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Abstract

For somatic cell medical care of chronic diseases, it's necessary to differentiate stem cells into the particular
lineage. There are a unit many growth factors that are used for differentiation of stem cells. Some issue protein}s will
dose-dependently induce differentiation of stem cells so the rise of growth factor concentration ends up in production
of the upper level of differentiated cells. However, because of the toxicity of some differentiation factors (e.g. retinoic
acid), the lower dose of growth factors for the particular lineage differentiation of stem cells is fascinating. This paper
suggests a brand new approach within the field of controlled protein delivery system victimisation semiconductor
nanocrystals; referred to as quantum dots (QDs). This method contains chemical compound microencapsulated
protein that is conjugated to close infrared (NIR) interesting QDs [1]. The management unharness of growth factors
from microcapsules within the culture plates are often achieved by irradiation. To modulate protein unharness in
response to stem cells wants for differentiation, the intensity and amount of irradiation are controlled. Our hypothesis
is predicated on the actual fact that QDs will absorb NIR energy and by excitation of electrons so undulation relaxation
of them become heated once they were irradiated so unharness growth factors. We have a tendency to believe that
controlled growth factors delivery through the instructed system is an efficient technique to scale back the quantity

of growth factors needed for differentiation of stem cells.
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Introduction

Stem cell medical care may be a new approach to repair
pathological tissues or organs. However, to realize therapeutic
effectuality, differentiation of stem cells into the particular lineage
before transplantation is commonly essential. To differentiate stem cells
in vitro, growth factors area unit used. the present common technique
for differentiation of stem cells has been supported time ideas wherever
the matter is meant to be same associate degreed an enough quantity
of growth factors is assumed to be contained within the medium.
However, attributable to motion of protein within the medium, solely
atiny low quantity reaches the cell receptors associated with biological
signal pathways. Therefore, notwithstanding an enormous quantity of
protein is intercalary to matter to induce differentiation, solely atiny
low fraction would be concerned in differentiation of stem cells.
Therefore, the prospect of protein binding to cultivated stem cells ought
to be maximized to boost differentiation [2].

Moreover, the utilization of a number of these growth factors
presents a big challenge due of their poor water solubility, short
half-life and probably virulent effects. RA induces a pan-neuronal
differentiation and also the cell population obtained when application
of this differentiation issue is comparatively heterogeneous. RA
applied to embryonic stem cells (ESCs) will induce concentration-
dependent differentiation of neural cells. Tested the results of various
concentrations of RA on the neural differentiation of mouse (ESCs).
In distinction, high levels of RA (2 x 10-6 M) shrunken the expression
of nesting whereas increasing beta-tubulin III and GFAP levels. These
results area unit per alternative studies demonstrating differentiation
of neural progenitors at high RA concentrations. However, RA may be
a sturdy agent and may be used at lower doses to forestall toxicity. It’s
been shown that protein free from a cell culture scaffold might bind to
receptors on the classy stem cells far more with efficiency than growth
factors intercalary to the matter. Protein delivery employing a cell
culture matrix might additionally probably scale back the quantity of
protein needed for somatic cell differentiation. Through this approach,

it'll be doable to own adequate optimized differentiated cells for somatic
cell medical care and regenerative drugs and overcome the matter of
donor cell and tissue shortage [3].

Material and Methods
Hypothesis

Conjugations of a protein like RA to an artificial cell culture scaffold
offers a localized unharness system for protein. Immobilization of RA
to the scaffolds ends up in terribly slow unharnesses. during this study,
we have a tendency to hypothecate a system of microencapsulated
protein conjugated to close infrared (NIR) interesting quantum dot
(QD), within which controlled unharness of growth factors from the
chemical compound microcapsules is triggered by NIR irradiation. The
energy of NIR radiation is within the undulation levels of atoms and
once a QD absorbs NIR, the negatron excited to the higher undulation
levels [4]. Then throughout to 10-13 second electrons come to previous
undulation level and unharness excess energy within the heat kind. Our
hypothesis is predicated on the actual fact that QDs will absorb NIR
energy and by excitation of electrons so undulation relaxation of them
become heated once they were irradiated so unharness growth factors.
this method will outwardly modulate unharness of growth factors
like RA and EGF in response to stem cells wants for differentiation by
management of the intensity and amount of irradiation. We expect by
victimisation this method and dominant of your time and quantity of
unharness, the lower levels of growth factors are needed (at physiological
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level) to induce lineage-specific differentiation of stem cells. The
property of unharness is reckoning on the kind of differentiation issue,
intensity and amount of NIR irradiation and also the alternative parts
of scaffold [5].

Evaluation of the hypothesis

To test this hypothesis, NIR-QDs (Cadmium-Selenide);
semiconductor nanocrystals with size-dependent absorption and
emission, are used. The surface chemistry of QD will regulate the
solubility of QD, for instance by addition of a layer of amphiphilic
molecules likewise as will functionalize QD. Since RA may be
a hydrophobic protein, initially step itll be needed to treat QD.
Then, crosslinking agents like 1-Ethyl-3-(3-dimethylaminopropyl)
carbodiimide complex (EDC) and suffocated N-hydroxysuccinimide
(sulfo-NHS) are used. So as to conjugate QDs and RA, phenylene
organic compound (PDA) is intercalary to the activated QDs and RA
resolutions Microencapsulation of QD-RA are performed by double
emulsion in solution of PCL and PLGA [6]. When laundry with
deionized water, the microcapsules are lyophilised. The morphology
of microspheres is examined with scanning microscopy. To avoid
accelerator degradation of the scaffold with matrix metalloproteinase
secreted by stem cells, it's necessary to use the artificial scaffold. The cell
culture plates are coated with PLGA containing QD-RA microspheres.
The dynamics of growth factors unharness following irradiation are
determined with HPLC. ESCs are cultivated on PLGA scaffold loaded
with the definite quantity of QD-RA microspheres. As a sway, stem cells
are cultivated with daily addition of a similar amounts of RA to the
matter. Somatic cell differentiation is determined victimisation neurite
reckoning and Western blot analysis of somatic cell markers expression.
To optimize growth factors concentration within the medium at the
doable lower level, intensity and amount of NIR irradiation are evaluated
as 2 freelance variables. The quantity of warmth are controlled by 2
mentioned variables and temperature of brooder, thus it might not be
virulent for the cells and have an effect on the structure of medicine [7].

Discussion

For the past decades, technologies are developed to outwardly
trigger the drug unharness per physiological wants. Semiconductor
nanocrystals (QDs), as another system for drug delivery, became an
important tool in medicine analysis, particularly for multiplexed,
quantitative and semi-permanent light imaging and detection. One
in all the foremost vital rising applications of QDs seems to be drug
delivery. The essential principle for victimisation QDs arises from
their property which might absorb NIR energy and emit their energy
to unharness medication. The absorbed lightweight makes associate
degree electronic excitation doable within the material, deed the lepton
free within the physical phenomenon band. This electron is often
returning into the valence band and makes heat [8].

We explained RA during this study mutually of the foremost
studied growth factors within the current somatic cell differentiation
protocols. In previous studies, high dose of RA (50 uM) has been wont
to investigate neural differentiation of stem cells. Though higher doses
of RA will manufacture a high proportion of neural cells, RA may be
a sturdy agent and may so be used at lower doses to forestall toxicity.
We have a tendency to recently use a lower dose (1 pM) of RA to
induce neural marker expression in stem cells. However, it ought to
be mentioned that additionally one of RA may be a supraphysiological
dose and its virulent effects stay to be studied. we have a tendency to
believe that the present developed system supported NIR-active QD
can facilitate North American nation to decrease the concentration of

growth factors to physiological levels (e.g. the vary of 10-100 nM for
RA) to realize the specified specific lineage differentiation of stem cells
[9].

Conclusion

This hypothesis introduces a brand new approach within the field
of controlled protein delivery systems employing a novel quantum
dots. During this system, microencapsulated RA that is conjugated to
NIR interesting QDs are intercalary to cell culture matrix and also the
feasibleness of controlled unharness of protein from microcapsules
by external irradiation are evaluated. This method {may be could
additionally basis also} used for controlled unharness of not solely RA
for somatic cell differentiation however also for the opposite lyophilic
medication for numerous clinical applications. We have a tendency to
propose here a brand new approach within the field of controlled protein
delivery systems that contains chemical compound microencapsulated
RA conjugated to close infrared interesting quantum dots. The
management unharness of RA from microcapsules within the culture
plates are often achieved by irradiation. we have a tendency to believe
that this method can facilitate North American nation to decrease the
concentration of protein for lineage-specific differentiation of stem cells
[10].
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