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Abstract 

 

Multiple sclerosis (MS) is an inflammatory demyelinating disease that has 1/1000 

prevalence in the Western world. Current therapies for MS are only partially effective 

and are accompanied by undesirable side effects. In this thesis I examined a newly 

emerged placental-derived cell, amniotic epithelial cell (hAEC), as cell therapy for a 

myelin oligodendrocyte glycoprotein (MOG) peptide-induced MS model of 

experimental autoimmune encephalomyelitis (EAE). I tested the effects of hAEC in 

preventing or intervening EAE disease course. In both instances I found milder 

neurological signs, reduced inflammation in the spinal cord accompanied by lowered 

peripheral immune responses against MOG peptide. In searching for mechanisms by 

which hAEC mediate their therapeutic roles, I found that hAEC inhibited 

antigen-nonspecific and antigen-specific splenocyte proliferation in a dose-dependent 

manner. Transforming growth factor-β (TGF-β) and prostaglandin E2 (PGE2) are 

essential for this suppression in vitro. Because MS is thought to be a T cell-mediated 

disease, the ability to modulate T cell response is key to control MS progression. I 

found that splenic T cells from hAEC-treated EAE mice showed elevated IL-5 

production, and in the intervention model there was also elevated production of IL-2 

and IL-5. Peripheral immune cell populations in spleens and lymph nodes were mainly 

unchanged except for elevated regulatory T cells found in the intervention model after 

corticosteroid-induced remission followed by hAEC treatment. There were also 

decreased secretions of MOG-specific antibodies in sera of mice in both the prevention 

and intervention models, reflecting the alleviated peripheral autoimmune responses 

after hAEC treatment. hAEC were found in the lung but not other organs after 

intravenous delivery to EAE mice. My data suggest that hAEC may have potential as 
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cell therapy for MS to prevent and to alleviate relapse of MS. Compared to primary 

hAEC, expanded hAEC in culture showed morphological changes, reduced 

suppressive capacity and lower production of immunomodulatory molecules. 

hAEC-derived hepatocyte-like cells exhibit immunogenicity, which is not evident in 

primary hAEC, but still retain immunomodulatory properties via secreted factors. 

These findings suggest that hAEC may also be applied as cell therapy for 

organ-specific diseases and tissue transplantation.  
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Chapter 1: General Introduction 

1.1 Introduction to Autoimmunity 

 

Autoimmune diseases affect approximately 5% of the population in Australia and New 

Zealand (Australasian Society of Clinical Immunology and Allergy: 

http://www.allergy.org.au/patients/autoimmunity/autoimmune-diseases). They are due 

to immune responses mediated by lymphocytes against distinct autoantigens. These 

lymphocyte responses are normally prevented by multiple mechanisms to maintain an 

immune system that fights foreign materials and ignores self. During lymphocyte 

generation, random recombination generates lymphocyte clones having diverse 

receptor specificity including those that are potentially harmful by recognizing 

autoantigens; but in the mature lymphocyte repertoire, most of these harmful clones are 

removed by clonal deletion before they can reach the mature stage (Goodnow, Sprent 

et al. 2005). Even if they escape clonal deletion and do mature, the subsequent 

checkpoints will make them non-reactive by the lack of costimulatory signals or by 

inhibitory signals from soluble molecules secreted by suppressor lymphocyte 

populations (Nossal 2001; Kronenberg and Rudensky 2005).  
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1.1.1 Central and Peripheral Tolerance 

 

Lymphocytes are developed in primary lymphoid organs (thymus and bone marrow) 

and distributed to peripheral lymphoid organs (spleen, lymph node and gut-associated 

lymphoid tissues). Tolerance mechanisms employed by primary lymphoid organs are 

defined as “central tolerance”. For lymphocytes that escaped this tolerance mechanism, 

they could be further regulated by “peripheral tolerance” in the peripheral/secondary 

lymphoid tissues such as lymph nodes, tonsils, spleen, and Peyer’s patches. Any 

defects in these mechanisms could result in autoimmunity (Goodnow, Sprent et al. 

2005). 

 

In the primary lymphoid organs, precursors of T and B lymphocytes have universal 

genes that undergo genetic recombination within the V(D)J segments to generate 

distinct clones with unique antigen specificity and, contribute to the vast receptor 

diversities so as to recognize all possible antigens. The mechanism of central tolerance 

reside on controlling self-reactive immature lymphocytes, which “experience” strong 

high affinity binding of their receptors to autoantigens expressed in the thymus and 

bone marrow. These cells may be triggered to die (clonal deletion) (Surh and Sprent 

1994) or undergo further epitope editing during development (via V(D)J recombination 

or somatic hypermutation) (Lang, Arnold et al. 1997; Li, Woo et al. 2004; von Essen, 

Kongsbak et al. 2012). Therefore, only cells which are unable to bind to autoantigens 

will survive in this so-called “negative selection” process (Morris and Allen 2012). 

Mature, lower-affinity self-reactive clones leaving the primary lymphoid organs are 

controlled by “peripheral tolerance” mechanisms such as clonal anergy (Goodnow, 

Crosbie et al. 1988), clonal suppression (by regulatory T cells or inhibition by 
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co-inhibitory molecules), apoptosis, and even the transition to a tolerated/regulatory 

lineage (Figs. 1 and 2). Autoimmunity arises when these central and/or peripheral 

tolerance mechanisms break down, leading to the immune system recognising 

autoantigens, followed by activation and proliferation of self-reactive clones, and 

resulting in damage to self tissues and organs (Schuetz, Niehues et al. 2010). 
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Figure. 1. Regulation of self-reactive lymphocytes: the cellular strategies 

employed during T and B cell differentiation.  

 

Damage of autoimmunity from self-reactive T or B cells can be prevented by “censor” 

mechanisms including: a) apoptosis (programmed cell death); b) specificity of 

lymphocyte receptor editing through genetic recombination (T cells) or point mutation 

(B cells); c) changes in intrinsic signal pathways in self-reactive lymphocytes that 

inhibit receptor activity or downregulation of lymphocyte receptors; d) self-reactive 

lymphocytes receiving less external signals (limited survival factors, costimuli, or 

inflammatory mediators) or extra suppression signals (from soluble factors or regulator 

cells). Adapted from (Goodnow, Sprent et al. 2005). 
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Figure. 2. Selection leads to different fates of thymocytes. 

 

Thymocytes develop in the central lymphoid organ to T cells. Some with high affinity 

T cell receptor (TCR) specific to self peptide are deleted (red cells). Some with the 

TCR that do not respond to self peptide undergo apoptosis (blue cells). Those with 

TCR that interact with self peptide weakly are positively selected into conventional 

CD4
+
 and CD8

+
 lineages. Others with TCR which moderately interact with self peptide 

induce regulatory T cell (Treg) lineage (orange cells) and prevent activation of 

autoreactive T cells in the periphery. Adapted from Kronenberg (Kronenberg and 

Rudensky 2005). 
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1.2 Autoimmune Diseases 

 

For each of the autoimmune diseases, there are usually genetic, environmental, and 

pathological factors that contribute to the etiology of the disease and disease 

progression. Once autoimmunity begins, it could become a self-perpetuating chronic 

inflammatory disease driven by immune responses to the distinct autoantigens 

widespread in tissues/organs (Tabas and Glass 2013). Autoimmune diseases can be 

generally classified as organ-specific or systemic. Organ-specific autoimmune diseases 

include diseases that only affect specific organs or localized tissues of the body, such as 

type 1 diabetes mellitus and multiple sclerosis, with the former primarily affecting 

pancreatic islets and the latter affecting the myelin sheath of the central nervous system. 

Systemic autoimmune diseases affect multiple organs with systemic lupus 

erythematosus, in which antibodies against ubiquitous antigens attack multiple organs 

in the body, being a prime example. 

 

 

1.3 Multiple Sclerosis 

 

Multiple sclerosis (MS) is considered a T cell-mediated neurological demyelinating 

disease affecting more than 2.1 million people worldwide (National MS Society (USA): 

http://www.nationalmssociety.org). Treatments for MS are available but not highly 

effective. It affects the central nervous system (CNS) to cause visual disturbances, 

motor and sensory impairments, balance issues, and cognitive deficits (Repovic and 

Lublin 2011). With its initial cases having the pathological features of demyelination, 
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glial scars, and sparing of axons in lesions described and reviewed by Jean Martin 

Charcot in 1868, MS was later identified as a distinct disease (Putnam 1943). The 

manifestation of MS is variable among individuals, but it often consists a long silent 

phase in clinical symptoms. There are around 85% of patients who have their disease 

phase starting from reversible intermittent episodes of neurological disability, usually 

described as “attacks” or “relapses”. This reversible phase, called relapsing-remitting 

MS (RRMS), lasts between 5 to 30 years. It usually turns into an irreversible 

exacerbation with fewer attacks to cause physical and cognitive deterioration, called 

secondary-progressive MS (SPMS) (Ransohoff 2012). On the other hand, there are 

15% of MS patients who have the primary-progressive MS (PPMS) from the onset of 

disease, with rare or no relapses throughout their disease course (Sospedra and Martin 

2005). The clinical presentations of MS include oligoclonal immunoglobulin G (IgG) 

in cerebrospinal fluid, dissemination of lesions in brain and spinal cord, and the attacks, 

according to McDonalds’ criteria (McDonald, Compston et al. 2001; 2004). Although 

these different MS phenotypes exist, there is some evidence showing similarities in 

pathology of MS patients from distinct phenotypes (Ransohoff 2012). 

 

Studies have shown that genetic predisposition, environmental risk factors and 

infections contribute to the as yet unclear disease etiology (Hillert and Olerup 1993; 

Soldan and Jacobson 2001; Kalman, Albert et al. 2002; Ascherio, Munger et al. 2010). 

Geography, vitamin D and UV are factors known to affect MS susceptibility as the 

incidence of MS increases in countries further from the equator. Gender issues are also 

involved as females are more prone to MS than males, and sex hormones and /or 

sex-linked genes are linked to susceptibilities to MS (Voskuhl 2002; Alonso and 

Hernan 2008; Chiarini, Serana et al. 2012). The pathology of MS, including 

demyelination, is similar to some infectious neurological diseases caused by viruses 
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therefore the infection may also contribute to pathogenic responses (Fazakerley and 

Walker 2003). Autoreactive type 1 helper T cell (Th1) targeting myelin sheath in the 

CNS serve as a main role to mediate the destructive autoimmune responses 

(McFarland and Martin 2007; Fugger, Friese et al. 2009). 

 

 

1.3.1 Pathogenesis of Multiple Sclerosis 

 

Even though the detailed mechanism of MS pathogenesis is not entirely known today, 

it is hypothesized that MS is an autoimmune disease starting from abnormal immune 

responses to environmental pathogens in genetically predisposed individual, and the 

defects in immunoregulatory mechanisms further proceed disease process (Bar-Or, 

Oliveira et al. 1999; Ermann and Fathman 2001; Jacobson and Cross 2001; Kenealy, 

Pericak-Vance et al. 2003). The disease progress of MS is outlined in Fig. 3. The 

immune responses toward CNS components initiate MS pathogenesis and cause 

damage to local cells and tissues. The pathological hallmarks of MS that occur in CNS 

including blood-brain barrier (BBB) leakage, perivascular inflammation, 

oligodendrocyte damage or cell death, demyelination, glial scar formation and axonal 

loss (Frohman, Racke et al. 2006). These features are described in the following 

paragraphs. 

 

Cerebral endothelial cells build the tight junction to prevent entry of harmful 

substances from bloodstream to cerebrospinal fluids. This barrier is called blood-brain 

barrier (BBB). In MS the release of inflammatory cytokines and chemokines was 

found parallel with the compromised state of BBB, enabling leukocytes to pass across 
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the barrier and hence initiate CNS inflammation resulting from BBB leakage (Minagar 

and Alexander 2003). The outcomes of CNS inflammation can sometimes be beneficial 

to promote neuro-regeneration and neuro-protection, but in most cases it is detrimental 

to incur tissue injury (Yong 2009). 

 

Following BBB leakage, recruitment of lymphocytes and monocytes/macrophages 

passing the BBB initiates and exacerbates CNS inflammation and therefore these cells 

can be seen in large numbers as inflammatory infiltrates, usually appearing in 

periventricular white matter of the brain. Plaques in focal areas in the white matter can 

be seen by magnetic resonance imaging (MRI) due to inflammatory-mediated 

demyelination (Horowitz, Kaplan et al. 1989). The existence of lesions is the cause of 

reversible disability in patients. 

 

Oligodendrocytes are responsible for myelin formation. In MS, it is proposed that 

apoptosis cascades are triggered in oligodendrocytes, leading to oligodendrocyte 

depletion and therefore the damaged myelin cannot be repaired. Besides the damage to 

oligodendrocytes, neuroantigen-specific antibodies and complement may also cause 

demyelination and therefore exposing  axons that had been protected by myelin 

(Lucchinetti, Bruck et al. 2000). The repair process of myelin, called remyelination, 

occurs after demyelination or sometimes together with demyelination (Franklin and 

Ffrench-Constant 2008). 

 



 

 

Figure. 3. Current view of MS disease progression.

occurs in genetic predisposed individuals exposed to environmental risk factors

break of blood-brain barrier integrity, immune cells enter the CNS and cause damage 

to local cells and tissues. Adapted from Murray
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Figure. 3. Current view of MS disease progression. The immune-mediated disease 

in genetic predisposed individuals exposed to environmental risk factors

brain barrier integrity, immune cells enter the CNS and cause damage 

Adapted from Murray (Murray 2009). 

 

mediated disease 

in genetic predisposed individuals exposed to environmental risk factors. With 

brain barrier integrity, immune cells enter the CNS and cause damage 
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Axonal loss is usually considered the direct consequences of demyelination. The extent 

of axonal damage correlates with inflammatory infiltrate within early MS lesions. 

Axonal loss accumulates silently in patients with remitting-relapsing phase of MS, 

until it reaches a threshold of axonal loss that develops into irreversible neurological 

damage in the CNS. At this stage, patients who have increased disability enter the 

progressive phase of MS (Dutta and Trapp 2007). The key concept of myelin loss that 

causes axon damage is illustrated in Fig. 4. 

 

In histopathology which obtained from post-mortem examination, PPMS patients have 

shown more extensive spinal cord lesions, while SPMS patients have bigger brain 

lesions. PPMS patients also have more inflammatory demyelination lesions, while 

SPMS patients have more extensive remyelination (Kipp, van der Valk et al. 2012). 

 

The inflammatory reaction in MS lesions is associated with the upregulation of a 

variety of Th1 and Th17 cytokines such as IL-2, IL-12, IFN-γ, and TNF-α. They are 

also found in the cerebrospinal fluid of MS patients. Hence it is suggested that MS is 

Th1 and Th17 mediated autoimmune disease (Pittock and Lucchinetti 2007). 

 

 



 

 

Figure. 4. Myelin loss causes axon damage in MS.

A) Normal axons (blue) are protected by surrounding myelin sheath (yellow) and are 

able to transmit nerve impulses. B) The start of MS triggers immune responses toward 

CNS myelin and therefore the loss of myelin, called demyelination (orange), occurring 

as relapses in patients with relapsing

transected, mostly occurring in later stage of chronic MS when the disease has entered 

a progressive course in which patients have irreversible neurological disabilities.

12 

. Myelin loss causes axon damage in MS. 

A) Normal axons (blue) are protected by surrounding myelin sheath (yellow) and are 

able to transmit nerve impulses. B) The start of MS triggers immune responses toward 

CNS myelin and therefore the loss of myelin, called demyelination (orange), occurring 

relapses in patients with relapsing-remitting MS. C) The demyelinated axons are 

transected, mostly occurring in later stage of chronic MS when the disease has entered 

a progressive course in which patients have irreversible neurological disabilities.

   

A) Normal axons (blue) are protected by surrounding myelin sheath (yellow) and are 

able to transmit nerve impulses. B) The start of MS triggers immune responses toward 

CNS myelin and therefore the loss of myelin, called demyelination (orange), occurring 

remitting MS. C) The demyelinated axons are 

transected, mostly occurring in later stage of chronic MS when the disease has entered 

a progressive course in which patients have irreversible neurological disabilities.
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1.3.1.1 B cell-mediated Responses 

 

It has been suggested that B cells and antibodies have pathogenic roles in MS. 

Increased intrathecal IgG in patients with MS has been observed in most patients. 

Measurement of these elevated antibodies along with oligoclonal IgG bands in the 

cerebrospinal fluid is the important immune parameter in the diagnosis of MS. This 

substantially increased IgG in cerebrospinal fluid may be important in pathogenesis, as 

autoantibody levels have been linked to MS disease severities both in patients and in 

animal model  (Iglesias, Bauer et al. 2001; Weber, Hemmer et al. 2011). Also, 

neuroantigen-specific autoantibodies found in MS lesions are shown to be essential for 

demyelination (Lucchinetti, Bruck et al. 1996). B cells undergoing clonal expansion 

have also been found in MS lesions and in cerebrospinal fluid (Baranzini, Jeong et al. 

1999; Colombo, Dono et al. 2000). Use of anti-CD20 monoclonal antibodies in MS 

patients for B cell depletion provided the direct evidence to support the above 

mentioned studies. However, other antibodies targeting B-cell-activating factor and its 

receptor have shown the opposite results from MS patients, making the role of B cells 

in MS pathogenesis uncertain (Hauser, Waubant et al. 2008; Hartung and Kieseier 

2010). 

 

 

1.3.1.2 T cell-mediated Responses 

 

Autoreactive CD4
+
 T helper 1 cells are considered the main players in MS 

pathogenesis (Stinissen, Raus et al. 1997; McFarland and Martin 2007). T cell 

involvement is evidenced by cell composition in the cerebrospinal fluid (Zhang, 
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Markovic-Plese et al. 1994). The numbers of myelin-reactive T cells are similar 

between patients with MS and healthy persons, but those myelin-reactive T cells in 

patients with MS appear more of the memory or activated phenotype (Lovett-Racke, 

Trotter et al. 1998; Scholz, Patton et al. 1998). Similarly, in the animal model of MS, 

activation of myelin-specific CD4
+
 Th1 cells that produce interferon-γ have been 

shown to mediate the disease (Ando, Clayton et al. 1989). Th1 and Th17 cells exhibit 

pro-inflammatory phenotype while Th2 cells exhibit anti-inflammatory phenotype, and 

studies have provided the evidence that Th1 and Th17 cell responses together mediate 

the pathogenesis of MS (Bettelli, Sullivan et al. 2004; Damsker, Hansen et al. 2010). 

But the imbalance of Th1/Th2 cytokines cannot fully explain the overall pathogenesis 

in the murine MS model, as mice deficient in some molecules related to Th1 

differentiation are susceptible to developing the disease in the animal model of MS 

(Ferber, Brocke et al. 1996; Becher, Durell et al. 2002; Gran, Zhang et al. 2002). 

Moreover, activated Th2 cells were shown to have pathogenic role in some settings 

(Lafaille, Keere et al. 1997), making the absolute role of each T cell subset more 

difficult to define.  

 

Regulatory T cells play a key role in suppressing effector T cells. In MS patients, both 

the reduced numbers of peripheral regulatory T cells and the loss of transcription factor 

Forkhead box P3 (FoxP3) expression in regulatory T cells have been observed in 

different reports when compared to healthy individuals (Viglietta, Baecher-Allan et al. 

2004; McKay, Swain et al. 2008; Venken, Hellings et al. 2008). In addition, the effector 

T cells from some patients have shown resistance to the inhibition from regulatory T 

cells (Schneider, Long et al. 2013). Altered Treg function may worsen disease in MS 

patients because of breakdown of tolerance to myelin protein components (Viglietta, 

Baecher-Allan et al. 2004). It has also been shown that MS therapy has changed the 
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distribution of natural Treg in patients (Chiarini, Serana et al. 2012). Therefore, the 

maintenance of Treg to control local inflammation should be one of the important 

issues in MS pathogenesis. 

 

 

1.3.1.3 The Role of Myelin in the Central Nervous System  

 

The components of myelin include myelin basic protein (MBP), proteolipid protein 

(PLP), myelin oligodendrocyte glycoprotein (MOG), and myelin-associated 

glycoprotein (MAG), shown in Fig. 5. Because myelin insulates the nerve and protects 

it from injury, any immune response targeting the components of myelin may cause 

destruction of myelin (demyelination), damage of neurons, and severe neurological 

inflammation in the CNS. The structure of axons surrounded by myelin sheath which 

extends from the oligodendrocytes, is shown in Fig. 6. 
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Figure. 5. Components of myelin sheath. 

 

The different protein components of myelin sheath can serve as autoantigens and be 

attacked by the immune system during the pathogenesis of MS (MAG: 

myelin-associated glycoprotein; MOG: myelin oligodendrocyte glycoprotein; PLP: 

proteolipid protein; MBP: myelin basic protein). Adapted from Hemmer et al  

(Hemmer, Archelos et al. 2002). 

 



 

 

 

Figure. 6. Axon is insulated by myelin sheath produced by oligodendrocyte.

 

Neuron cell body has an elongated axon wrapped with myelin lamellae produced by 

the oligodendrocyte. Myelin proteins are generated 

from the nucleus to the distant myelin lamellae. Adapted from Sherman 

and Brophy 2005). 
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. Axon is insulated by myelin sheath produced by oligodendrocyte.

Neuron cell body has an elongated axon wrapped with myelin lamellae produced by 

the oligodendrocyte. Myelin proteins are generated via microtubule-based transport 

from the nucleus to the distant myelin lamellae. Adapted from Sherman 

. Axon is insulated by myelin sheath produced by oligodendrocyte. 

Neuron cell body has an elongated axon wrapped with myelin lamellae produced by 

based transport 

from the nucleus to the distant myelin lamellae. Adapted from Sherman et al (Sherman 
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1.3.2 Animal Model of Multiple Sclerosis: Experimental 

Autoimmune Encephalomyelitis 

 

Considering the difficulties of studying MS in humans, animal models of MS, are 

widely used for research. Different types of MS models have been generated to mimic 

part of the disease, but some of these models are only suitable for studying part of the 

disease. For example, cuprizone model is ideal for studying de- and re-myelination, but 

lacking T cell infiltrates in CNS (Kipp, Clarner et al. 2009). TMEV model, which is 

induced by inoculation of Theiler’s murine encephalomyelitis virus, helps investigating 

the relationship between virus infection and CNS autoimmunity (Tsunoda and 

Fujinami 2010). The most commonly used MS model is experimental autoimmune 

encephalomyelitis (EAE) which represents many parts of the disease, both pathologic 

and immunological (Batoulis, Recks et al. 2011). The first EAE model was generated 

in the 1930s by immunization of CNS homogenate in non-human primates (Rivers and 

Schwentker 1935). Today, EAE can be induced in different wild-type species with 

injection of myelin components in emulsion with suitable adjuvants, or via passive 

transfer of encephalitogenic T cells (Stromnes and Goverman 2006; Miller and Karpus 

2007).  

EAE induction methods using myelin components are called “active method”, while 

those using the transfer of antigen-specific T lymphocyte to induce EAE are called 

“passive method”. In active methods of EAE induction, adding adjuvants while 

introducing neuroantigens may alter the responsiveness of the immune system and the 

blood barrier in CNS. On the other hand, passive methods, without the effect of 

introducing extra substances, involve transfer of neuroantigen-specific T lymphocytes 
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cultured in vitro (Voskuhl 1996). The above mentioned conditions could be 

disadvantages when studying T lymphocyte behaviors in the specific model.  

 

Besides induced EAE, spontaneous EAE models can be generated in 

neuroantigen-specific T cell receptor transgenic mice (Krishnamoorthy, Holz et al. 

2007). The details of disease course, type of introduced autoantigens, animal strains, 

similarities to human MS, and shortcomings of some commonly used murine EAE 

models are discussed in Table 1. Selected models are actively induced by 

neuroantigens, while other transgenic mouse models exhibit spontaneous disease 

course. 

 

One of the most common EAE model is generated by immunization of myelin 

oligodendrocyte glycoprotein (MOG) peptide along with an emulsified solution that 

contains complete Freund’s adjuvant (CFA) and heat-killed Mycobacterium 

tuberculosis, which boosts the proinflammatory response. Injections of pertussis toxin 

in C57Bl/6 female mice are required to promote EAE possibly via assisting T cells to 

enter CNS across blood-brain barrier and augmenting MOG-specific responses 

(Hofstetter, Shive et al. 2002; Chen, Winkler-Pickett et al. 2006). It induces a chronic, 

relapsing and progressive disease with CNS demyelination which is triggered by a 

mixed Th1- and Th17- immunity (Tigno-Aranjuez, Jaini et al. 2009; Kuerten and 

Lehmann 2011). Beside the consensus T cell involvement, this model also suggests an 

important role of autoantibodies in disease development (Taneja and David 2001).  

 

MOG-induced EAE is considered a straight-forward model of MS. The severity of 

EAE is correlated with frequencies of MOG-specific T cells before disease onset, and 

MOG-specific T cell populations are maintained during the disease course. For the 
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other commonly used relapsing-remitting EAE model induced by proteolipid protein 

(PLP), PLP-induced SJL mice, the correlation is not as clear as MOG-induced EAE 

mice and the frequencies of PLP-specific T cells fluctuate during the relapses. So there 

may be more difficulties to relate EAE severity by constantly monitoring T cell 

response in other models (Kuerten and Lehmann 2011). 

 

EAE is like human MS in that the pathogenesis involves T helper cells-induced 

immune responses (Stinissen, Raus et al. 1997; Hafler, Slavik et al. 2005; Domingues, 

Mues et al. 2010). Therefore, passive method as adoptive transfer of CNS 

antigen-activated T cells has been tested and shown to be sufficient to induce EAE in 

mice (Zamvil and Steinman 1990; Engelhardt 2006). Activation of CNS-reactive T 

cells initiates local microglia expansion and recruitment of blood-borne monocytic 

cells (Hickey, Hsu et al. 1991; Swanborg 1995). These cells secrete pro-inflammatory 

cytokines and participate in demyelination (Benveniste 1997). Monocytic infiltration 

into the CNS is correlated with progression of clinical disease and blocking their 

infiltration prevents EAE progression (Ajami, Bennett et al. 2011). Therefore, 

monitoring the existence and quantity of these infiltrated cells is important in animal 

models of multiple sclerosis. 

 

Animals with EAE display clinical and pathological characteristics that are similar to 

MS in humans, such as paralytic symptoms, demyelination, perivascular mononuclear 

cell infiltrate in the CNS, and neuroantigen-specific T cell responses (Irani 2005; 

Steinman and Zamvil 2006). Several approved treatments for MS have been developed 

in the EAE model prior to clinical trials, showing that EAE is valuable to development 

of possible therapies (Ridge, Sloboda et al. 1985; Yednock, Cannon et al. 1992; 

Steinman and Zamvil 2006). However, it is important to aware of some differences 
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between commonly used EAE and MS. For example, there is no gender bias in 

MOG-induced EAE in C57BL/6 mice (Okuda, Okuda et al. 2002).  
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Table. 1. Comparison of selected murine EAE models. 

 

(Abbreviations: CNS, central nervous system; MBP, myelin basic protein; MOG, 

myelin oligodendrocyte glycoprotein; PLP, proteolipid protein; MP4, MBP-PLP fusion 

protein; CFA, complete Freund’s adjuvant; PT, pertussis toxin; TMEV, Theiler’s 

murine encephalomyelitis virus; HEL: hen egg lysozyme; Treg, regulatory T cells; DC, 

dendritic cells; TCR, T cell receptor; AB/H, antibody-high strain.) 
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1.4 Current Therapies for Multiple Sclerosis 

 

MS can be treated with immunosuppressive agents, immunomodulatory drugs and 

humanized monoclonal antibodies. These therapies are only partially effective and 

often accompanied by undesirable side effects (Saidha, Eckstein et al. 2012). I will 

discuss some representative therapies that are used to treat MS patients, as well as 

briefly introduce the newly-developed drugs. 

 

1.4.1 First-line therapies 

 

The following therapies are common first-line disease-modifying therapies, including 

corticosteroids, IFN-β and glatiramer acetate: 

 

Corticosteroids 

 

Corticosteroids are among the few strategies targeted to treat attacks, rather than 

slowing down the disease progression. Short-term treatment with corticosteroids, such 

as intravenous methylprednisolone, prednisolone, or oral prednisone, is widely used for 

treating of MS exacerbations (Frohman, Shah et al. 2007). Corticosteroids reduce 

inflammation to control recurrent relapses and were shown to prevent 

cytokine-induced cell death on oligodendrocyte (Melcangi, Cavarretta et al. 2000),  

reduces expression of adhesion molecules and proinflammatory cytokines, and also the 

number of circulating lymphocytes (Burton, O'Connor et al. 2009). Short-term use of 

corticosteroids has been reported to be associated with none or few minor adverse 

effects in clinical trials of MS (Barnes, Bateman et al. 1985; Durelli, Cocito et al. 1986; 
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Milligan, Newcombe et al. 1987; Barnes, Hughes et al. 1997; Martinelli, Rocca et al. 

2009). Most of the adverse events are not lethal, such as gastrointestinal symptoms, but 

the rarely occurred infections due to immunosupression could be life-threatening 

(Berkovich 2013). 

 

Interferon-β (IFN-β) 

 

This immunomodulator IFNβ-1b has been applied as one of the major MS treatments 

since its approval by the Food and Drug Administration (FDA) in 1993. The close 

family member IFNβ-1a also has been widely used for MS patients since its approval 

in 1996. They reduce the frequency of relapses and was the first approved medication 

to do so (Bakshi 2013). Their mechanisms of action rely on interaction with matrix 

metalloproteinases and adhesion molecules to reduce blood-brain barrier permeability 

and inhibit trafficking of T cells into CNS. These result in downregulation of 

proinflammatory cytokines, upregulation of anti-inflammatory cytokines, induction of 

apoptosis and increase of the regulatory T cell population (Sega, Wraber et al. 2004; 

Graber, McGraw et al. 2010; Kieseier 2011). However, about 30-50% of MS patients 

did not respond well to IFN-β treatment (Axtell, de Jong et al. 2010). Additionally, 

IFN-β could also be given together with other disease-modifying drugs for better 

therapeutic result (Tullman and Lublin 2005). 

 

Glatiramer Acetate 

 

Glatiramer acetate is a synthetic random copolymer of amino acids mimicking myelin 

basic protein components. Synthesis of the first form of this drug, designated 

copolymer 1, originally aimed to understand how myelin basic protein induce MS in 
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animal model but surprisingly suppressed MS in mice and proceeded to clinical trial 

(Arnon 1996; McGraw and Lublin 2013). Glatiramer acetate is a standardized 

combination of four kinds of amino acids in a fixed ratio (Carter and Keating 2010). Its 

mechanisms of action involves binding to major histocompatability complex (MHC) 

class II on antigen presenting cells to induce anti-inflammatory Th2 response, and 

stimulate neurotrophin secretion in the CNS to promote neuronal repair (Blanchette 

and Neuhaus 2008). Glatiramer acetate is often used for early treatment to reduce 

annual relapses and number of lesions, mainly by blocking the effector function of 

myelin-specific T cells through bystander suppression mediated by Th2 cells (Yong 

2002; Tintore 2009). 

Glatiramer acetate is usually well-tolerated but exhibit only modest effect. There has 

been longstanding interest in exploring combination therapies of glatiramer acetate and 

other disease-modifying drugs (Tullman and Lublin 2005). For example, glatiramer 

acetate and IFN-β combined treatment were shown to have additive effect, which was 

superior to each single therapy (Milo and Panitch 1995; McGraw and Lublin 2013). 

 

Alemtuzumab 

 

Alemtuzumab is a humanised monoclonal antibody targeting CD52 and results in 

lymphocyte depletion. Patients with relapsing-remitting MS treated with alemtuzumab 

in clinical trials experience repopulation of T and B cells that skews the immune 

system, together with increase in regulatory T cell numbers and anti-inflammatory 

cytokine production (Jones, Phuah et al. 2009; Klotz, Meuth et al. 2012). Alemtuzumab 

has shown superior therapeutic effect compared to IFN-β therapy even though there is 

notable high risk of thyroid-associated autoimmunity (Jones, Phuah et al. 2009; Cohen, 

Coles et al. 2012; Coles, Fox et al. 2012; Coles, Twyman et al. 2012). 
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1.4.2 Second-line therapies 

 

The following are some approved second-line therapies: mitoxantrone, natalizumab, 

and fingolimod. They are generally more effective and convenient to deliver when 

compared to first line therapies IFN-β or glatiramer acetate, but unfortunately have 

additional safety problems. Therefore their application is recommended to highly 

active MS patients only, especially to patients who fail to respond to IFN-β therapy or 

has entered to secondary progressive phase of MS (European Medicines Agency: 

www.ema.europa.eu). Alternatively, some combination therapies using a second-line 

medication together with a first-line medication appear to be more effective than single 

medication in patients with relapsing-remitting MS (Tullman and Lublin 2005; Rudick, 

Stuart et al. 2006). 

 

Mitoxantrone 

 

Approved for MS in 2000, mitoxantrone is a cytotoxic immunosuppressant that is used 

for treating progressive forms of MS. It is an anthrecenedione that interfere DNA 

replication (Durr, Wallace et al. 1983). Mitoxantrone reduces clinical attack rates, MRI 

activity, and progression of disability of patients. These properties make mitoxantrone 

superior to other cytotoxic immunosuppressants (Hartung, Gonsette et al. 2002). 

Mitoxantrone is also able to shift the cytokine balance toward Th2 profile and that is 

one of the possible mechanisms for mitoxantrone to alleviate MS disease symptoms 

(Vogelgesang, Rosenberg et al. 2010). However, it may cause late congestive heart 

failure or myelodysplastic syndrome and leukemia, and currently it is only applied to 

severe MS patients (Ghalie, Edan et al. 2002; Marriott, Miyasaki et al. 2010). 
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Natalizumab 

 

Natalizumab is a humanized monoclonal antibody that targets the α4β1 integrin, 

expressed by mononuclear white cells for attaching to the vessel wall for entry into the 

inflamed CNS (Ramos-Cejudo, Oreja-Guevara et al. 2011; Chataway and Miller 2013). 

Therefore, natalizumab decreases CNS inflammation mediated by 

neuroantigen-specific T cell and consequently reduces relapse rate and slow the 

progression of disability. However, because it prevents the egress of all leukocytes 

outside the bloodstream, patients would have higher risk of infection. The known 

association of natalizumab and progressive multifocal leucoencephalopathy (PML), the 

opportunistic brain infection caused by the JC virus, was the reason that natalizumab 

was temporarily withdrawn from the market (Tan and Koralnik 2010; Bloomgren, 

Richman et al. 2012).  

 

Fingolimod  

 

Fingolimod, the first oral drug for MS, is a sphingosine-1-phosphate receptor 

modulator that can prevent lymphocyte egress from lymph nodes, thereby reducing the 

infiltrating lymphocytes in CNS and showed its clinical efficacies (Scott 2011). 

However, fingolimod is complicated with adverse events such as cardiac arrhythmias, 

infections, skin cancer, and sudden death (Cohen, Barkhof et al. 2010; Lindsey, 

Haden-Pinneri et al. 2012). 

 

MS treatments cannot cure the disease but generally help treating MS attacks, 

managing symptoms, and reducing progress of the disease. There is no best therapy as 

shown clearly in the above paragraphs, and prescriptions usually struggle with possible 
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side effects or have to compromise with lower efficacy. In the following table (Table 2), 

selective MS therapies are compared with their adverse events and efficacies. Some 

pipeline therapies which currently are under development are discussed together with 

their status in clinical trials.   
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Current therapies for MS 

Drug Target patient Efficacy Adverse events FDA approval 

IFN-β RRMS Lower Anaphylaxis (IFNβ-1a), lymphopaenia risk 

(IFNβ-1b), immunogenicity reported  

1993 (IFNβ-1b), 

1996 (IFNβ-1a) 

Glatiramer 

acetate 

RRMS Lower Usually well-tolerated 1996 

Mitoxantrone SPMS, RRMS, 

worsening RRMS 

Higher Cogestive heart failure, myelodysplastic 

syndrome, leukemia 

2000 

Natalizumab Monotherapy for RRMS Higher Progressive multifocal leucoencephalopathy, 

immunogenicity reported 

2004 (Initial) 

Fingolimod Relapsing forms of MS Higher Cardiac arrhythmias, asystole, infections, 

skin cancer, sudden death 

2010 

Teriflunomide Relapsing forms of MS Higher Potential for liver damage, infections 2012 

MS pipeline products 

Drug Target 

patient 

Efficacy Adverse events Trial 

phase 

Alemtuzumab RRMS 71% reduction in disability 

and 74% reduction in ARR 

Immune thrombocytopenic purpura, 

autoimmune hyperthyroidism, Goodpasture 

syndrome, B cell chronic lymphocytic 

leukemia 

3 

Laquinimod RRMS 40% reduction in lesions Dose-dependent increase in liver enzymes, 

Budd-Chiari syndrome 

3 

Dimethyl 

fumarate 

RRMS ~50% reduction in ARR Headache, flushing, nausea, diarrhea 3 

Daclizumab RRMS 72% reduction in lesions Injection-site reactions, rash, infections 3 

Ocrelizumab RRMS ~90% reduction in lesions Infection, systemic inflammatory response, 

infusion-site reactions 

2 

 

Table. 2. Current available disease-modifying therapies and pipeline therapies for 

MS.  

Abbreiviations: FDA, US Food and Drug Administration; IFN, interferon; RRMS, 

relapsing-remitting MS; ARR, annual relapse rate. Adapted partly from Saidha (Saidha, 

Eckstein et al. 2012). 
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1.4.3 Stem Cell Therapy 

 

Hematopoietic stem cells (HSC) from bone marrow or peripheral blood, and 

mesenchymal stem cell (MSC) are the major stem cell types that have entered clinical 

trials for MS, based on successful results in animal models (Burt, Burns et al. 1995; 

Connick, Kolappan et al. 2011). HSC therapy has been used for the last one and half 

decades to more than 600 patients, usually with severe forms of MS refractory to 

conventional therapies (Mancardi, Sormani et al. 2012; Atkins and Freedman 2013).  

 

 

1.4.3.1 Hematopoietic stem cells 

 

HSC therapy can reduce or eliminate ongoing clinical relapses, halt further progression, 

and reduce the burden of disability in patients having aggressive highly active multiple 

sclerosis, to whom other treatments with disease-modifying agents fail to work (Atkins 

and Freedman 2013).  

 

To prevent rejection by immune cells in HSC transplant, prior conditioning to patients 

ready to receive the transplants is necessary. Therefore, there are additional issues to be 

considered in HSC therapy, such as safety and toxicity of 

immuosuppressants/conditioning regimens, possible infections from these regimens, 

and chronic graft-versus-host disease due to the transplant. HSC graft usually contains 

3-5% HSC only and with large numbers of immune cells in the graft. Immune cell load 
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in the graft is the reason to cause rejection of the graft, therefore some conditioning 

regimens with lymphocyte depletion is preferable in transplantation protocols (Gress, 

Emerson et al. 2010; Atkins and Freedman 2013). These are the main shortcomings of 

using HSC transplant in treating human diseases. 

 

 

1.4.3.2 Mesenchymal stem cells 

 

The other cell type that have entered clinical trials, mesenchymal stem cells, are 

multipotent non-hematopoietic precursor cells, that are an alternative cell type for 

cell-based therapies (Payne, Siatskas et al. 2011). MSC have been shown to inhibit 

myelin-specific T cell activation and antibody production, decrease inflammation, CNS 

pathology, and promote repair (Zappia, Casazza et al. 2005; Gerdoni, Gallo et al. 2007; 

Constantin, Marconi et al. 2009; Bai, Lennon et al. 2012). MSC were found to provide 

clinical benefits without their necessary presence in the affected organs, with most of 

the cells lodged within the lungs (Prockop and Youn Oh 2011; Roddy, Oh et al. 2011). 

Although MSC is generally considered as poorly immunogenic (Tse, Pendleton et al. 

2003), there is evidence of cellular mass formation in CNS of mice (Grigoriadis, 

Lourbopoulos et al. 2011).  

 

None of the currently approved stem cell/precursor cell therapies are perfect. The 

procurement of these cells from bone marrow is invasive, cells may require further cell 

expansion and conditioning before transplantation, which is relatively time-consuming 

and costly. The ideal stem cell should be readily available in abundant numbers, highly 

purified, and with consistent differentiation potential to specific lineages; while 



33 

 

tumorigenicity, immunogenicity and ethical issues from the cells are minimized. From 

this perspective a newly emerging stem cell-like cell, human amniotic epithelial cell 

(hAEC), will be discussed in the following paragraphs for their potential for cell 

therapy for MS. 

 

 

1.5 Human Amniotic Epithelial Cells 

 

Human amniotic epithelial cells (hAEC) are obtained from the amnion of the placenta. 

The human placenta comprises the decidua, villous placenta, umbilical cord and the 

amnion and chorion. The amnion is derived from the embryo (Fig. 7). hAEC arise from 

the epiblast of the embryo at about 8 days after fertilization and before gastrulation of 

the embryo. The epiblast cells migrate outwards and form a monolayer lining the 

amnion membrane which encloses the amniotic cavity and the embryo (Akle, Adinolfi 

et al. 1981). The hAEC have stem cell-like features, are readily accessible in large 

quantities from otherwise discarded gestational tissue after childbirth. Isolation of 

hAEC post-parturition for clinical applications avoids extended ex vivo expansion or 

ethical concerns arising from bone marrow and embryo-derived stem cells, therefore 

the cost and time involved for cell expansion can be minimized (Miki 2011). 

 

Besides the advantages described above, hAEC express low levels of Class IA human 

leukocyte antigens (HLA) and lack of Class II antigens, which may potentially reduce 

the risk of immune-rejection after hAEC transplantation. This makes them a 

tolerogenic cell type (Ilancheran, Michalska et al. 2007; Parolini, Alviano et al. 2008). 

Previous studies have shown that hAEC also have immunomodulatory properties and 
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inhibit mixed lymphocyte reactions and mitogen stimulated T cell proliferation (Bailo, 

Soncini et al. 2004; Wolbank, Peterbauer et al. 2007) where some of these effects may 

be attributed to secreted factors (Li, Niederkorn et al. 2005). hAEC also exhibits 

anti-inflammatory and anti-fibrotic effects in tissue fibrosis models and ameliorate 

neurological diseases in animal studies (Cargnoni, Gibelli et al. 2009; Manuelpillai, 

Tchongue et al. 2010; Parolini and Caruso 2011). 
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Fig. 7. Human term fetal membranes. 

Haematoxylin-eosin stained cross section of fetal membranes shows composition of 

amnion and chorion shown on the left. Scale bar = 50 µm. Schematic representation on 

the right illustrates the different layers of amnion and chorion, showing amnion 

enclosing amniontic fluid, and chorion adherent onto maternal decidua. The amnion 

consists of a single layer of epithelial cells (AEC) resting on basement membrane and 

stromal layer. Going further toward the maternal side across the spongy layer is the 

chorion, consisting of stromal layer (reticular layer) and trophoblast cell layer. 

Maternal decidual cells adherent to the chorion can also be seen from the picture. 

Adapted from Ilancheran et al and Dobreva et al (Ilancheran, Moodley et al. 2009; 

Dobreva, Pereira et al. 2010). 
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1.5.1 hAEC in Regenerative Medicine and Other Applications 

 

Human amniotic membrane (hAM) have been utilized for various clinical applications, 

such as ophthalmic and skin reconstruction, and sometimes as dressings to stimulate 

healing of skin/ocular wounds, facilitating wound repair and anti-inflammation in these 

cases (Gajiwala and Gajiwala 2004; Tosi, Massaro-Giordano et al. 2005; Tejwani, 

Kolari et al. 2007). In various studies hAM has shown their abilities to secrete 

anti-inflammatory cytokines and to display anti-bacterial, anti-viral anti-angiogenic 

and pro-apototic characteristics (Mamede, Carvalho et al. 2012). hAEC, as the 

important component in the hAM, have shown some of these features of hAM (Li, 

Niederkorn et al. 2005; Niknejad, Khayat-Khoei et al. 2013). hAEC transplantation 

was shown to be beneficial in experimental ophthalmic restorations as well, suggesting 

hAEC as a therapy for these applications (He, Alizadeh et al. 1999; Parmar, Alizadeh et 

al. 2006). In cell culture hAEC could form feeder layers to support the growth of other 

stem cells as well as maintaining pluripotency of these cells (Liu, Cheng et al. 2010; 

Liu, Cheng et al. 2012). More recently hAEC have also been shown to be effective for 

tendon and salivary gland regeneration in animal models (Barboni, Russo et al. 2012; 

Zhang, Huang et al. 2013). The ease of accessibility, low antigenicity, repair capacity 

and immunomodulatory properties of hAEC make them a suitable cell type in these 

pre-clinical applications. 

 

 

1.5.2 Stem Cell Characteristics of hAEC 
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hAEC differ from other parts of the placenta that they originate from pluripotent 

embryonic epiblast cells which is believed to enable hAEC to maintain stem cell 

features of embryonic stem cells. They express embryonic stem cell markers 

octamer-binding protein-4 (Oct4), Nanog, stage-specific embryonic antigen-4 (SSEA-4) 

(Ilancheran, Michalska et al. 2007; Parolini, Alviano et al. 2008), pluripotency 

associated markers sex-determining region box 2 (Sox-2), Tra-1-60 and Tra-1-80, in 

addition to a panel of lineage-associated genes (Izumi, Pazin et al. 2009; Manuelpillai, 

Moodley et al. 2011). hAEC possess the plasticity of pre-gastrulation embryonic cells 

and differentiate into lineages representing cells originating from all three germ layers, 

including liver, pancreas (endoderm), cardiomyocytes (mesoderm), and neural cells 

(ectoderm), and thus are suitable for pre-clinical cell replacement models (Miki, 

Lehmann et al. 2005; Ilancheran, Michalska et al. 2007; Diaz-Prado, Muinos-Lopez et 

al. 2010). 

 

hAEC also have immune-privileged properties like other placental cells, expressing 

low levels of MHC Class IA molecules and produce immunomodulating 

cytokines/chemokines and their receptors, as well as express some surface markers. 

They form spheroid structures that retain stem cell properties, and do not require other 

cell-derived feeder layers to maintain Oct-4 expression. They do not express 

telomerase and hence have the advantage over many stem cell types in being 

non-tumorigenic. All the above characteristics are beneficial for hAEC to be applied 

for therapeutic use. 

 

 



38 

 

1.5.3 Immunomodulatory Properties of hAEC 

 

In the past few years, hAEC transplantation in animal models has shown encouraging 

results in treating lung and liver fibrosis models. The beneficial immune regulatory 

effects of hAEC transplantation in these disease models were shown to reduced local 

inflammation, apoptosis and pro-inflammatory cytokines (Kong, Cai et al. 2008; 

Cargnoni, Gibelli et al. 2009; Manuelpillai, Tchongue et al. 2010; Liu, Vaghjiani et al. 

2012; Moodley, Vaghjiani et al. 2013; Vosdoganes, Lim et al. 2013). hAEC have the 

ability to produce some immunomodulating cytokines/chemokines and their receptors 

and hence may alter immune cell function. hAEC secrete a range of 

immunosuppressive molecules. For example, human leukocyte antigen-G (HLA-G), 

prostaglandin E2 (PGE2) and transforming growth factor-β (TGF-β), factors which can 

inhibit activities of T cells and induce regulatory T cell populations (Naji, Durrbach et 

al. 2007; Carosella, HoWangYin et al. 2008; Sreeramkumar, Fresno et al. 2012; Tran 

2012). Other molecules mediating immunomodulation have also been found in hAEC 

culture supernatants, include IL-1β and nitric oxide (Wichayacoop, Briksawan et al. 

2009). hAEC have also been shown to directly influence immune cells such as 

macrophages (Manuelpillai, Lourensz et al. 2012). 

 

 

1.5.4 hAEC for the Treatment of Neurological Disorders 

 

hAEC may have potential for treating neurological degenerative diseases because 

hAEC are able to secrete neurotransmitters, nerve growth factors and neurotrophic 
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factors (Elwan and Sakuragawa 1997; Sakuragawa, Misawa et al. 1997; Uchida, 

Inanaga et al. 2000; Uchida, Suzuki et al. 2003). In some cases, these neurotrophic 

factors secreted by hAEC were linked to inhibition of axonal damage, reduction of 

CNS inflammation and promotion of neuroprotection (Venkatachalam, Palaniappan et 

al. 2009; Stroet, Linker et al. 2013; Yawno, Schuilwerve et al. 2013). hAEC enhanced 

neural differentiation of neural stem cells and umbilical cell-derived mesenchymal 

stem cells (Meng, Chen et al. 2007; Yang, Xue et al. 2013). All the above studies 

suggest that hAEC transplantation may be useful for the treatment and repair of 

inflammatory neurological diseases. Indeed, successes have been shown in a few 

disease models. hAEC ameliorated the rotational asymmetry in rat, supported axon 

growth and enhanced repair in spinal cord injury model, and ameliorated a Parkinson’s 

disease model by increased production of neurotrophic factors that enhanced local 

repair (Sankar and Muthusamy 2003; Kong, Cai et al. 2008; Yang, Xue et al. 2009). In 

this thesis, I propose to explore the potential of hAEC to treat a mouse MS model, as 

this has not previously been tested. 

 

 

1.6 Proposed Mechanism for hAEC to Treat 

Autoimmune Diseases 

   

For tissue/organ transplantation, there is less chance for hAEC to be rejected by the 

immune system of the recipients. (Akle, Adinolfi et al. 1981; Adinolfi, Akle et al. 

1982). Other cell types in the placenta such as trophoblast cells which lack certain 

HLA expression, the expression of specific alloantigens HLA-G on trophoblast cells is 
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considered one of the mechanisms that promote maternal-fetal tolerance during 

pregnancy (Menier, Riteau et al. 2000; Seavey and Mosmann 2008). This leads to the 

question of whether similar expressions of HLAs enable hAEC to induce tolerance in 

other occasions. The absence of CD80 (B7.1) and CD86 (B7.2) expression in hAEC 

accounts for the other part of tolerogenic phenotype (Banas, Trumpower et al. 2008), 

because recognition of CD80 and CD86 is a necessary signal for T cell activation in 

adaptive immunity. Besides the mechanism which passively avoids T cell activation, 

soluble factors secreted by hAEC may actively suppress or modulate immune 

responses. This immune-privileged cell type hAEC has mRNA and/or protein 

expression of TNFα, Fas ligand (FasL), TNF-related apoptosis-inducing ligand 

(TRAIL), TGF-β, and macrophage migration-inhibitory factor (MIF) (Li, Niederkorn 

et al. 2005). As the consequence of the expression profile, hAEC culture supernatants 

was shown to inhibit the activation of T cells and B cells, migration of macrophages, 

and to induce apoptosis in T cells and B cells. It is noteworthy that all the 

immune-privileged tissue will express FasL (Bohana-Kashtan and Civin 2004), and 

FasL is the apoptosis-related factors in this study which was shown to be responsible in 

the induction of apoptosis of T and B cells (Li, Niederkorn et al. 2005). TGF-β, IL-10, 

PGE2, and HLA-G, which are immunosuppressive factors and important in 

suppressing lymphocytes, are produced abundantly by hAEC and were suggested to be 

the inhibitory molecules accounts for reduced lymphocyte activities in mixed 

lymphocyte reaction (MLR) and peripheral blood mononuclear cell (PBMC) (Ueta, 

Kweon et al. 2002). From MSC studies which suppress allogeneic T cell proliferation 

mediated by secreted factors similar working mechanism based on secreted 

immunomodulatory factors of hAEC may appear in disease models (Di Nicola, 

Carlo-Stella et al. 2002; Selmani, Naji et al. 2008).  
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1.7 Hypothesis 

 

Primary hAEC have potential as an alternative cell-based therapy for multiple sclerosis 

by exerting their immunomodulatory properties to suppress MOG-specific immune 

responses and alleviate MOG-induced EAE in mice. 

 

 

1.8 Specific Aims 

 

1. To examine the capacity of hAEC to suppress murine T cells from normal mice 

and EAE mice.  

2. To determine the capacity of hAEC to attenuate murine EAE in both a 

preventive model and an intervention model.  

3. To understand mechanisms by which hAEC achieve their therapeutic effects. 

4. To compare primary hAEC with cultured or differentiated hAEC with respect 

to phenotypic and functional characteristics and to suggest suitable applications 

for different types of hAEC. 
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Chapter 2. Amniotic Epithelial Cells from 

the Human Placenta Potently Suppress a 

Mouse Model of Multiple Sclerosis 

 

Multiple sclerosis (MS) is an inflammatory demyelinating disease affecting about 2.5 

million people around the world. Current therapies for MS struggle with efficacy and 

adverse reactions, but none of the available therapeutic strategies can cure the disease. 

Stem cell therapies for MS have shown some promising results in clinical trials of 

hematopoietic stem cell (HSC) and mesenchymal stem cell (MSC), but both cell types 

have shortcomings of invasive procurement procedure and cell number limits. Here I 

explore the potential of an alternative pluripotent cell type, human amniotic epithelial 

cells (hAEC), in treating a murine model of MS named experimental autoimmune 

encephalomyelitis (EAE). hAEC have advantages over HSC and MSC because 

abundant cells can be obtained through a non-invasive procedure from each amnion 

membrane after parturition. In the very first test hAEC showed their suppressive ability 

to T lymphocyte proliferation, which is essential for EAE development. This data 

suggested that hAEC may have potential to alleviate T cell-mediated pathology. I then 

delivered hAEC through intravenous injection to EAE-induced mice and found the 

treatment ameliorated clinical signs, CNS pathology and peripheral autoimmune 

response. My in vitro experiment also suggests that hAEC use immunomodulatory 

molecules TGFβ and PGE2 in suppressing murine splenic T cell proliferation. 

Intravenously delivered hAEC remained in the lungs of EAE-induced mice after one 
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week. This is the first study which successfully evaluates the potential of hAEC in 

treating a MS disease model. 
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Chapter 3. Human Amniotic Epithelial Cells 

Suppress Relapse of Corticosteroids- 

Remitted Experimental Autoimmune 

Disease 

 

Following the positive results from the first chapter, my second part of study tries to 

design a strategic hAEC therapy for MS model to provide a more practical method for 

future application. In the previous study EAE mice were treated with hAEC before 

they showed paralytic signs, therefore the treatment was regarded as a preventive 

therapy. In this chapter I use a different design in which EAE mice that develop their 

disease signs were first treated with corticosteroids until their disease remitted 

completely, then we withdrew corticosteroids treatment and injected them with hAEC 

as an intervention therapy. The experimental design mimics what happens in human 

MS because patients only seek treatment after disease development and may need 

controlling disease symptom by corticosteroids treatment. The data showed mostly 

similar results compared to the preventive study, where peripheral autoimmune 

responses were reduced significantly. CNS pathology was partially decreased and here 

was evidence of enhanced peripheral regulatory T cell population. All the above 

mentioned data implies that hAEC can be applied for intervention therapy to a murine 

MS model EAE. The results from this chapter together with the previous chapter 

suggest that hAEC has potential to be applied as cell-based therapy for human MS. 



53 

 

 



54 

 

 



55 

 

 



56 

 

 



57 

 

 



58 

 

 



59 

 

 



60 

 

 



61 

 

 



62 

 

 

  



63 

 

Chapter 4. Effects of Culture and 

Differentiation of Human Amniotic 

Epithelial Cells for Potential Clinical 

Applications 

 

As an alternative cell source for stem cell-based therapy, one should consider the 

changes made to the cell after the necessary propagation and/or differentiation. Here I 

address these issues via two studies in hAEC: the first study named “Changes in 

culture expanded human amniotic epithelial cells: Implications for potential therapeutic 

applications” discusses the influence of serial expansion to hAEC when using different 

culture formula. The second study, named “Immunogenicity and immunomodulatory 

properties of hepatocyte-like cells derived from human amniotic epithelial cells”, 

address the effects of differentiation process on hAEC. 

 

Compared with the currently well-applied mesenchymal stem cells (MSC) in many 

clinical trials, hAEC have the advantage of higher cell number obtained from a 

procedure which is neither invasive nor costly. The ideal cell type for cell-based 

therapy should be able to provide abundant cells which contain enough cells from a 

single donor, to prevent micro-chimerism or immune responses caused by pooling cells 

from different hAEC donors. Even though there are about 150-200 million of hAEC 

that can be obtained from each term amnion membrane, the number may not meet the 
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requirement for clinical use yet. Researchers have suggested that hAEC cultured in 

animal serum-supplemented media after a few passages are more like mesenchymal 

cells because of the transition in gene expression and surface antigen expression 

profiles and their mesenchymal-like phenotype. In the first part of this chapter, hAEC 

cultured in xenobiotic-free media were compared with hAEC cultured from animal 

serum-supplemented media and with the primary hAEC to understand the differences 

of surface marker expression, differentiation capacity, production of 

immunomodulatory molecules and ability to suppress splenic T cell proliferation in 

three different cell types.  

 

Despite using undifferentiated hAEC for specific diseases, applying 

terminal-differentiated hAEC has also shown their potential in allogeneic organ 

transplantation. Stimulation-induced differentiation induces some additional features of 

hepatocyte to hAEC. In the latter part of this chapter, hAEC-derived hepatocyte-like 

cells were compared with primary hAEC with their expression of human leucocyte 

antigen (HLA) and costimulatory molecules, as well as their immunogenicity and 

immunomodulatory properties. The results showed hAEC-derived hepatocyte-like cells 

have higher immunogenicity but retain their immunomodulatory properties to 

allogeneic peripheral blood mononuclear cells (PBMC) possibly via several identified 

immunomodulatory molecules.  

 

The two studies represented in this chapter have explored more aspects for potential 

future clinical application of hAEC, including cell number issue, culture procedure and 

terminal differentiation. Primary hAEC seems to be the best and the least risky choice 

considering their potent immunosuppressive properties, higher expressions of 

immunomodulatory molecules, and lower immunogenicity. It is a consistent 



65 

 

characteristic from xenogeneic to allogeniec T cell proliferation that TGFβ and/or 

PGE2 as well as other molecules are important in hAEC-mediated suppression, of 

which I have similar results mentioned in earlier chapters. But for cultured hAEC or 

hAEC differentiated hepatocyte-like cells, retention of some primary hAEC features 

possibly enable them to be used for different therapeutic purposes. 
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Chapter 5. Integrated Discussion, 

Conclusions and Future Directions 

 

Current therapies for multiple sclerosis (MS) exhibit partial efficacies and side effects 

with no complete cure. Researchers aim to explore potential new tools, or to improve 

the effects of existing therapies by combining different therapies or switching between 

them along the disease course (Steinman and Zamvil 2006; Caon 2009). Stem cell 

therapies for MS are being investigated with ongoing clinical trials using 

hemaetopoeitic stem cells and mesenchymal stem cells. One of the major shortcomings 

for stem cells is the limitation of primary cell numbers that can be obtained from the 

tissue. Human amniotic epithelial cell (hAEC) does not suffer from this limitation in 

that they are readily acquired from human placenta in large numbers. Also, hAEC have 

stem cell-like properties but with less undesirable side effects or risk factors, such as 

telomerase expression and teratoma formation (Miki, Lehmann et al. 2005; Ilancheran, 

Michalska et al. 2007). Application of these cells for the treatment of ocular surface 

disorders decades ago has led to the interest of hAEC in xenogeneic/allogeneic tissue 

transplantation (He, Alizadeh et al. 1999). Because hAEC express little or no HLA 

class I/II antigens, successful allogeneic or even xenogeneic transplantation can be 

achieved without rejection in a number of organs, such as the ocular site and spinal 

cord (Sankar and Muthusamy 2003; Parmar, Alizadeh et al. 2006). 

 

Furthermore, recent studies have revealed their potential in several diseases, including 

models for Parkinson’s disease (Kakishita, Nakao et al. 2003; Yang, Xue et al. 2009; 
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Yang, Song et al. 2010). Because MS and Parkinson’s disease are both characterized by 

neurodegeneration, it is possible that hAEC may have similar therapeutic efficacy in 

MS models. MS is considered to be a T cell-mediated disease in which T cells initiate 

the pathological immune responses targeting CNS myelin, and the consequential tissue 

inflammation (Stinissen, Raus et al. 1997). I therefore performed co-culture 

experiments to examine whether hAEC are capable of reducing T cell responses, 

especially in suppressing T cells from EAE mice which is an animal model of human 

MS. My results showed that hAEC are able of suppressing mitogen-induced 

proliferation of splenic T cells from naïve mice, and importantly inhibit MOG-specific 

proliferation of splenic T cells from EAE mice in an antigen-specific and 

dose-dependent manner. 

  

I then applied hAEC for the treatment of EAE mice in which EAE was induced by 

MOG35-55 peptide. I injected hAEC before disease symptoms occurred and showed 

improvement both in clinical symptoms and regulation of peripheral immune functions. 

In this prevention model hAEC treatment delayed the onset of EAE represented by 

lower clinical scores. CNS pathology was relieved which was shown by better 

histological results of reduced demyelination and less inflammatory cell infiltration of 

macrophages and T cells. Nevertheless, improvement in clinical scores only showed in 

the short-term and exacerbated later. This partial effect may be improved if hAEC are 

given in earlier time points, but it may cause higher mortality rate since EAE mice are 

weaker right after EAE induction, shown by reduced weight loss. Instead of injecting 

hAEC earlier, a boost injection may be more appropriate. The dose of cells delivered 

may change the outcome too, but it will raise another issue in that similar application 

of cell number/body weight ratio is nearly impossible in humans. However, one should 

not exclude the possibilities of improvement occurring after fine-tuning these delivery 
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strategies of hAEC in animal models.  

 

My study investigates the use of hAEC in a mouse model of multiple sclerosis not only 

as a preventive therapy as mentioned above, but also as an interventional therapy after 

corticosteroids treatment-induced remission of EAE. hAEC in both prevention and 

intervention models show apparent relief of clinical signs and evidences of peripheral 

immune regulation. I explored the possible mechanism by which hAEC alleviate the 

disease signs and found transforming growth factor-β (TGF-β) and prostaglandin E2 

(PGE2) are two essential molecules for the inhibition of splenic T cell proliferation. 

Both of these molecules exert potent immunosuppressive properties. TGF-β is 

expressed by most human tissues and cultured cells, including hAEC (Taipale, Lohi et 

al. 1995). It is a growth inhibitor for T cells that inhibits T cell proliferation, and is able 

to control destructive T cell-mediated responses in EAE through signaling to dendritic 

cells (Kehrl, Wakefield et al. 1986; Li, Wan et al. 2006; Laouar, Town et al. 2008). 

Administration of TGF-β in EAE mice reduce CNS inflammation and signs of disease 

(Racke, Cannella et al. 1992). Although there is no evidence in my study that hAEC 

migrate to CNS, a previous hAEC study has shown TGF-β mRNA expression in the 

lung (Moodley, Ilancheran et al. 2010) and brings the possibilities that hAEC may 

utilizes TGF-β to regulate T cell proliferation in our EAE models. The other 

immunosuppressive molecule, PGE2, has shown its efficacy in previous hAEC study. 

Similarly, PGE2 has the ability to inhibit T cell proliferation and promote the 

production of Th2 cytokines (Harris, Padilla et al. 2002; Woolard, Wilson et al. 2007). 

My findings that TGF-β and PGE2 are essential for hAEC-induced inhibition of 

splenic T cell proliferation supports the above literatures and also point out that TGF-β 

has a more prominent role than PGE2 in the inhibition (Liu, Vaghjiani et al. 2012).  
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In searching of other secreted molecules which are important to suppress splenic T cell 

proliferation, I found that some previously reported candidate molecules may not be 

crucial in regulating splenic T cells. Hepatocyte growth factor (HGF), nitric oxide (NO) 

and interleukin-10 (IL-10) are among these candidates which suppress T cell growth, 

proliferation or induce regulatory T cells (Benkhoucha, Santiago-Raber et al. 2010; 

Soleymaninejadian, Pramanik et al. 2012). However, none of these molecules were 

detected in my ELISA test of primary hAEC culture media. Beside these negative 

results, other human-specific immunomodulatory molecules may be further examined 

in culture with human cells even though they were excluded in my xenogeneic model. 

On the other hand, the TGF-β blocking antibody that I used can crossreact with mouse 

TGF-β and therefore is also able to block TGF-β secreted by murine cells. Further 

examination of the source of TGF-β utilized by hAEC for splenic T cell inhibition is 

necessary to elucidate the detailed mechanism. 

 

My data from the prevention model indicate that most of the infused hAEC are located 

in the lungs of EAE mice after 7 days of cell injection, with absence of detectable 

hAEC in CNS or peripheral lymphoid organs (Liu, Vaghjiani et al. 2012). There were 

similar findings in EAE mice treated with human MSC which suggested these cells, 

while mostly being trapped in the lungs, exert their beneficial functions from a distance 

via secreting some immunomodulatory molecules (Roddy, Oh et al. 2011; Prockop and 

Oh 2012). Besides this assumption, Odoardi et al also proposed that the lung is an 

important organ for “licensing” T cells, based on the behaviour of myelin basic protein 

(MBP)-specific T cells transferred to induce a rat model of EAE (Odoardi, Sie et al. 

2012). According to their data, most of the intravenously transferred T cells which are 

specific to MBP home to the lungs and stay in bronchus–associated lymphoid tissue 

(BALT) and draining lymph nodes before they re-enter the blood circulation. These T 
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cells will have their gene expression profile reprogrammed in the lung tissue which 

allows them for further migration to CNS and reactivated there (Odoardi, Sie et al. 

2012). It might be possible that hAEC fit with this hypothesis. While hAEC were 

trapped to the lungs in EAE mice, hAEC might have served the role to interact with 

these T cells in BALT or draining lymph nodes and to modulate their behavior during 

the licensing process, and therefore affected the disease course. Future work should 

search for the exact compartment in the lung where hAEC are trapped and knowing 

what kind of interaction they had with the cells in the lymphoid tissues. These data 

could help us understand whether hAEC exert their function similar to other cells used 

for cell-based therapies.  

 

Both murine and human CD4
+
 T cells can be categorized to different subtypes 

according to their cytokine profile and effector functions (Mosmann, Cherwinski et al. 

1986). Th1 and Th17 cells are considered pathogenic T cell subsets, while Th2 cells 

antagonize the pathogenic effects in EAE (Cua, Hinton et al. 1995; El-behi, Rostami et 

al. 2010). I therefore determined cytokine profiles in the culture supernatant of splenic 

cells from hAEC-treated EAE mice and compared with untreated EAE mice. Among 

10 Th1/Th2/Th17 cytokines I found elevated Th2 cytokine IL-5 in the hAEC 

prevention model, and elevated IL-5 and IL-2 in the hAEC intervention model. These 

cytokine changes partly reflect the shift from proinflammatory Th1 profile to 

anti-inflammatory Th2 profile, because Th2 cytokine IL-5 were upregulated after 

hAEC treatment in both models. However, the reason for the change of IL-2 is still 

unknown. It is possible that elevated IL-2 represents resistance response to hAEC 

inhibition. MS patients treated with MSC have shown increased IL-2 production from 

peripheral lymphocytes, which accounts for weaker response to MSC inhibition. It was 

postulated that higher IL-2 is responsible to the relative resistance to MSC regulation 
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(Ben-Ami, Miller et al. 2013). Beside IL-5 and IL-2, there was no change in other 

Th1/Th2/Th17 cytokines. The results suggest that hAEC modulate peripheral immune 

responses in concordance with my other findings.  

 

I found elevated peripheral CD4
+
CD25

+
FoxP3

+
 Treg populations both in the 

prevention model and the intervention model. A similar study showed that after 

cessation of immunosuppressant, cell transplantation increased peripheral 

CD4
+
CD25

+
FoxP3

+
 Treg population and may be a contributory mechanism to EAE 

remission (Meng, Ouyang et al. 2011). Meng et al found that elevated Treg population 

on day 80 after EAE induction, which is similar to the time point (day 84) that I found 

elevated Treg population in the intervention model (“day 84 after EAE induction” 

equals to “day 60 after corticosteroids-induced remission”). According to their result, 

the increased Treg population was not detected earlier (day 40).  The clinical 

importance of abnormal Treg population can be seen on studies in MS patients. Two 

aspects of abnormal Treg population are often discussed in MS patients: First, the 

reduced cell numbers (Venken, Hellings et al. 2008); and the second, a similar amount 

but functionally impaired Treg population (Viglietta, Baecher-Allan et al. 2004; Haas, 

Hug et al. 2005; Venken, Hellings et al. 2006). However, these Tregs from some MS 

patients exhibited different tropism because they showed higher expression of adhesion 

molecules CD103 and CD49d, and distributed more in the cerebrospinal fluid than in 

the peripheral blood (Venken, Hellings et al. 2008). As Treg may contribute as part of 

suppressor cell mechanisms in the therapeutics of hAEC, more studies especially in 

MS patients providing direct evidence of mechanisms of action are needed. 

 

The importance of combinational therapies for MS is addressed both in basic studies 

and in clinical trials. Novel therapies that combine approved drugs such as IFN-β with 
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dexamethasone, or with glatiramer acetate are either being applied in clinic or in trials 

which may provide better outcomes than therapies that utilize single medication 

(Tullman and Lublin 2005). My study using hAEC after corticosteroids-induced 

remission has shown lower clinical scores, also anti-inflammatory effects in the CNS 

and peripheral immune organs, as compared to corticosteroids-only treated mice in my 

experiment. It may be a practical way to provide hAEC transplantation after first-line 

medicines of MS in the future, similar to my study design. However, studies testing the 

effects of hAEC therapy either with altered delivery method or combined with other 

available drugs should be done to give more information to refine this potential 

therapeutics.  

 

Splenocyte proliferation assay stimulated by mitogen is broadly used to understand T 

cell function. Assessment by 
3
H-thymidine incorporation is a standard technique used 

in EAE and other mouse models (Strong, Ahmed et al. 1973; Lehmann, Forsthuber et 

al. 1992). My study broadly use splenocyte proliferation assay to investigate T cell 

function and the culture supernatants collected to determine the production of various 

cytokines by splenic T cells. The lower proliferation of splenocytes and shifted 

cytokine profile show that hAEC has modulated peripheral T cell function.  Because I 

could not detect hAEC in organs other than lung, the possibility that hAEC migrate to 

CNS to change the local T cell response is less likely.  

 

On the other hand, B cell activation will normally occur after T cell activation, and 

followed by subsequent antibody production. Therefore, early speculation of B cell 

response occurring in early phase should be avoided (Batoulis, Recks et al. 2011). I 

examined both T cell responses (proliferation and cytokine production) and B cell 

response (autoantibody production) in the end-points of EAE mouse experiments, thus 
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the potential problem of early speculation was not an issue in my study.  

 

It will be even better if there were larger number of animals in each experiment so that 

the same immunoassay can be performed in different time points to give more 

information about disease dynamics. Difficulties to get large number of mice for my 

intervention study come from mouse-to-mouse differences in response to 

corticosteroids treatment, some mice took longer than other to have their paralytic 

signs relieved. In my intervention EAE mouse experiment, although in the beginning 

there were 60 mice induced with EAE and most of the mice were remitted after 

corticosteroids treatment, only those mice which remitted completely at the same day 

can be used for hAEC infusion in order to provide hAEC from the same batch at the 

same time. The follow-up animal experiment may consider using an even bigger 

number of mice to start in order to include more mice and obtain experimental results 

with lesser variation. 

 

Application of stem cells to patients largely depends on the initial number of primary 

cells that can be acquired from the tissue. As mentioned before, hAEC has the 

advantage in cell transplantation compared to other immune-privileged cells because 

the huge cell numbers from amnion can be easily acquired. Primary hAEC are different 

from mesenchymal stem cells that need further propagation and careful examination of 

phenotypes and surface molecule profiles to ensure their stemness remained. However, 

if cell propagation is still needed, the xenobiotic-free medium must be used for human 

allogeneic transplantation to prevent potential xenogeneic effect induced by 

components of culture medium. In hAEC, cell passage after 4 generations has shown 

reduced suppressive properties and lower production of TGF-β and HLA-G, and also 

elevated production of IL-6 (Pratama, Vaghjiani et al. 2011). These altered properties 
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should be taken into consideration when applying hAEC to a specific disease model. 

Also, the changes after cell propagation of hAEC also include differentiation to various 

cell lineages and the morphological changes. However, the more differentiated 

phenotype may provide beneficial effect to the relevant disorders and organ type that 

receive cell transplantation (Tee, Vaghjiani et al. 2013). 

 

The most cumbersome issue of allogeneic transplantation is the immunogenicity of 

transplanted cell type. hAEC has the advantage in that they express low or no HLA 

type I and type II antigens, thus preventing the chance of being rejected. Even in my 

xenogeneic study where hAEC have been applied to mouse, the cells did not elicit any 

apparent side effect of rejection. This may be the main advantage of hAEC to be used 

for human diseases, which is also similar to human MSC but with more advantages in 

cell numbers and ease of obtain cells. 

 

Most of our knowledge about CNS inflammation in MS patients has been gathered 

from EAE studies (Gold, Linington et al. 2006). There is a significant number of MS 

therapies that were originally effective in EAE, including glatiramer acetate, 

mitoxantrone, and natalizumab. They subsequently gained approval for their clinical 

applications to MS patients. These facts indicate that animal model of MS, especially 

EAE, has been useful to decipher the yet not clear pathogenesis and to explore possible 

treatments (Steinman and Zamvil 2006). While EAE is a good MS model for studying 

immunomodulation, one needs to be cautious in interpreting results arising from EAE 

studies. EAE may not be appropriate for studying neuron repair or chronic disease 

courses since it is not similar to these aspects of MS (Baker and Amor 2012). Among 

the commonly used EAE models, my chosen one using MOG35-55 peptide which 

induced chronic EAE is more suitable to study demyelination mediated by T cells and 
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macrophages (Gold, Linington et al. 2006). According to these guidelines, in my 

studies I interpret my results by suggesting that hAEC therapy skewed peripheral 

immune system of EAE mice, and may further influence the behaviors of 

CNS-infiltrating T cells and macrophages. Neuron repair issue were untouched in my 

experimental model but could be studied further if the success of hAEC therapy in 

EAE continues in MS patients. 

 

In conclusion, my studies has first shown the nature of hAEC as cellular therapy to 

murine EAE, a model of human MS. hAEC therapy is helpful either before the disease 

onset, or when given after cessation of anti-inflammatory corticosteroids treatment. 

Intravenously delivered hAEC may reside in the lung to alleviate peripheral immune 

responses and paralytic signs in EAE mice, as well as decrease CNS inflammation and 

induce regulatory T cell population in vivo. I propose that hAEC utilize secreted 

molecules TGF-β and PGE2 in controlling T cell proliferation. As an ideal cell therapy 

for neurological diseases should be able to induce immunomodulation, promote 

neuroprotection and regeneration of the CNS, my studies up to date reveals only part of 

the effects. However, future studies may pave the way to develop treatment method 

involving hAEC for EAE and MS to help patients with this devastating autoimmune 

disease which affects 2.5 million people worldwide. 
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