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Abstract: For the past hundred years since the 

discovery of vitamin A, the field of research 

associated with retinoids has been well evolved due to 

advances in molecular biology, chemistry, 

biochemistry and medicine. Vitamin A is an essential 

component in diet. Major derivatives of vitamin A 

such as retinol, retinaldehydes and retinoic acid are 

collectively considered as retinoids. Deficit of 

Vitamin A has a direct correlation with disease 

development in our body emphasizing the importance 

of retinol. Retinoic Acid is proclaimed as powerful 

mitogen acting in our body since the developmental 

embryonic stages where it is associated with many 

organ systems in body carrying out different 

functionalities. Retinoids carry out many functions of 

nervous systems. This review is mainly focused on 

contribution of Retinoic acid towards reversing the 

process of neural degeneration in pathological 

conditions achieved by neurodegenerative diseases 

and tumor inducing situations. Retinoids can act on 

neurons carrying morphogenesis of nerves by 

promoting stem cell differentiation. Activation of 

phospholipase A2 pathway can promote neural 

differentiation. Also by inactivating human Inhibitor 

of DNA binding 2 gene, retinols can suppress stem 

cell proliferation and initiate morphogenesis. This 

gene inactivation can be also used as a therapy to 

prevent malignant cell proliferation leading to tumors. 

Anti amyloidogenic activity is discussed in this 

review locates a significant importance in reversing 

neural degenerating process in diseased conditions. 

Moreover, Reactive Oxygen Species accumulation 

can be suppressed by Retinoic Acid where it can 

promote cell survival during pathological constrains. 

The revision of literature is carried out in depth 

revealing Retinoic Acid related putative drug target 

mechanisms, where we can use Retinoic Acid as a 

novel therapeutic drug in neurodegenerative diseases.  

Keywords: Anti amyloidogenic activity, Human 

Inhibitor of DNA binding 2 gene phospholipase A2, 

Reactive Oxygen Species, Vitamin A, Retinoids. 

 

INTRODUCTION 

Vitamin A is known to be one of the most 

important components in the diet. Vitamin A and 

its derivatives carry out many morphological and 

physiological functions in animal bodies. Thus, it 

has been one of the widely studied molecule over 

the past century. Back in 1913, it was proclaimed 

that a lipid soluble molecule contained in the diet 

of rats encouraged their growth and was later 

named as Vitamin A or retinol (McCollum and 

Davis, 1913). Studies carried out by McCollum 

and Davis in early 19
th
 century revealed that lack 

of a certain substance in diet caused night 

blindness (McCollum and Davis, 1913). Later 

studies claimed that "Fat soluble A" (synonym to 

vitamin A) plays an important role in preventing 

night blindness and xeropthalmia (Goodman, 

1984). Since 1930, developments in chemistry, 

cell biology and molecular biology have 

explored many pathways related to retinol and its 

precursors and scientists have successfully 

synthesized these compounds chemically (Isler et 

al., 1947). Another landmark in this area of study 

was the discovery of retinol binding proteins in 

animal tissues. Retinol binding protein was first 

discovered in 1968 with a single polypeptide 

chain which is responsible for transporting 

retinol in plasma (Kanai et al., 1968). This aided 

in understanding retinol transport to many organ 

systems including most vital parts of our body 

such as brain. Except in plasma, two types for 

retinoic binding proteins found in human tissues 

(Chytil, 1982). They are slightly different from 

each other in immunological properties and 

ligand binding specificities (Chytil and Ong, 

1978). Scientists have characterized retinol 

binding proteins in tissues such as liver of rats, 

dogs and humans, bovine retina and rat testis 

(Chytil, 1982; Chytil and Ong, 1978; Saari et al., 

1982). 
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Vitamin A is an essential vitamin in our 

diet as it cannot be synthesized by de novo 

pathway. It must be taken up as a dietary 

component or as a stored vitamin source 

(Harrison, 2012). Hence, the study of 

biosynthesis, absorption, metabolism and 

transport of retinoid is very important. Natural 

reservoirs of vitamin A include β carotene 

pigments in many plants which are then 

transformed to retinol in mucosa of intestine. 

They are then re-esterified and transported inside 

vesicular compartments by the circulatory 

system (Goodman and Olson, 1969).  Storage of 

vitamin A derivatives in our body is mainly 

carried out by the liver which is known to have 

reserves of other vitamins taken up from various 

dietary substances (Goodman, 1984). Fat storage 

cells in the liver is the most responsible hepatic 

cell type in storing vitamins and also aids in 

maintaining steady vitamin contents in blood 

plasma (MCLaren, 1981). Hepatic parenchyma 

cells secrete plasma retinol binding proteins that 

aid in active uptake of retinal – esters. These 

cells are one of the major cell type responsible 

for metabolism and storage of retinal esters 

(Poole et al., 1975). 

Retinoids effectively take part in cellular 

differentiation and many in vitro studies have 

been undertaken since 1925 to understand 

underlying molecular mechanisms (Goodman, 

1984). Except model animal testing, organ and 

cell culture studies have been undertaken to 

understand the ramifications of retinoids on cell 

differentiation (Fell and Mellanby, 1953). Fell 

and Mellanby (1953) made attempts by treating 

chick epidermal tissue in cell culture system with 

various doses of retinol acetate and observed that 

it could induce a drastic phenotypic change on 

the functionality of the tissue, as keratinized 

epidermis differentiated into mucus producing 

cell lines (Fell and Mellanby, 1953). Even 

though they were able to identify phenotypic 

effects, underlying molecular cross talking 

cassettes have not been well understood during 

that time.  

Understanding cell signaling pathways and 

effector molecules involved in retinoids are 

important aspects in modern therapeutics. 

Retinols and their derivatives are involved in 

each and every organ system carrying out major 

effector functions. Alteration of retinoids in 

disease pathogenesis is also very peculiar to 

understand. Many molecular targets of 

therapeutics can be identified by scrutinizing 

intrinsic causes (Guo et al., 2015; Greena et al., 

2016). Retinoid isomers inside cells are known to 

carry out gene activation mechanisms and 

transcription regulation. They are also involved 

in the production and regulation of effector 

molecules which carry out major functions in 

cell survival, pathogenic effects as well as in 

structural culminations (Greena et al., 2016). 

Probing into neurobiology and underlying 

signaling pathways regarding neural 

regeneration, stem cell proliferation and cell 

differentiation is one of the most promising area 

of research (Wuarin and Sidell, 1991; Wuarin et 

al., 1990; Zhelyaznik et al., 2003). However, 

complete molecular cross talking mechanisms 

remain ambiguous. It is vital to understand the 

cell biology of neuro degenerative diseases and 

tissue malignance in order to design appropriate 

therapeutics. Intrinsic properties causing diseases 

such as uncontrolled transcription (Ruzinova and 

Benezra, 2003; Lasorella and Iavarone, 2006), 

Reactive Oxidative Species (ROS) accumulation 

(Eichele, 1997) and synthesis of molecules 

leading to apoptosis (Amtul et al., 2012) have 

been studied. In addition, extrinsic properties 

such as physical constrains, stress factors (Vogel, 

2000) and toxic substances (Eichele, 1997) have 

also been examined and many approaches to 

address numerous pathological constraints have 

been under taken. 

An extensive literature survey was carried 

out in this review covering components and 

functions entailed in vitamin A metabolism, 

storage and transport to extra hepatic tissues. A 

demonstration of retinoid biosynthesis and 

conversion of inactive forms to active forms of 

retinoids carrying out signaling is presented here. 

Retinoic acid (RA) is an important effector 

molecule and carries out its function in many 

organ systems. In the nervous system various 

types of genes can be activated by retinoic acid 

where it plays a vital role in maintaining the 

stability and cell integrity. In this review we 

stress on retinoic acid induced molecular cross 

talking mechanisms involved in 

neurodegenerative disease resistance and how 

that knowledge could be utilized to overcome 

neuron dysfunction by using RA as a therapeutic 

strategy.   

 

 



7 
 

 

L.T. Ranaweera et al. 

METABOLISM AND TRANSPORT OF 

RETINOIDS 

Vitamin A Metabolism and Hepatic 

deposition  

Collectively, all vitamin A derivatives are called 

retinoids (Guo et al., 2015). Retinol is the 

primary type of retinoid found on the circulatory 

system (D’Ambrosio et al., 2011; Goodman and 

Blaner, 1984). It is important to look at retinol 

biosynthesis to understand vitamin A uptake to 

the body. The main pathway involved in uptake 

of retinols and preformed retinol is explained in 

Figure 01. 

Retinoid Transport and Up taking in Extra 

Hepatic Tissues 

It is critical to understand prime mechanisms 

underlying retinol transfer into extra hepatic 

tissues where most of the retinol effector 

functions are carried out. In circulatory system, 

different types of retinoids move and bind to 

various receptor molecules such as chylomicron 

bound retinal esters (Greena et al., 2016; 

D’Ambrosio et al., 2011; Goodman and Blaner, 

1984). Retinols tether with Retinol Binding 

Protein (RBP) (Kawaguchi et al., 2007) and 

further processed into RA (D’Ambrosio et al., 

2011). These are the main transport mediators in 

the plasma performing retinoid transport. There 

are three main mechanisms involved in the 

uptake of above mentioned derivatives of 

retinoids (D’Ambrosio et al., 2011). 

Chylomicron bound retinal esters are directly 

transported to the cell by an unknown receptor 

molecule where cell acquires retinal esters. 

 

 

Figure 1: Vitamin A metabolic pathway in enterocytes. In the mucosal lumen, processed vitamin A derivatives (proretinoid 

carotenoids) such as β carotene are up taken to the intestinal lining enterocytes through scavenge receptor class B, type I 

(SR-B1) (Van-Bennekum et al., 2005; During and Harrison, 2007; Lobo et al., 2010) in which cellular β carotene undergoes 

two fates (D’Ambrosio et al., 2011). They can readily convert to retinal via β-carotene-9′, 10′-monooxygenase (BCMO1) 

(Blaner and Olson, 1994) and get attached to Cellular Retinal Binding Protein (CRBP) type II and remain in the cytoplasm 

(D’Ambrosio et al., 2011). Pre formed retinols in intestinal lumen can also get in to the enterocytes via a membrane protein 

called retinyl ester hydrolase and stay bound to CRBP II receptors. Cellular β-carotene gets associated with cellular 

triglyceride molecules and forms chylomicrons containing unprocessed retinols. CRBP bound retinal molecules are reduced 

by the retinal reductase enzyme producing retinols (Goodman and Blaner, 1984). These stable forms can stay in the 

cytoplasm for a while. Whenever a retinol releasing signal is transduced to enterocytes, it will convert most of the 

cytoplasmic CRBP bound retinols to retinal esters using lecithin: retinol acyltransferase (LART) and other retinols will 

convert using diacylglycerol acyltransferase 1 (DGAT 1) (O’Byrne et al., 2005). These retinyl esters get associated with 

triglyceride lipid molecules and form chylomicron (Greena et al., 2016). Chylomicrons are transported through gut 

epithelium to lymph duct in which they circulate and the most of excess chylomicron bound retinols are up taken in to liver 

through a mechanism called sieving (Wisse et al., 1985). Hepatocytes and fat storing cells are the major storage cells of 

retinoids and they can undergo further medicalization (Greena et al., 2016). 



8 
 

 

Ceylon Journal of Science 46(3) 2017: 5-20 

 

However, some extra hepatic tissues such as 

Lipoprotein Lipase (LPL) can convert retinal 

esters to retinol which can be absorbed in to the 

cell (Blaner et al., 1994). Retinoic acid bound to 

albumin is also taken up by extra hepatic tissues 

by a molecular mechanism which is yet unclear. 

Retinols bound to holo RBP can get converted to 

apo RBP through a transmembrane protein called 

STRA6 (Stimulated by Retinoic Acid 6) (Blaner 

et al., 1994; Isken et al., 2008). This process 

involves active uptake of retinols into the extra 

hepatic tissue. When neurons in the brain are 

considered, most of the molecules need to 

penetrate through the blood brain barrier. This is 

done by transporter molecules which are very 

important drug target molecules and it is possible 

to induce them to achieve high amount of 

retinoid uptake improving brain functions in 

treating of neuro degenerative diseases. 

RETINOIC ACID SIGNALING AND GENE 

ACTIVATION    

Retinoic acid signaling pathways have been 

identified in many body tissue types that regulate 

different genes and control effector molecules. 

Different molecules associated within these 

pathways have been target molecules for 

inducing RA production as a therapeutic drug. 

Hence, understanding of overall signaling 

mechanisms involved in RA synthesis and cell 

signaling pathways in target cells is an essential 

step in producing therapeutics. A model pathway 

involved in RA synthesis, signaling pathways 

and gene activation process is shown in Figure 2. 

 

 

Figure 2: Overview of cellular retinoid metabolism and RA dependent cell signaling pathway. Cellular retinoids up taken 

from the blood plasma are found to be bound to Cellular Retinoic Binding Proteins (CRBP) type proteins (D’Ambrosio et 

al., 2011). Two enzymes are involved in converting CRBP bound retinols to retinaldehydes; Alcohol Dehydrogenase (ADH) 

and Retinol Dehydrogenase (RDH). Cellular production of All-Trance Retinoic acids (ATRA) and 9-cis-Retinoic Acids 

(9CRA) is escalated by Retinaldihyde Dehydrogenase (RALDH) class molecules such as RALDH I, II, III (Conaway et al., 

2013). The prime fate of processed RA is acting on effector genes. Hence they bind to Retinoic acid receptors (RAR, RXR) 

found on cytoplasm and move to nucleus through Nuclear Pore Complex (NPC) and get phosphorylated by kinase enzyme to 

form an active receptor molecule. At the active state, they eliminate repressor complexes found on promoters of target genes 

and get attached to Retinoic acid Receptor Elements (RARE) where they enhance the utilization of transcription factors on 

promoters and carry out transcription (Perissi et al., 2010). 
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There are two types of RA receptor 

molecules i.e Retinoic Acid Receptor x (RARx) 

and Retinoic Acid Receptor s (RXRs). They act 

as intracellular receptor molecules which carry 

out ligand bound transcription activation and 

activate many RA effector genes regulating 

cellular proliferation and differentiation (Glass 

and Rosenfeld, 2000; Aranda and Pascual, 2001). 

The RAR receptors found in the body consist of 

three isomers produced by alternative splicing 

(RARα, β, γ) and carry out different functions. 

RARβ is found to be a promising target molecule 

for tumors as well as in cell proliferation and 

differentiation, post natal maintenance and some 

dermatology diseases (Tasi et al., 2009; 

Christov, 2009; Petty et al., 2005). The RAR and 

RXR (RARx) get tangled to form RAR-RXR 

heterodimers bound to Retinoic Acid Receptor 

Elements (RAREs) that are inactivated by 

nuclear-receptor-co-receptor complexes (NCoR), 

which inhibit the binding of transcriptional 

activators to the promoter site (Perissi et al., 

2010). 

Cellular RA molecules produced have 

three main fates. They can undergo cell signaling 

pathways activating genes, get transferred 

outside the cell and comprehend in paracrine 

signaling or are broken down by Cytochrome 

P450 26 (CPY26) (Abu-Abed et al., 2001). 

Retinoic acid paracrine signaling is very 

important in embryonic development where cell 

to cell cross talking mechanisms carry out 

morphogenetic functions such as differentiation 

of pluripotent stem cells (Molotkov et al., 2006; 

Duester, 2008). 

EFFECTS OF RETINOIC ACID IN OTHER 

ORGAN SYSTEMS 

From early embryonic stages, RA dependent 

signaling shapes the body morphology as well as 

functionality. In addition, RA can be used 

against disease pathogenicity. Natural vitamin A 

deficit directly acts on nervous system and 

immune system causing adverse effects (Guo et 

al., 2015; Dawson et al., 2006; Imdad et al., 

2010; Dupe et al., 2003). Further, experiments 

using transgenic model animals containing 

knockout RA utilizing genes have revealed that 

some phenotypes are lethal (Greena et al., 2016; 

Molotkov et al., 2002) while some model 

animals had disease pathogenic conditions. For 

example, Raldha-2- transgenic mouse lines who 

cannot utilize all-trance retinoic acid or 9-cis 

retinoic acid are found to be a lethal phenotype 

(Guo et al., 2015). Therefore, RA is one of most 

important effector molecule in shaping tissue and 

organ systems.  

Retinoic acid on Adult Vertebrate Appendage 

Regeneration  

Epimorphic regeneration is a well-known 

phenomenon among male teleosts fish and 

among many amphibians (Mathew et al., 2009; 

Blum and Begemann, 2012; Zakany et al., 2004). 

The RA signaling has been well studied in fin 

regeneration of zebrafish (Blum and Begemann, 

2012). Gene aldhla-2 codes for the enzyme 

responsible for synthesizing RA and is found to 

be regulated in adult zebrafish on regenerating 

caudal fins 24 hours after amputation (hpa) 

(Mathew et al., 2009 ). In terms of expression, 

phasing of aldhla-2 occurs with about six hpa 

where the transcripts are found in mesenchymal 

cells, one segment proximal to the plane of 

amputation. Blastema formation is impeded 

when RA signaling pathways are suppressed. 

Retinoic acid molecular signaling pathways 

govern the blastema formation at the early stages 

where fin ray mesenchymal cells get proliferated 

and move to amputation sites form blastema 

(Blum and Begemann, 2012). Mitogen activity of 

RA signaling pathway may have a 

correspondence with stem cell proliferation. 

Induction of stem cells in the amputated plane 

may move to the wound where the wound 

healing process takes place. The RA signaling 

also cross talks with apoptotic signaling by B cell 

lymphoma 2 (bcl2) up regulation where it 

mediates pro survival of blastema, till it matures 

(Blum and Begemann, 2012). Hostile 

environment can be lethal to proliferating 

blastema cells and Programmed Cell Death 

(PCD) can be induced. A similar mechanism is 

proposed in zebrafish heart regeneration which 

involves elevated expression of aldhla-2 in 

epicardium and endocardium where cell division 

and proliferation are promoted (Kikuchi et al., 

2011). 

Role of Retinoic Acid in Immunity 

Dietary vitamin A is recognized as an essential 

factor for the maintenance of immunity (Ross, 

2012). β carotene and vitamin A are known to act 

against infections and they were identified as 

“anti-infective agents”   in late 19
th
 century 

(Green and Mellanby, 1928; Green and 

javascript:void(0);


10 
 

 

Ceylon Journal of Science 46(3) 2017: 5-20 

Mellanby, 1930).  In different studies performed 

using animal models to verify the relationship 

between RA and lymphocyte production, 

abnormalities have been observed in the 

production of antibodies (low production of IgA 

and elevated amounts of IgG) (Stephensen et al., 

1996; Twining et al., 1997; Zhao and Ross, 

1995).  There is a direct correlation between All-

trance retinoic acids (ATRA) and B lymphocyte 

mediated immunity. The RAR-ATRA controlled 

gene transcription allows immunoglobulin 

accumulation in B lymphocytes (Chen and Ross, 

2005). The B cell proliferation and activation by 

up regulating co-receptor molecules is aided by 

similar molecules (Ma et al., 2005). Further, 

immunological diversity is controlled by RAR-

ATRA receptor molecules by up regulating 

proteins needed for phenomena such as class 

switching and somatic hyper mutation (Cattoretti 

et al., 2006) while RAR-ATRA also helps in B 

cell maturation (Chen and Ross, 2007). In 

addition, RA paracrine signaling mechanisms 

allow cellular cross talking among leukocytes to 

overcome infectious conditions (Guo et al., 

2015). 

Maintenance of Bones by Retinoic Acid 

Bone morphogenesis and cellular differentiation 

are carried out by many effector molecules, 

governed by retinoic acid (Shenga et al., 2010). 

Bone Morphogenic Proteins (BMP) which are 

under the Super family of Transforming Growth 

Factor β (TFG – β) are primarily responsible for 

carrying out molecular cross talking with other 

pathways which are essential for bone 

morphogenesis (Chen and Ross, 2007).  Essential 

molecular communicating mechanism involves 

Smad1 protein and BMP proteins; which are 

prime molecules sustaining bone morphogenesis 

(Feng and Derynck, 2005; Wang et al., 2011). 

Uncontrolled differentiation involves in disease 

and abnormal situations where RA come to the 

play. The RA is known to carry out a major 

function in regulating these effector molecules 

via suppressing Smad1 pathway, thereby causing 

bone morphogenesis (Chen and Ross, 2007). 

Retinoic acid also induces proliferation of 

osteoclasts from myeloid progenitor cells 

carrying out maintenance of osteoclasts till 

maturation (Greena et al., 2016). 

 

 

REVERSING NEURAL DEGENARAION 

BY RETINOIC ACID 

Regulation of Inhibitor of DNA binding 2 

gene Expression by retinoic acid 

Inhibitor of DNA binding 2 (ID2) (Ruzinova and 

Benezra, 2003) plays an important role in tissue 

development, acting as a transcription factor that 

promote cell proliferation, but discourages 

differentiation (Annibali et al., 2012). In 

development of neural tissues, ID2 maintains a 

high level of pluripotent neural stem cells while 

it inhibits neurogenesis by inhibiting 

differentiation (Henke et al., 2008; Martinsen 

and Bronner-Fraser, 1998; Bai et al., 2007). 

When cell accumulates low levels ID2, it 

promotes neural differentiation collectively with 

Neural Growth Factor (NGF) (Henke et al., 

2008; Martinsen and Bronner-Fraser, 1998; Bai 

et al., 2007; Zhang et al., 2010). MicroRNAs can 

act on genes at transcriptional levels inhibiting 

transcription mechanisms by directly binding to 

genes (Bartel, 2004; Kasinski and Slack, 2011). 

MicroRNAs are used as a therapeutic agent in 

tumors as they suppress tumor inducing genes 

(Kasinski and Slack, 2011). At this regulation 

level, miR-9 and miR-103 are responsible for the 

regulation of cellular ID2 levels (Annibali et al., 

2012). Retinoic acid is a key effector molecule in 

up regulating the above micro RNAs (Laneve et 

al., 2007). Figure 3 shows detailed mechanisms 

involved in this process. 

At normal conditions ID2 remains active in 

neuroblastoma based neural precursor cells to 

accrue the stem cells (Iavarone and Lasorella, 

2006; Martinsen and Bronner-Fraser, 1998). The 

ID2 binds to E protein which gets hindered to 

bind Helix-Loop-Helix (HLH) protein 

heterodimers. They binds to E-box regulated 

genes such as Growth Associated Protein 43 

(GAP43) gene and carry out growth and 

differentiation (Lo´pez-Carballo et al., 2002). 

With the treatment of RA due to diminished ID2, 

suppression of the E-box element stops and HLH 

heterodimer binds to E box proteins and carry 

out transcription (Annibali et al., 2012). 

Suppressing RA to induce the activity of ID2 

genes can result in producing neural stem cell 

pools in vitro which can be used in stem cell 

therapy for neurodegenerative diseases such as 

Parkinson disease (PD). However, uncontrolled 

transcription of ID2 will result in tumor 

situations (Vandeputte et al., 2002; Perk et al., 

2005).   
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Figure 3: The RA induced neural differentiation by arresting transcription of Human ID2 gene through MicroRNAs. Human 

Inhibitor of DNA binding 2 (ID2) gene is responsible for the production of Inhibitor of DNA binding 2 protein and carry out 

different cellular mechanisms which promote proliferation, especially in neuroblastoma. In the presence of RA, it promotes 

the production of MicroRNA molecules; miR-9 and miR-103. Those microRNA molecules contain highly homologues 

sequences in untranslated regions (UTR) of Human ID2 gene, where they bind and prevent transcription. The miR-9 binds 

downstream region of 5’ UTR region and miR - 103 binds UTR region of leader sequence of human ID2 gene, and tightly 

regulates transcription. Subsequently cells carry out differentiation using these molecular mechanisms together with NGF 

factors (Annibali et al., 2012). 

Transcription of miR9 and miR103 are 

only carried out in neural tissues (Maruyama et 

al., 1999; Schoenherr and Anderson, 1995). 

Gene, encodes for miR9 contains miR9 1,-2 

which are induced by RA; but miR9 -3 loci does 

not respond to RA (Laneve et al., 2010). 

However, expression of miR103 is ubiquitous 

(Annibali et al., 2012). Promotion of neural 

differentiation is important in stem cell treatment 

where differentiation process is actively 

controlled. However, differentiation in to specific 

neurons has not yet been clearly understood. In 

producing therapies for diseases like Parkinson 

disease where dopaminergic neurons degenerate, 

it is important to identify the clear molecular 

mechanisms and target molecules that can be 

used to induce the differentiation of 

dopaminergic neuron reservoirs. The ID2 

inhibition by miRNA may be a useful asset in 

such efforts.  

Retinoic Acids in Removing Oxidative Stress 

Oxidative stress by accumulation of Reactive 

Oxidative Species (ROS) causes many 

neurodegenerative diseases; mainly Alzheimer's 

disease (AD), which is the most abundant 

neurodegenerative disease in the world (Lee et 

al., 2009; Smith, 1998; Sonnen et al., 2009; 

Smith, 2006; Kadigamuwa et al., 2015). Risk of 

AD gets higher with the age (Smith, 1998). Even 

though primary causes have not yet been 

understood, one of the candidate cause identified 

for neuro degeneration is oxidative stress by 

which accumulation of reactive oxygen species 

(ROS) (Smith, 1998; Kadigamuwa et al., 2015). 

The RA derived therapeutics for AD mainly 

target pre mature oxidative stresses (Sonnen et 

al., 2009; Smith, 2006). Parkinson diseases is the 

second most common neurodegenerative disease 

in the world, mainly caused by degeneration of 

dopaminergic neurons that are involved in mortar 

activity (Kadigamuwa et al., 2015). Even though 

major causes for PD remain ambiguous, many 

cytotoxic compounds specifically act on 

dopaminergic neurons have been identified. One 

of the cytotoxic compound is MMP+ which can 

readily penetrate through blood brain barrier and 

inhibit mitochondrial electron transport chain 

complex 1, causing accumulation of ROS 

(Kadigamuwa et al., 2015). Newly identified 

toxin 2’2 cyanine shows higher toxicity 

compared with MMP+ which also gets 
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accumulated in mitochondria. This also leads to 

accumulation of ROS species in the brain 

(Kadigamuwa et al., 2015). The ROS can 

actively interact with many pathways yielding 

diminutive functionalities (Jeffrey et al., 2006) 

and leads to induction of programmed cell death 

in neural tissues which results in high degree of 

neural degeneration (Lee et al., 2009). 

Retinoic acid derived therapeutics for AD 

mainly target pre mature oxidative stresses 

(Sonnen et al., 2009). Vitamin A and derivatives 

promise to reduce the oxidative stress in the 

brain where dietary intake of vitamin A, vitamin 

B, and β carotene, thereby drastically reduces the 

risk for getting AD (Sonnen et al., 2009; Smith, 

2006). Cytoplasmic concentration of RA carries 

out anti oxidation effects vividly where 

diminutive amounts of RA function as an 

antioxidant of which, high concentrations show 

pro-oxidant effects (Zanotto- Filho et al., 2008). 

There are several molecular events taking place 

in degrading ROS accumulated in neural tissues. 

Staurosporium is well understood molecule 

which can actively degrade levels of dismutase 

enzyme ultimately leading to accumulation of 

ROS species (Kiningham et al., 2008) as shown 

in Figure 4. 

The SOD-1 and 2 act as free radical 

antioxidants where they bind to different co-

factors (SOD-1 binds to Zn and Cu and SOD-2 

binds to MN) (Rahman, 2007). The apoptotic 

inducing signal is known to be a suppressor of 

glutathione where depleted glutathione will 

stimulate apoptosis by activating the transporter 

A dependent cascade reaction (Mytilineou et al., 

2002), subsequently producing Amyloid β (Aβ). 

This phenomenon will be discussed in detail 

under the section on suppression of amyloid beta 

by retinoic acid (4.3). Glutathione suppression is 

widely seen in degeneration of dopaminergic 

neurons in PD (Nalivaeva et al., 2012a) and SOD 

suppression is a common phenomenon in AD 

(Lee et al., 2009 ). Therefore, retinoic acid could 

be used as a promising therapeutic drug for most 

abundant neurodegenerative diseases. 

    

 

Figure 4: The Reactive Oxidative Species induced RA signaling. Due to Alzheimer's disease pathogenic conditions, cells 

undergo accumulation of high levels of staurosporium (Ahlemery and Krieglsteon, 2000) that can act on neural dismutase 

enzymes such as Mn superoxide dismutase (SOD-2), Zn superoxide dismutase and Cu superoxide dismutase (SOD-1) 

(Ahlemery and Krieglsteon, 2000; Ahlemeyer et al., 2001). Upon suppressed functionality of these enzymes cellular reactive 

oxygen species (ROS) can survive and get accumulated in the cells where they signal apoptotic signal pathway activation, 

leading the cells to undergo Programmed Cell Death [PCD] (Ahlemery and Krieglsteon, 2000).  But when cells are treated 

with RA, all-trance retinoic acids bound retinoic acid receptors can undergo phosphorylation activation and bind to retinoic 

acid receptor elements of cellular Superoxide Dismutase genes (SOD-2 and SOD-1) that up regulate transcription of cellular 

dismutase enzymes (Ahlemeyer et al., 2001). This will result in regulating cellular dismutase enzymes to usual levels which 

can degrade ROS species and remove the cellular stressed conditions and escalate cell survival (Kiningham et al., 2008). 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman%20K%5Bauth%5D
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Suppression of Amyloid Beta by Retinoic acid 

Amyloid β is a small peptide which has a direct 

connection with neuro degeneration and it is a 

well-studied oligomer in neurodegenerative 

diseases (Nalivaeva et al., 2012a; Miners et al., 

2011; Nalivaeva et al., 2008; Nalivaeva et al., 

2012b; Koryakina et al., 2009; Morishima et al., 

2001) even though few good functions of Aβ 

have been identified such as synaptic 

transmission (Turner et al., 2003). Elevated 

amounts of Aβ can result in pathogenic situations 

(Nalivaeva et al., 2012b; Koryakina et al., 2009; 

Morishima et al., 2001). Understanding 

molecular mechanisms coupled with the 

production of Aβ and Aβ related pathogenesis is 

really important in deciphering 

neurodegenerative diseases such as AD. Over the 

past decade, the major concern for therapeutic 

drug target has been the reduction of Aβ levels in 

neurons (Miners et al., 2011; Nalivaeva et al., 

2008; Nalivaeva et al., 2012b). The Aβ liberation 

from the Aβ precursor protein (APP) is tightly 

regulated as excess Aβ accumulation causes 

adverse cellular effects, subsequently activating 

PCD (Nalivaeva et al., 2012a). Few of the major 

precursor molecules involved in Aβ production 

are γ and β secretase which lead to the 

accumulation of Aβ causing cell to apoptosis 

(Koryakina et al., 2009). One way of inducing 

apoptosis is by inducing the production of Fas 

ligand. In the cortex, excess accumulation of 

Amyloid β induces the activation of c-Jun N-

terminal kinase (JNK) (Morishima et al., 2001). 

The JNK kinase then turns on c-Jun transcription 

factors by phosphorylation. Latter factors binds 

to promoter regions of genes activating them to 

produce FAS ligand (Morishima et al., 2001) 

which can bind to its Fas receptor in cell 

membrane and activate apoptosis (Waring and 

Müllbacher, 1999). In addition, production of 

ROS also has a correlation with Aβ when 

mitochondrial cytotoxins have elevated the levels 

of Aβ (Leuner et al., 2012). 

Inheritable components related to late AD is 

tightly regulated by RA (Lee et al., 2009). For 

example, beta site amyloid precursor protein-

cleaving enzyme (BACE) (Satoh and Kurod, 

2000), precursor protein such as AβPP (Hung et 

al., 1992) and the products of presenilin (PS) 1 

and 2 genes (Hong et al., 1999). These molecules 

promote production of high Aβ levels, hence 

accommodates neural degeneration.  Reduction 

of neural Aβ levels as a therapy for late AD 

pathogenesis by restricting above genes has been 

studied (Lee et al., 2009). Restriction of the 

above genes will reduce the release of Aβ from 

AβPP by discouraging the cleavage.The A1 

protein / ATP-binding cassette transporter A1 

(ABCA1) is a major regulatory molecule 

affecting cholesterol flow and it is highly 

expressed in brain tissues maintaining membrane 

fluidity (Hong et al., 1999). Previous studies 

proved that APP towards cleavage 

amyloidogenic pathway occurs in cholesterol 

dense areas known as lipid rafts (Wahrle et al., 

2002). The APP molecules can be collectively 

cleaved by β secretase and γ secretase removing 

sAPPβ domain and CT99 domain respectively. 

Net cleavage of APP will result in removing Aβ 

peptide from the membrane (Cárdenas-Aguayo et 

al., 2014). However, α secretase pathway can 

carry out cleavage yielding sAPPα and CT83 

domains of APP (Cárdenas-Aguayo et al., 2014). 

The ABCA1 can alter membrane fluidity by 

dissolving lipid raft, which subsequently 

suppresses the function of Aβ and γ secretase and 

foster non amyloidogenic pathway by α secretase 

(Fassbender et al., 2001). It is important to 

understand the genes transcribing for secretase 

enzymes and mechanisms of gene regulation to 

develop RA based therapeutics. Some regulatory 

mechanisms involved in depletion of 

concentrations of secretase enzymes, governed 

by ATRA have been identified (Koryakina et al., 

2009). Therefore, RA is proven to be an effective 

molecule in reducing and regulating Aβ levels 

thus turning down the genes responsible which 

can also be used as a therapeutic target. 

However, it is not possible to shut down the 

whole gene at once as normal Aβ levels have 

specific functions in adult neurons (Turner et al., 

2003). The cellular Aβ detection mechanisms by 

RA remains unclear; however in order to produce 

effective drug targets, it is essential to clarify 

some of these mechanisms. One of the well 

understood mechanism in reducing levels of Aβ 

is through transcription activation of A1 protein 

as shown in Figure 5.  

Retinoic Acid towards Stem Cell proliferation 

and Production of Nerves 

Neural degeneration by a disease can have 

drastic effects on other body tissues as neurons 

have a paltrier ability to regenerate or to repair 

(Calza et al., 2003). This has been one of the 

major short comings of producing drugs to 

reverse the effects neuro degeneration.  When a 
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nerve damage occurs in the scar area, new 

astrocytes and some other cells are proliferated 

as a wound healing process (Kernie et al., 2001). 

Nevertheless the degenerated tissue is not 

replaced as immature nerve cells die before 

maturation (Arvidsson et al., 2002). Main 

governing factors for this inability for 

regeneration can be the hostile micro-

environment, stem cell molecular mechanisms 

and inactive survival mechanisms or the type of 

lesion (Calza et al., 2003). Novel studies have 

shown that Neuron Growth Factor (NFG) and 

RA collectively aid the regulation of neural cell 

differentiation and juvenescence in the early 

growth stages of the human body (Bai et al., 

2007; Zhang et al., 2010; Holst et al., 1997). 

Gene activation of RA towards stem cell 

differentiation can reverse the effects of neuro 

degeneration. One of the mechanisms proposed 

was activation of phospholipase A 2 (PLA2) 

pathway enabling the differentiation of 

proliferating stem cells (Lee et al., 2009; Quadro 

et al., 2005). The PLA2 is activated by 

phosphorylated ATRA-RAR complex and binds 

PLA2 gene and transcribe two isomers; Ca
+2

 

independent PLA2 (iPLA) and cyatasolic PLA2 

(cPLA2) (Farooqui et al., 2004).  The cPLA2 

binds to Ca
+2 

and gets activated (Farooqui et al., 

2004; Abe et al., 2003). Both of these molecules 

actively contribute to the production of 

arachidonic acid which is a strong effector 

molecule associated in many pathways (Lee et 

al., 2009). It produces leukotriene-A4 molecules 

which are catalytically converted to leukotriene-

C4 by leukotriene-C4 synthase (LTC4S) enzyme. 

Leukotriene-C4 is the main effector molecule 

that governs stem cell differentiation in this 

pathway (Farooqui et al., 2004). In terms of in 

vivo drug targeting to produce correct type of 

neurons, has not yet been achieved even though 

many in vitro studies show the effects of neural 

specific differentiation (Farooqui et al., 2004). 

The PLA gene activation in pathogenic and 

nonpathogenic conditions and associated 

molecular pathways are shown in Figure 6.

 

 

 

Figure 5: The RA induced Transporter A-1 cascade mediated Amyloid β demolition. 9-cis Retinoic Acid produced in the 

cellular level incorporates with genes responsible for the production of transporter A1 (Lee et al., 2009). The A1 protein 

involves in a cascade of reactions binding with Apo A-1 ligand in order to act on amyloid β precursor protein by 

destabilizing protein molecules in the C-terminal fragment (Koldamova et al., 2003). This will result in the inhibition of β 

and γ secretase, induce α secretase pathway and reduce the production of amyloid β. 

http://www.jbc.org/search?author1=Radosveta+P.+Koldamova&sortspec=date&submit=Submit
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Figure 6: Schematic diagram showing PLA2 signaling pathway and duel role arachidonic acid in both stem cell 

differentiation and disease development. Excess production of arachidonic acid in diseased situations leads to the production 

of Aβ causing apoptosis (Lee et al., 2009; Amtul et al., 2012).  

Arachidonic acid (AA) is an important 

molecule in the cellular inflammatory pathway 

and very important in understanding molecular 

mechanisms of inflammatory action. 

Inflammation is a major symptom in many neuro 

degenerative diseases (Amtul et al., 2012). The 

AA is a novel study area of PD pathogenesis as it 

enhances the accumulation of Aβ by suppressing 

the peptidase activity of Aβ peptidase (Amtul et 

al., 2012). 

Post natal maintenance of newly generated 

nerve cells must be an essential factor in keeping 

cellular plasticity in the environment. In order to 

survive in the hostile environments in neural 

blastema, the cells must arrest apoptosis. Except 

for the programmed cell death inducing signals 

produced by pathological conditions, growing 

stem cells produce apoptotic signals due to harsh 

environmental conditions (Calza et al., 2003). 

Retinoic acid is a key player activating anti-

apoptotic signals by accumulating pro survival 

molecules in to the cell (Blum and Begemann, 

2012). Most of these molecules are cellular anti 

apoptotic factors which ensures the survival of 

the growing and differentiating neurons in hostile 

environments. One such pro survival factor is 

Bcl which is activated through RA dependent 

molecular pathway (Blum and Begemann, 2012). 

In order to survive in hostile environments, this 

is an essential factor in post natal maintenance of 

pluripotent stem cells. Extrinsic stem cell 

treatment can also be carried out in added 

amounts of RA ensuring survival while 

activating cellular morphogenesis and shaping of 

the tissue. 

CONCLUSION 

Vitamin A is an essential nutrient among dietary 

components. The vitamin A metabolism in adult 

animals causes retinol formation which further 

converts to various isoforms of RA which is 

responsible for the regeneration mediated body 

responses such as mitogen activity and body 

tissue morphogenesis. It also plays a regulatory 

role by gene activation to balance the levels of 

various molecules that can exclude pathogenicity 

due to various intrinsic harmful molecular level 

destabilizations and carry out post natal 

maintenance of immature cells. 

As RA can act as a powerful mitogen, it 

can be used as a therapeutic drug to treat the 

pathogenesis of neurons. The limited capabilities 

of neural regeneration could be overcome 

through assigning RA and its isoforms to act as 

powerful mitogens. The limited amounts of 

neural stem cell pools can be induced to go 

through differentiation under the influence of 

RA. Through administration of RA to the neural 

stem cells, rapid neural differentiation can be 

achieved. The RA can be used against 

accumulation of ROS to fight against disease 

pathogenesis. The ROS are one of the major 

molecules that act on the apoptosis of neurons. 

Up regulation of superoxide dismutase enzyme 
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levels can stabilize ROS levels at a “non-threat” 

rate, thus it can be used as a promising treatment 

in Parkinson Disease. The Aβ production due to 

β and γ secretase is a widely understood 

phenomenon in AD that results in 

neurodegeneration, and RA induced non β 

amyloidogenic pathway can be used to reduce 

the risk of having AD.  Retinoic acid is a strong 

gene activator that reduces the effects of hostile 

conditions made by neurodegeneration, and 

therefore it is possible to use it as a very 

powerful therapeutic drug for neurodegenerative 

diseases. However, the current understanding of 

correct isoforms of RA that need to be delivered 

and drug delivery systems is insufficient to 

implement RA as a treatment. 
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