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Stem Cells in Research

Due to the “stemness” property of stem cells, stem cell research sounds very attractive. By “stemness” one means the plas-
ticity to give rise to other cell types. Stemness, self-renewal and infinite proliferation potential of stem cells make them attractive
targets for translational research in the modern times for generation of new tissues and organs for therapeutic purposes. Indeed,
stem cell research involves looking into the genetic, epigenetic and other mechanisms related to stemness, infinite proliferation, and
self-renewal. Biologists around the globe are busy either answering the fundamental properties of pluripotent and adult stem cells
or cancer stem cells that could lead them to the ways of manipulating the stem cells for translation. In parallel, engineers/material
scientists are also working globally to design various bio/nano materials that could be combined with the stem cell manipulation
techniques for translation.

Of all the properties of stem cells that make them desirable candidates for translational research, stemness tops the list.
Hence, various researchers worldwide are looking into the possibilities for enhancing the stemness of stem cells using various nano-
materials and biomaterials. Scientists all over the world have worked extensively on the multilineage differentiation potential of
stem cells. Pluripotent stem cells have the ability to differentiate into all the lineages, while the adult stem cells have differentiation
abilities into restrictive lineages. Hence, with regards to, the enhancement of differentiation potential various innovative bioma-
terials and nanomaterials can be explored, experimented and validated. The undesirable property of pluripotent stem cells is their
teratoma formation potential. Hence, with regards to, the teratoma-forming potential, various nanomaterials can also be explored
and validated that can eliminate the teratoma-forming cells.

In the case of regenerative stem cells, various methods of encapsulation, scaffolding!!], or attachment of different nanoma-
terials is a right approach for enhancing various desirable properties, as well as, tissue engineering applications. Microengineering
for obtaining differentiated human pluripotent stem cells on a chip is one of the approaches to enhance the functional properties of
differentiated cells along with ensuring the microcirculation®. Contrarily, in the case of cancer stem cells (CSCs), nanomaterials
might be helpful especially while targeting such cells or else for imaging. Also, various methods of mimicking the in vivo extra-
cellular matrices using nanomaterials with a similar young modulus of elasticity provide stiffness and enhanced function to the
regenerative stem cells.

In case of CSCs, one important phenomenon that is responsible for cancer metastasis and relapse has been revealed as epi-
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thelial to mesenchymal transition (EMT) of CSCs. Hence, innovative nano-biomaterial that can reverse this EMT into mesenchymal
to epithelial transition (MET) could be a successful candidate in eliminating CSC population. Targeted killing of CSCs without
toxicity to normal cells can be another strategy for designing novel nano-biomaterial.

Stem Cells in Translation

Advancement of the stem cell research in the translational direction towards organ and tissue replacement, drug testing and
disease models are highly sought after. As far as the long-term goal of stem-cell research in translation is concerned, stem cells of
which majority are bone marrow mesenchymal stem cells have already been into clinical trials/ and some of them already in clinics
for addressing various disease conditions. Examples of such stem cell clinical trials registered in the NIH clinical trials registry
(www.clinicaltrials.gov) that are currently recruiting patients are autologous bone marrow derived stem cells for the treatment of ret-
inal and optic nerve disease/damage involving various diseased conditions of the eye such as retinal disease, macular degeneration,
hereditary retinal dystrophy, optic nerve disease and glaucoma (Stem Cell Ophthalmology Treatment study-SCOT). Autologous Ad-
ipose-derived stem cell study for safety and efficacy in chronic pulmonary obstructive disease (COPD) patients is another example
of such clinical trial under NIH clinical trial registry that is also recruiting patients.

For orthopedic conditions, it is important to have a combination of stem cells and a biomaterial. For example, a clinical trial
registered with NIH registry for the reconstruction of the jaw bone that uses a biomaterial and autologous bone marrow derived stem
cells is also currently recruiting patients. All the translational approaches using stem cell therapeutics need to address the generation
of stem cell niche thereby mimicking the in vivo situations. Various components of stem cell niche involve heterologous cell-cell
interaction for bi-directional signaling®®!¥, secreted and membrane-bound factors such as Wnt, SCF, Notch and chemokines directly
binding to the surface receptors thereby regulating cell fatel!-'], self-renewal and cell polarity, immunological parameters!'*!4 phys-
ical parameters!'>!”! and hypoxial'®2°,

Are Stem Cells Alone or in Combination with Nanomaterials and/or Biomaterials a Better Approach for Cell Cell Therapy?

Stem cells alone have been used for the amelioration of various diseases in animal models such as Parkinson’s diseasel!],
diabetes??, spinal cord injury®®® and much more. However, the downside of using stem cells alone for cell therapy purposes involves
the chances of dilution of the engraftment of such cells and need for repeated stem cell transplantations. As stem cells inside the body
occupy a cellular niche involving extracellular matrix (ECM), signaling molecules, immune environment, it is important to provide
the stem cells with in vivo like situations for cell therapy applications along with a sustained engraftment. ECM not only provides the
stiffness and support to the cell milieu but also maintains homeostasis by regulating the local pH, oxygen tension, concentration of
growth factor and receptors, thereby ensuring the survival of the stem cells against cellular stress and environmental factors. Hence,
while designing a stem cell-based cell therapy product, it is always advantageous to develop the entire milieu using a combination
of stem cells and ECM made of various biomaterials.

Innovative biomaterials need to be designed such that it these are biocompatible, have excellent mechanical properties,
should be superporous and able to integrate into the biological environment and immunologically competent. Hence, biomaterials
designed for specific cell therapy application will depend on the cell type and cellular niche. Various biocompatible biomaterials
include silk, collagen and alginate hydrogels?*.. Classes of hydrogels that can be harnessed for cell therapy applications are the ones
having excellent mechanical properties, stimuli-sensitive hydrogels and self-assembled hydrogels. Growth factor mediated assem-
bly of hydrogels®! can also be useful for the localized delivery and efficient engraftment of stem cells. Stimuli-sensitive hydrogels
can be used for triggering the activity of transplanted stem cells in the graft region depending on the local stimuli.

Composite nano-biomaterials can also be designed for enhancing the role of transplanted stem cells. Also, for CSCs, com-
posite nano-biomaterials can be used as drug delivery vehicles targeting CSCs.

Challenges in Regenerative Medicine versus Innovative Nanomaterials and/or Biomaterials

As prime criteria in regenerative medicine involves controlled differentiation, immune reactions, sustained engraftment
of stem cells and engineering complex structures, recent progress in the area of nanotechnology/biomaterials has led to the devel-
opment of such multifunctional bio-nanomaterials. However, controlling the microenvironment for sustained stem cell fate upon
transplantation of stem cell-loaded nano/biomaterial decides the therapeutic success of such novel nano/biomaterials in regenerative
medicine. Most importantly, interactions between stem cells and nano/biomaterials are not completely understood. Hence, the most
significant challenge is the critical evaluation of the effects of the shape, surface morphology and chemical functionality of nano/
biomaterial on stem cells.

Another challenge is the minuscule nature of the nano/biomaterial and possible induction of toxic properties of stem cells
upon stem cell loading. Hence, ensuring the safety in regenerative medicine application using stem cells and nano/biomaterial needs
to be well addressed before using such tools in the clinics. Safe injectible hydrogels are one such option in regenerative medicine®.

Conclusions

As designing of nano/biomaterial is mostly carried out by the material engineers, there needs to be a great understanding of
the biology before using them for regenerative medical applications. The biggest advantage of designing novel nano/biomaterial is
their flexibility in design, as most of them are prepared by chemical synthesis. Detailed understanding of nano/biomaterial stem cell
interactions will ensure appropriate design of novel nano/biomaterial for regenerative medicine and other applications in biology
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and medicine. However, rigorous in vitro and in vivo validation of novel nano/biomaterial is mandatory before recommending such
nano/biomaterial for clinical applications.
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