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Abstract:

Current development in stem cell research ultiyatelolutionizes the way drug discovery and develept will be
directed in the future and also paves the wayrfoovative cell based therapies in regenerative civegli The unique
and exquisite feature of both embryonic and adathscells can be harnessed to continually deriveamsomatic cell
typesin vitro which otherwise is difficult to generate from atteources. Recently, enormous attention has been
directed towards the identification, generatiorarelsterization and application of hESCs-deriveslisprecursor cells.
Such potential resources and strategies providaratipled opportunities in disease modeling, drisgalery, drug
development, toxicology, safety assessment, ant replacement therapies. This review illustratedartying
mechanisms by which stem cells are being explditedarious chemical compounds to generate potecgiaimodels

for both biopharmaceutical research and regeneratiedicine. Here we also summarize various stregegnd
differentiation techniques for dissemination ofnsteell populatiorex vivo.

Key words: embryonic stem cells, adult stem cells, differeidig drug discovery and development, biopharmacalut
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1. Introduction

Drug discovery in the biopharmaceutical industrgagalyzed by increasing numbers of identified
potential drug targets since the advent of humamoige sequencing project. Despite a large
number of discovered novel drug targets, clinicgihoven drugs available for the human
disorders are abysmally low. In particular, therent trend is such that even for those low
numbers of successful drugs do not have uniquetgrgiostly having common proteins, genes,
or pathways as targets. For instance only 43 npwaleins were targeted by more than 100
popular drugs or new molecular entities (NMEs) @2 Indeed, a surprisingly small number of,
typically not more than 3, novel host targets eréipeutic proteins could be commercialized each
year by the entire pharmaceutical industior drug discovery and development against human
disorders, various animal cell models are exploitedarious stages such as target identification,
target validation, lead optimization, drug candidaklection, library screening for early hits,
leads, pharmacokinetic, and toxicological analysis.
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One of the major obstacles hindering the drug ageental process is lack of screening systems
based on normal human functional models. It is swoprising that many clinically approved
compounds after trials fail at patient therapy doecither their inefficiency or unanticipated
toxicity or side-effects arising during clinical gmtice. Conventionally, biopharmaceutical
research relies on animal cells or immortalized &nroell lines representing human system to
test drug efficacy or toxicity. From target ider#tion to library screening, lead optimization
and drug selection, various functional assays aneucted for drug discovery and development.

In order to establish valid functional cell deds, cell cultures derived from tumor cell lines
are transformed to simulate human proteins whictuin could be exploited as drug targets. In
particular, an accurate report on the metabolie faft a given drug is a prerequisite during
pharmaceutical drug development process. Althotigdse functional cell models are robust and
reproducible, they still fail to represent or mininee human cellular system, posing an enormous
challenge to precise and efficient drug discoverytiuman disordefsFor instance, the complex
functionalities of hepatocytes are not reflectecahy currently availablen vitro model which is
metabolically competent. Tissue culture systemrefée alternative technique to isolate the cells
of interest. However, the major limitation is thiaey dedifferentiate quickly and possess only
limited cell divisionsin vitro. Hence, these problems are largely attributedmgerfect disease
models which do not faithfully represent the hurdé&eases. It is therefore not surprising that the
clinical outcome of pharmaceutical compound remdivg as animal models may not truly
representing or lack adequate similarities to thendn cell system. To circumvent these
problems, embryonic stem cells offer far reachimglications, allowing us to generate a variety
of fully differentiated cells, rendering an effinieand diverse tissue population for various
pharmaceutical research purposes on the road tpdiseovery®. This hES (human embryonic
stem) cell derived differentiated or dedifferergghtsystem not only rejuvenates cell therapy in
regenerative medicine but also paves the way fanmgful insights of underlying signaling or
regulatory pathways that regulate major cellulachagisms. In this review, we highlight current
challenges and future opportunities for stem oceflearch in drug development and discovery
process.

1.1. Therapeutic impact of embryonic and adult stem cells

It is apparent there are no simplistic chempeutic approaches available for most
debilitating disorders, such as degenerative deysrdcancers, and relevant tissue damage
disorders. This roadblock in the treatment drives emormous attention in the potential
application of stem cells. A defining charactedsif stem cells is their impressive self-renewal
potential with long-term differentiation capabiisf. Embryonic stem cells (ESCs) derived from
early embryo possess nearly unlimited self-renegegacity and developmental potential to
differentiate into virtually any cell types in anganism.

Due to their impressive self-renewal and ddferation potentials, embryonic stem cells
(ESCs) and adult stem cells hold great promiseeih and gene therapy applications in the
treatment of many disord&rs Embryonic stem cell technology provide a poténtiatform to
develop novel functional models by expanding plotémt stem cells and also converting the ESC
populations to generate large number of differémtiaprecursor cells of various tissties
Researchers demonstrate that adult or tissue sti® @an survive, migrate, differentiate,
integrate and reconstitute within the transplantegln system. Particularly, stem cells from
various developmental organs, including embryomeural, hematopoietic, and induced
pluripotent cell system were successfully trandglaror variety of clinical purposes.
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Interestingly, the differentiation of ESCs could decifically and systematically controlled in a
reproducible manner to perform various drug scressirsg normal differentiated human cells for
appropriate signal transduction systems.

Recent advances in the identification, isokat characterization andn vitro culture
techniques highlight the unprecedented potentiaterh cells to cure disorders. Translating these
potentials into clinical benefits encounters enarmohallenges, including efficient engraftment
of stem cells into desired tissue system, maimgitine genetic stability for long course of time,
and preventing the oncogenic potential during stethproliferation. Through their regenerative
capability, adult SCs are able to differentiat® irgsiding tissue to partially restore the function
Stem cell therapy principally involves introduciagiew cell into the damaged or diseased tissue
to replenish or rejuvenate the organ or tissueegysiThe ability of stem cells to self-renew,
proliferate and differentiate to form a functioyalompetent tissue offers a great potential to
replace the diseased or damaged ti$sidesencymal stem cells from fetal bone marrow, for
instance, are capable of differentiating into natyoosteogenic, adipogenic and endothelial
lineages, but also hepatocyte-like cells, chondesmymuscles, neural, and erythroid &ells
Interestingly, their regenerative and tissue repatential are not restricted to their local milieu
but also to tissues of distal organs via pro-infizatory cytokines and growth factors. Here, the
added benefit is that both autologous and allogesten cells have no immunoreactivity
problems in systemic administration and local tpdanstation, rendering stem cells as an ideal
choice to deliver the genes of interest in generaghe applications in various tissues.
Development of cell specific gene therapeutic apphes are now underway to cure various
diseases including premature aging diseases, dmbeatherosclerosis, hematopoietic,
cardiovascular, musculoskeletal,  gastrointestinalpulmonary,  urogenital,  ocular,
neurodegenerative and skin disordeBtem cells offer great promise in the treatmedntaiety
of diseases ranging from heamatological disordeascer, neuro, cardiac and nephrological
disorders. Current research is directed at explpithe adult and embryonic stem cell to treat
many disorders including cancer, Type 1 diabete8litose Parkinson's disease, Huntington's
disease, cardiac failure, muscle damage and neicaladisorders. Stem cell treatment remains
the only treatment modality for the cure of chrolyimphocytic leukaemia (CLL}. Stem cell
transplantation (SCT) remains the only treatmemabde of cure, but has traditionally been
associated with very high morbidity and mortalifor more than three decades, leukemic and
lymphoma patients were successfully treated bygubione marrow and umblical stem cells.
Stem cell therapy has an advantage over convehtradatherapy and chemotherapy
which could largely compromise normal hematopoieglts while killing cancer cells.

1.2. Differentiation screens

Recently, there has been enormous attentiafetelop methodologies to direct ES cells to
derive more specific and differentiated cell popola for developmental biology and
degenerative medicine purposes. In particularesctiee library to identify a novel compound to
sequentially disseminate ESCs in a controlled matmegield desirable differentiated cells in
tissue-culture environment. In a classical expeninJessells et al., demonstrates that a precise
gradient of extracellular components could dicth& transcriptions factors to tailor the specific
neural cell representing defined stage of neureéld@ment (reviewed if). Interestingly, ESCs
can be differentiated stepwise into each diffeegrdn level such as a neural progenitor fate then
early DA neural progenitor, followed by late DA men progenitor, and finally DA neuron.
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Similarly, ES cells could either be directed todree pancreati cells with initial endodermal
induction, then early pancreas, pancreatic endecidnd then maturp cells secreting insulin
(Reviewed ). Another intriguing study demonstrates that hurnard blood (UCB)-derived
multipotent stem cells regenerated the spinal etrthe injured site accompanied by improved
sensory perception and movement upon 5 weeksatetransplantatioi. The major advantage
of developing gradual differentiating method is ytheould represent precise target cell
population, thus allowing us to develop specifiagdr pertaining to the target cells by excluding
untoward toxicities or maximum therapeutic benefits

1.3. hESderived cardiac myocytes

The dissemination of cardiomyocyte precursomflESCs or adult SCs is invaluable for the
development of heart disease models and also cartilized for repairing damaged heart tissue
in situ. hES cells could be directed to establish a latgaber of cardiomyocytes for cardiac drug
discovery, development of novel therapeutics farhdiseases, cardiac safety assessment and
cardiac modeling.By screening a large number ofnobals, Takahashi and colleagues
demonstrated that the putative use of a small mtde@scorbic acid to enrich the cells with
cardiac phenotype which display spontaneous, rhigtlmontractile activity, along with presence
of cardiac genes such as sarcomeric myosin ana-algtinin, GATA4, alpha-MHC, and beta-
MHC. Similar screening process in a large combinatdiimary by Wu and colleagues
identified cardiogenol A-D as a potential differiating agent to derive more specific
cardiomyocyteS. Some differentiating compounds such as 5-azaydstidine are unique to
hES to differentiate into cardiomyocytes and fainmuse ES cell8 Studies also demonstrate
that both iPS and ES cell-derived cardiomyocytespldy cardiac functionality and the beta-
adrenergic and muscarinic signaling cascade respaloit them as an autologous cell source
for cellular cardiomyoplasty, and myocardial tissmgineering.

1.4. Hepatocytes derived from ESCs

At present, liver transplantation is the omifective treatment for severe liver disorder.
However, the liver transplantation therapy is selerlimited by shortage of donor
organs, operative damage, and the risk of immujsetien. This potential problem profoundly
catalyzes the demand for alternative approachds asicell therapies which offer restoration of
liver mass and function. Therefore, hESCs areabtaland have the potential to provide an
unlimited supply of replacement somatic cells, whfmossess significant advantages over their
adult stem cell counterpatis For last few years, embryonic stem (ES) cells tmmg widely
studied as a promising source of hepatocytes \Wiifr proliferative, renewable, and pluripotent
capacities.

Direct differentiation approaches use a twoenhsional tissue culture approach employing
extracellular matrixes, growth factors, cytokinasgd hormones to facilitate the formation of
three-dimensional structures termed embryoid bo(i#s) which consequently differentiate to
varying levels of hepatocyte-like cells (HL&S)In recent years, hESC differentiation to
HLCs has been modified with efficient and functibhepatocyte differentiation demonstrated by
several group&?% Recent study by Hay et al. demonstrates that ¥ist8ifferentially expressed
at critical stages of human liver development tonmote the clonal efficiency of hESCs
exhibiting functional hepatic differentiation vivo.
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Although there has been major progress infigdd, there is still the requirement to select
HLCs from other contaminating cell types and uraddhtiated stem cells in final cell
preparations. Recent reports offer significantlypioved yields of HLCs to be used in the
modeling of human liver development, disease, ptamation, and drug toxicology for cell
based therapies. There are other potential methwd#able to enrich the functional hepatic
progenitor cells. For instance, by using the flsosnt activated cell sorting (FACS) for the
asialoglycoprotein receptor method, human HLCsughoEBs which secreted functional human
liver-specific proteins observed in primary humaep#tocytes with human hepatocyte
cytochrome P450 metabolic activity Study using purified adult rat primary adult livetem
cells trans-differentiated into pancreatic endaeformone-producing cells when cultured in a
high-glucose environmefit These results indicate that these hepatic stéis @@ differentiate
in a non-lineage-restricted manner to trans-difféate into endocrine pancreas which could be
directed for future therapies of diabetes. Moreptlerse ESCs and derived hepatocytes could be
exploited for a variety of potential pharmaceutieggdplications. For instance, safety and
toxicology assessment, using ESC derived hepatcyte drug metabolism, usage of
differentiated cells to identify of surrogate biatkers, utilizing genotyping the ESCs for varying
responses to drugs due to genetic variations anexpore the underlying mechanisms
predisposition to disorders, employing transgemicnal models to process target validation and
drug discovery.

1.5. Neurons derived from ESCs

For the development of neuronal drug discovery ri®deis crucial to enrich derived neural
subtype cells from ESCs and optimize the specifituce conditions. For the treatment of
Parkinson’s disease, human neural precursor aalisl e successfully enriched to generate mid-
brain dopaminergic phenotype from GABAergic phepety™ In this, robustly generated
midbrain dopamine neurons from the hES cells wexploged in preclinical models of
Parkinson's disease. This experimental systenmo#ifles a renewable source of functional human
DA neurons for drug screening and development dfreplacement strategies for disorders
affecting the DA system and to explore the molecaiachanisms that control the development
and function of human midbrain DA neurons. Oneesptiél strategy by which ESCs could be
instructed to commit themselves to a particulagdige cell population is to express nurr-related
protein 1 (Nurrl) to enrich dopaminergic neuroren{s hedgehog homologue (SHH), FGF2 and
FGF8Y®°. Similar chemical screening of a large numberashpounds identified retinoic acid and
an activator of sonic Hedgehog signaling as difféaging agents for embryoid bodies generated
from ES cells to ultimately generate functional btor neuronS. Relevant differentiation
screening approaches were aimed at producing mtiezeditiated specific cell lines by using
chemical factors yielded desired cells at targhs ¢er specific disordef& 2°

1.6. Small molecular compoundsin stem cells

Several research groups have carried out chésgo@ening for small compounds to modulate
self-renewal in ES, neural stem and other aduthstells. Underlying mechanisms by which
certain small molecules regulate the self-renewatém cells have been explored to characterize
the molecular signatures of self-renewal and tceltgv potential therapeutics. Retinoic acid, for
instance, leads to alterations in HOX gene exppasduring embryogenesis and is a modifier of
the WNT-mediated signaling pathwas".
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Prostaglandin E2 (PGE2), a small lipid mediatmas also recently been shown to regulate
HSC self-renewal during embryogenesis and can eehBI$C engraftment, as measured by the
competitive repopulation studies in miteSelf-renewal can be augmented in stem cells
with self-renewal potential. HSCs can execute therseléwal programme, but the addition of
WNT3A, sonic hedgehog (SHH), arahgiopoietin-like factors or PGE2 carcrease the size of
stem-cell pool.

Some low molecular compounds such as ascabid, retinoic acid, 5-azacytidine and
glucocorticoids can remodel the adult tissues peet&lly through regulating adult stem cell
differentiation. For instance, 5-azacytidine is Wmoto induce mouse mesenchymal progenitors
to differentiaté®. Some cancer cells in dedifferentiated state ccdngl differentiated into less
potent cells. These drugs potentially target stegits cto differentiate by suppressing their
signaling molecules, and cell cycle mediators. Thiechanism paves the way for many
pharmaceutical agents such as imatinib (markete®l @vec; Novartis®) bortezomib Yelcade;
Millennium pharmaceuticald and geldanamycii  Although, the clinical therapeutic
applications remain to be validated, these smaleowar compounds offer a great platform to
mechanistic understanding of underlying stem cathways. Growing number of investigations
were successfully employed to screen small commouhdt largely influences differentiation
characteristics of ES cells.

For instance, a large combinatorial chemidakty was subjected to phenotypic cell-based
screen to identify diaminopyrimidine compounds ¢i@genol A-D) which selectively and
efficiently induce mouse embryonic stem cells (EQ@dlifferentiate into cardiomyocytgs It is
now increasingly evident that screening small makes to induce ESC differentiation provides
more opportunities to derive a variety of progenjiopulatiori®. By screening a focused active
2,4-disubstituted-pyrrolopyrimidines library, Dingt al. identified GSK-3 which could
differentiate neurons in both mouse embryonic ceria and ES cefl$

1.7. Dedifferentiation screens

Both differentiation and dedifferentiation of adwuhd embryonic stem cells are rapidly
transforming concepts, only partly understood asent. Hence, their defining characteristics and
the differences between them perhaps should reduiteer study. By screening a chemical
library of diverse compounds culminated in the ideation of a microtubule-disrupting
molecule, reversine was identified that directsrthyeeblasts to generate mesenchymal stem cells
that could ultimately differentiate into a largenmoers of bone and adipose cells. Recent study
demonstrates that cell-based screen of chemicahrids provides identification of small
molecules that control the self-renewal of ES cdllg using this screening method, SC1 an
uncharacterized heterocycle, was discovered whicbpggates murine ES cells in an
undifferentiated, pluripotent state under chemjcdifined conditions in the absence of feeder
cells, serum, and leukemia inhibitory factor.

This methodology potentially expands the numbklong-term murine ES cells to derive
primary germ layersn vitro and in vivo by down-regulating the RasGAP and ERK41 These
small compounds not only deliver therapeutic advges of stem cells, but also shed light on
novel insights into the underlying molecular medhans of stem cells.
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1.8. Induced pluripotent stem cell (iPS) cells

Induced pluripotent stem (iPS) cells disptdyripotent stem cell characteristics which are
artificially derived from adult non-pluripotent ¢gl by reprogramming their gene expression
patterns ex vivo. The generation of human Indudedrjpotent cells (iPS) from human somatic
cells revolutionizes the way how regenerative mediprogresses in recent years. Intriguingly,
differentiated cells can be reprogrammed to an gantic-like state by using a defined set of
transcription factors to reverse their lineage pgssback to a pluripotent state associated
with ESC-like phenotype. In a ground breaking stuBtwinya Yamanaka's group retrovirally
introduced four transcription factors: Oct 3/4, 3pog-Myc, and KIf4 in both mouse and human
fibroblasts to reprogramme the somatic é&lls This technology paved way for unparallel
opportunities in regenerative medicine as iPS oelldd differentiate into specific progenitor cell
types. As it circumvents the use of embryonic steifs, iPS technology offers a great alternative
for the source of differentiated human cells fdt tteerapeutics in regenerative medicine.

In past decades, gene therapeutic trialsnagajarious genetic disorders have not been
clinically successful, owing to the paucity and pqoality of adult stem cells in the
bone marrow of patients. Now, a combination of gitreeapy and induced pluripotent stem (iPS)
cell technology could deliver promising therapeuéipproaches for the various disorders
including fanconi Anemia (FA), cystic fibrosis, anther relevant human genetic diseases. In an
elegant experiment, defective genes in cells fratiepts were rectified using gene thefdpy

Those repaired cells were then reprogrammexinduced pluoripotent stem cell (iPS) cells
using a combination of transcription factors, OC38X2, KLF4 and cMYC. The resulting FA-
iPS cells were indistinguishable from human embiystem cells and iPS cells generated from
healthy donors, which successfully ameliorate F&ngtype. Importantly, stem cells aspirated
from the bone marrow of three CF patients weresfienied with Maloney murine leukemia virus
carrying CFTR gerfé The resultingex vivo co-culture system allows marrow stromal stem cells
(MSCs) to differentiate into airway epithelial cefind restores long term functionalities.

This suggests thak vivo gene therapy offers potential advantages sucleraers, reprogram,
and manipulate the cells before actually deliveritngm to patients. Similarly, induced
pluripotent stem (iPS) cells can be generated fropatients with type-1 Diabetes by
reprogramming their adult fibroblasts with threanscription factors (OCT4, SOX2, KLF2)
These derived cells, termed DiPS cells have thapgtent characteristic and therefore can be
differentiated into insulin-producing cells.

Interestingly, introduction of microRNAs (miFAN) — the unique posttranscriptional
modulators specific to embryonic stem cells proftilunenhances the production of mouse
induced pluripotent stem (iPS) cells. The miIRNARAO1-3p, miR-294 and miR-295 promote
the reprogramming efficiency by Oct4, Sox2 and Kt4ledifferentiate the somatic cells into iPS
cells’®. Further analysis of the targets of the miRNAaniified here may offer insights into the
reprogramming mechanism. Studies delineate thateteSCs specific miRNAs are highly
expressed in ES cells, where they accelerate thecyde transition. Various investigations
demonstrate that miRNAs regulate the pluripotent¥E8Cs such that genetic deletion of key
miRNA processing enzymes Diééiose their pluripotency and show defective diffeiation
perhaps via indirect down-regulation of Oct4, ReXdx2, and Nanog genes.
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Besides, murine ESCs with Dicer-deficient muta8Cs can be partially rescued by the miR-
290 cluster miRNAs that downregulate Oct4 indingétl Current studies are directed towards
delineating underlying mechanisms by which reprogréng machineries dictate the somatic cell
into pluripotent cell. A growing number of studiase now focusing on iPS cells derived from
various patients to offer novel interventions faffedent diseases, including Type | diabetes,
Parkinson’s, and Muscular Dystrophy

1.9. Sem cell mediated prodrug drug delivery

One of the potential problems associated wstem cell transplantation is adverse
inflammatory responses in host animal to contrattiettherapeutic benefits. To circumvent this
problem, recent study designs microencapsulatea sls in which genetically engineered
neural stem cells (NSCs) are delivered in a timatrodled manner. More interestingly, the
encapsulated system could also efficiently be @iogned to regulate the rate and extent of
proliferation and migration of the NSCs. Adult stesils could be exploited as potential targeted
drug delivery system for anticancer drug as thexetthe tendency to migrate to distal, diseased,
and metastatic cancerous tissues. In principlel-designed NSCs display both the ability to
differentiatein vivo in a controlled fashion and to sustain their seffewal, propagation and
expansion capabilities at the target sites. NSCeuldh be immortalized to avoid the
transformation into cancer stem cells. In thisysteells tender great advantage over other
therapies as traditional cancer therapeutics aiedancreasing difficulties to access the remote
and inaccessible cancerous sites in various tis§iggsinstance, human fetal primary stem cells
generate the tumor-targeting neural cell line, HB1C1, which were then programmed to secrete
a form of rabbit carboxylesterase (r¢E)which in turn activates an anti-cancer prodrug
Campto/Camptosar (irinotecan; Pfizer). This study also demonstratest administration of
modified NSCs followed byCamptosar profoundly enhances survival rate to almost 100% i
mice bearing cancer.

In particular, gene-directed enzyme prodheyapy (GDEPT) is based on the delivery of a
gene that encodes an enzyme which is non-toxis@ebut is able to convert a prodrug into a
potent cytotoxin. MSCs can be employed as a veliadProdrug gene therapy to deliver the
candidate genes encoding enzymes that convert xionpoodrugs into toxic anti-metabolites.
Human adipose tissue-derived mesenchymal stem(édlid1SC) with enhanced tumor tracking
properties provide an attractive opportunity fagtted transgene delivery into the sites of tumor
formation and also serve as a potential sourceutdl@gous stem cefi$>X In this system,
Cytosine Deaminase (CD), HSV-1 Thymidine kinase aatboxyesterase genes render
sensitivity to anticancer drugs 5-fluorocytosingG; ganciclovir (GCV) and camptothecin-11
(CPT-11), respectively. The potentiating effecpaddrug 5-FC observed in a recent investigation
by Kucerova et al. suggests that human adiposeetidsrived mesenchymal stem cells (AT-
MSCs) could be used as a cellular vehicle for CIRUORyene (CDy-AT-MSC) to suppress the
HT-29 tumor cellsn vitro®. Interestingly, engineered CD-AT-MSCs combinedwBtFC were
efficiently controlled human colon cancer xenoggatiwthin vivo.

Besides, this CDy-AT-MSC/5FC augmented tiistdnder effect and selective cytotoxicity
on A375 human melanoma, glioblastoma, HT29 colobAWB-361 breast cancer cells and
bladder carcinoma targets vitro. Similarly, AT-MSC (TK-MSC) expressing Herpes siew
virus - thymidine kinase (HSV-tk) could exert cyigic effect on tumor cells upon treatment with
prodrug ganciclovir (GCVY. AT-MSC (TK-MSC) displayed both bystander cytotoxiffect on
tumor cells and prodrug ganciclovir conversion-ragelil suicide effect on TK-MSC.
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This supports the idea that mesenchymal stem ceilkl be utilized for tumor-targeted cancer
gene therapy. Due to extensive tropism of neuehstells (NSC) toward malignant gliomas,
NSCs could target medulloblastoma and be usedcafidar therapeutic delivery system which
disseminates therapeutic agents to medulloblastoma.

The HB1.F3 cells (an immortalized, clonal hun®C line) were engineered to secrete the
prodrug activating enzyme Cytosine Deaminase (CGi)allowed to target medulloblastoma. In
this, CD enzyme converts non toxic substrate amgili agent 5-FC to antitumor agent 5-
fluorouracil (5-FU), allowing newly generated 5-Ftiffuse into target the surrounding
medulloblastoma cells and melanoma brain metastasdsl|s”. The results confirm the potential
clinical utility of these cells and the CD geneaasell-directed approach for enzyme-mediated
prodrug conversion in the field of molecular candeemotherapy.

2. Other relevant Phar maceutical applications

The use of embryonic stem cells for cell-replaent therapy in diseases like diabetes mellitus
requires methods to control the development of ipatiént cells. Cell therapeutic strategies for
long have been exploiting variety of stem cell tealbgies to gain major benefits. Though, there
are several strategies employed to generate paiccigat cells, only the strategy using forced
expression of PAX4 was successful in promotingdeeelopment of insulin-producing cells
vitro>>. Here, the constitutive expression of Pax4 infoesn ES cells to differentiate into
pancreatic lineage, which leads to the formatioristdt-like spheroid structures that produce
increased levels of insulin. By inhibiting the axtellular signaling regulator PI3-K, pancredtic
like cells were developed from mouse embryonic stetts. Although not identical to pancreatic
islets of Langerhans, these cells produced sigmiflg higher level of insulin, and displayed
glucose-dependent insulin releage vitro. They enhanced the circulating insulin levels,
controlled weight loss, improved glycemic contrahd dramatically rescued survival in mice
with diabetes mellitus. These observations dematesthat embryonic stem cells can serve as a
repository of insulin-generating tissue for celplexement therapy in diabetes mellitus. In co-
culture with endothelial cells, embryonic neuralogenitor cells (NPCs) show reduced
neurogenesis and elevated self-renewal. The adutahstem cells could even produce progeny
that exhibited an endothelial phenotype with enkdnbarrier properties. The co-culture of
endothelial cells, pericytes and astrocytes adbpt @natomical condition of the blood-brain
barrier (BBB) in vivo. This set-up can be used as a model of the BBBsttmly the
pharmacokinetics of several neurological drugs Wwhitypically transport across the
barrier®®’. Similar studies were directed to generate ES@isetk membrane model with ABC
efflux pumps to assess the membrane permeabilitervdin pharmacological agents.

3. Toxicity studies

Due to the limited availability of precise humanl aa tissue modelsn vitro, drug toxicity
investigations are preferentially carried out irhest animal models which typically lead to
inaccurate results or misinterpreted toxicologycoutes. To test carcinogenicity of various
genotoxic as well as nongenotoxic carcinogens, 8yeian hamster embryo (SHE) cell
transformation assay is the only available optiohiclwv often yields imprecise toxicology
outcomes. Although hindered by ethical roadblockthe past decades, many investigations are
now preferentially using either human or mouse gmlmells for embryo cell test (EST) Since

the advent of high-throughput screens during they dliscovery phase, a large number of lead
candidates are being selected for drug development.
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This catalyzes an enormous need for vitro alternative test models to determine the
pharmacokinetics and toxicology profile of composind the late- and/or early-development
phase. In particular, embryotoxic or teratogeniavnehemical entities (NCEs) could be
implemented for reproductive toxicology studies. ACVAM (European Centre for the

Validation of Alternative Methodsvalidated systef, embryonic stem cell test (EST) utilizes the
differentiating potential of murine embryonic stéE8) cells to test embryotoxicity vitro®.

4. Conclusions and futuredirections

Despite the fact there has been tremendousgs®dn our understanding of stem cells in the
past few years, stem cell therapeutics is stilbang field such that there are many intriguing
aspects of stem cells are still remain to be ehteidl to fully understand the therapeutic potential
of stem cells. Importantly, mechanisms by which loalecular compounds, signaling pathways,
and ex vivo culture conditions regulate stem cell behaviostid poorly understood. In this
context, unraveling the molecular mechanisms ainstells is a prerequisite to optimize their
therapeutic potentials in drug discovery and dgu@lent. Recent insights into the differentiation
of embryonic, adult, and induced pluripotent stegitscoffer great benefits but also raise several
fundamental questions in regard to their cliniggplecations. It is evident that major challenges
still remain in deriving potential hESCs by expilagt the iPS technology; how somatic cells fate
is reversed into lineage non-specific iPS stemscalid how stem cells reciprocate to certain
signals are yet to be answered. It is also fasogdab know how an organism drives stem cell
mobilization and their reestablishment at distabie organs in response to variety of stress
signals. Given that complex degenerative disorgensist despite the conventional therapies
further propagates our immense interest in theldpw@ent of novel strategies based on stem cell
therapeutics. Taken together, it is increasinglpaapnt that combinatorial, multifaceted, and
sophisticated approaches should be directed to rgaiie insights of the stem cells to develop
most-promising targeted therapies for various dlerdagenerative disorders.
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