluid was ligated to the
therapeutic gene. Mouse CTLA4Ig gene transduction into

autoimmune diseases (Finck et al. 1994; Choi
et al. 2008). Transplantation of ASCs or CTLA4Ig
gene-transduced ASCs reduced inflammatory
immune response and improved Th1/Th2 balance
in experimental autoimmune thyroiditis. More-
over, CTLA4Ig-ASC transplantation showed
superior results in reducing the concentration of
serum anti-thyroglobulin autoantibodies com-
pared to treatment with ASCs only. Transduction
with lentiviral vector in ASCs did not significantly
affect the immunophenotype of ASCs, which
showed long-term expression of therapeutic gene
(Fig. 2.2), These findings suggest that target gene
transduction using lentiviral vector system is well
matched with ASCs and can elicit therapeutic
potential without significantly changing the innate
characteristic of ASCs (Choi et al. 2011).
Insertion of inducible regulatory genes within
ASCs by non-toxic and effective new gene

MSC was conducted by ViraPower™ Lentiviral Expres-
sion Systems (Invitrogen). The ViraPower packaging mix
and Mouse CTLA4Ig-pLenti6/V5 TOPO expression plas-
mid were co-transfected into the 293FT cell line by using
Lipofectamine 2000. Virus particles were collected and
transfected to human adipose tissue-derived MSCs. Selec-
tion was performed using blasticidin (5 pg/ml). (b) To
confirm whether CTLA4Ig-transduced ASCs expressed
CTLA4 and secreted CTLA4 effectively into the extracel-
lular space, cell culture supernatants were collected to
determine the concentration of mouse CTLA4 by ELISA
(Choi et al. 2011)

transfer systems may hold potential as a novel
method for immune modulation in autoimmune
diseases. By determining the appropriate gene
targets for the treatment of autoimmune diseases,
stem cell-based gene therapy will be able to
facilitate the synergic effect of gene therapy and
stem cell therapy. Before application in clinical
settings, the genetically engineered cells will
have to be extensively tested at the genetic,
molecular, and cellular levels.
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