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Abstract: Introduction: Nanoparticles are the particles of 
nanometer size that are used in various applications while stem 
cells are pluripotent cells having capacity to proliferate and 
differentiate in desired manner. Interaction of nanoparticles with 
stem cells i.e. stem cell nanotechnology has opened the new area 
of research and application in medical sciences. Objective: In this 
review we aimed to search the pharmacological aspect of 
nanoparticles in stem cells. Method: We searched pubmed, 
medline, google scholar and other online as well as offline data 
base with key words of nanoparticle, stem cells, nanotechnology 
to find the information. Articles were further sorted out regarding 
the availability of content. Only those articles, which were 
available by open access either abstract or full paper or both were 
included in the review. Result & Conclusion: We conclude the 
stem cell nanotechnology is upcoming branch of study in 
pharmacology. Different pharmacokinetic and pharmacodynmic 
aspect of nanoparticles as nanodrug has to be explored before 
using them on wide scale. These data warrant the establishment of 
new area of studies i.e. Stem Cell Nanophrmaceutics to deal with 
nanodrugs.  
Key Words: Nanoparticle, Stem cells, Nanotechnology. 
 

1. Nanoparticles  
Every person ingest more than 10 million 
nanoparticles every day[1].They are physically and 
chemically different from their parent material either 
in molecular form or in bulk in following manner[2] - 
High surface to volume ratio, Surface tailorability, 
Improved solubility, Multifunctionality, High 
electrical and heat conductivity, and Improved surface 
catalytic activity Nanoparticles have four basic 
unique effects i.e. surface effects, quantum size 
effects, small size effects, and tunnel effects[3-4]. 
2. Types of Nanoparticles 
Nanoparticles are classified into two categories on the 
basis of their origin –  

2.1. Carbon-based materials, such as fullerenes 
and carbon nanotubes i.e. polymeric 
nanoparticles (such as polyglycolic acid,  
polylactic acid, chitosan, and gelatins), 
liposomes, dendrimers, nanotubes and 
nanocrystals[5]. 

2.2. Inorganic nanoparticles including  
2.2.1. Metal oxides (eg, cerium oxide, iron 

oxide, titanium dioxide, and zinc 
oxide,),  

2.2.2. Metals (iron, silver, and gold) and  
2.2.3. Quantum dots (cadmium selenide and 

cadmium sulfide). 
These Nanoparticles are of different shape that 
integrated into larger systems at nanoscale to form 
nanomaterials [6]. 
 

3. Stem cells  
Stem cells are unlimited cell source in stem cell 
therapy. They are pluripotent cells present in blood, 
bone marrow, skin, muscle, brain, liver, etc to 
maintain and replace the body cells [7-10]. They are 
classified as 

3.1. Embryonic stem cells (ESCs) - Evans, firstly 
reported the isolated ESCs in 1981. They are 
pluripotent and may differentiate into all 
three primary germ lineages, raising hopes 
for stem cells-based therapy for degenerative 
diseases and human injuries[11-12]. 

3.2. Especially induced pluripotent stem cells 
(ips) – They are controllable man-made stem 
cells, established in 2007[13-15]. 

3.3. Adult stem cells - They are not pluripotent 
but multipotent, which differentiate into 
limited cell types only[16-17]  

Mesenchymal stem cells have been researched most 
due to their differentiation ability into various 
connective tissue as well as other tissues [18]. 
Although different adult tissues including adipose 
tissue, amniotic fluid, dental pulp, liver, muscle, 
placenta, and umbilical cord blood may provide MSC, 
they are mainly obtained from bone marrow. In bone 
marrow their concentration is up to 0.01%, isolated 
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easily and cultured up to 40 times within ten weeks 
[19]. 

 

4. Isolation of Stem Cells  
Isolation of stem cell from multiple type cell mixture 
is challenging. MNPs labeled stem cells are isolated 
by flow cytometry or magnetic force in cost effective, 
fast, and easier way [26]. 
 

5. Nanoparticles and stem cells 
Nanoparticle interacts with biological system at 
molecular level more selectively as compare to 
conventional pharmacological drug to induce desired 
response with minimal side effects [20]. Biomolecule 
i.e. antibodies, membrane receptors, nucleic acids, 
and proteins occurs at sub-nanometer ranges similar 
to nanoparticles, making use of nanoparticles possible 
in diagnosis and therapy [21].  

New era of upcoming research area is opened to 
study stem cell and nanoparticle interaction [22] i.e. 
regenerative medicine[23-24] as nanoparticles 
override the limitations of stem cell therapy of 
homing and fixing to desire site[25].  

 

6. Cellular uptake of nanoparticles in stem 
cells 

Nanoparticle uptake by stem cells is depending on 
size, shape, type, concentration, and surface 
modification of the nanoparticles. Stem cells utilize 
different endocytic mechanisms (Clathrin-dependent 
endocytosis, Caveolae-dependent uptake Non-
clathrin/non-caveolae endocytosis, Phagocytosis, 
Macropinocytosis) or receptor mediated mechanism 
for the uptake [27].  

6.1. Uptake of Magnetic iron oxide cationic 
liposome nanoparticles [28] and 
superparamagnetic iron oxide was through 
endocytosis in human mesenchymal stem 
cells[18].  Iron-oxide-based MNPs, coated 
with biological polymers internalized or the 
attached to cell surface receptors.  Uptake 
was variable as per the cell types and particle 
coatings [29].  

6.2. Nanodiamond particles in stem cells were 
taken inside by clathrin-mediated 
endocytosis and macropinocytosis [30]. 

6.3. Mesoporous silica nanoparticles was taken 
by both clathrin- and actin-dependent 
endocytosis into human bone marrow 
mesenchymal stem cells[31]. It was 
concentration and time dependent with short 
incubation period[32]. Dynamic 
polymerization of actin filaments was crucial 
and its inhibition by cytochalasin D 
decreased the uptake[33]. Silica 
Nanoparticles conjugated with chimeric 

protein GFP-FRaTide (GFP – biomarker, 
FRaTide – glycogen synthatase kinase 
inhibitor) was delivered in human embryonic 
kidney cell and rat neural stem cell via 
endocytosis. Successful inhibition of enzyme 
opened the hopes for intracellular delivery of 
function protein for signaling pathways and 
in vivo delivery options [34].  

6.4. Delivery of Quantum dots into cells is done 
by electroporation, endocytis, liposome-
mediated transfection, microinjection, and 
special peptide delivery[35]. After the uptake 
of quantum dots, there is cytoskeletal 
reorganization i.e. formation of lamellipodia 
with dense actin network within one day 
after exposure[36]. 

 

7. Nanoparticles inside stem cells  
Nanoparticles locate themselves at different sites in 
cell. For example 

7.1. In perinuclear region i.e. forming rings 
around the cell nucleus  

7.2. In cytoplasmic vesicles of stem cells  
7.2.1. Polystyrene nanoparticles in 

cytoplasmic extension pseudopods[1]  
7.2.2. Nanodiamond particles as single 

cluster[30]  
7.3. In lysosomes –  

7.3.1. Superparamagnetic iron oxide 
nanoparticles may be degraded to 
release free iron[37-38]  

7.3.2. Quantum dots initially escaped from 
lysosomal intake but later on all are 
inside the lysosome due to increased 
lysosome expression[35]  

 
8. Nanoparticles in biodistribution (i.e., in 

vivo tracking) of Stem Cells 
For stem cell research the major question is to control 
homing and temporal and spatial migration of these 
cells, their acceptance and functional capability in 
grafted site.  Tracking was done initially by 
histopathological studies, later on by cell imaging to 
obtain real time changes.  Stem cells are labeled with 
fluorescent dyes, reporter genes or contrast genes for 
cell imaging i.e. supermagnatic iron oxide labeling is 
done in MRI. 

To maximize the therapeutic benefits and minimize 
side effects, Stem cells should be delivered to target 
site in sufficient amount with less number to 
untargeted sites. Tracking of stem cells is must to 
understand the mechanism to tissue repair in field of 
developmental biology and tissue regeneration. 
Reliable cellular imaging techniques are needed to 
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track density, distribution, proliferation, and 
differentiation of grafted stem cells[39].  

Nanoparticles like quantum dots, MNPs, gold 
nanorods, mesoporous silica nanoparticles, 
superparamagnetic nanoparticle iron oxide and light-
emitting semiconductors with special physical 
properties are used as Inorganic probes[36] for 
imaging and tracing of stem cells[40- 44] 

QDs may be designed as multi-functional 
nanoprobes, modifiable with different biomolecules 
(liposome, PEG, peptides, or antibody), having own 
specific functions and used for gene or drug delivery, 
molecular imaging and tracing[45], cellular 
imaging[46] etc. Quantum dots conjugated with 
mortalin protein to form i-QD composites, which 
were internalized by mesenchymal stem cells (MSCs) 
to form labeled MSCs cells. These i-QD labeled 
MSCs differentiated in vitro and in vivo to normal 
adipocyte, osteocyte, and chondrocyte, suggesting in 
vivo application in diagnostic imaging and tracing of 
stem cells [40].  

Superparamagnetic iron oxide nanoparticles (SPIO) 
have been used for molecular imaging and tracing of 
stem cells,[43-44] stem cell labeling, MRI, and 
tracking of transplanted stem cells[47]. Fluorescent 
molecules linked to dextran-coated iron oxide 
nanoparticles, labeled HSCs to monitor the 
engraftment process. It eliminated spurious signals 
from nonsequestered  nanoparticle contaminants[48].  

Surface modification with poly-L-Lysin (PLL), D-
mannose, or polydimethylacrylamid (PDMAAm) of 
MNPs resulted in better labeling efficiency as 
compare to dextran-coated SPIO. 
FluidMAG nanoparticles (ferrofluids with aqueous 
dispersion of magnetic iron oxides and a starch 
coating) were used for tracking of MSCs in breast 
cancer and lung metastases[29].  

Iron oxide nanoparticles labeled embryonic stem 
cells and bone marrow mesenchymal stem cells were 
administered intracerebrally or intravenously in rats 
with spinal cord or cortical lesions. Grafted cells were 
migrated to lesion site within one week and were 
visible as a hypointense signal on MR images for 
more than a month. Their studies demonstrated that 
MRI of grafted stem cells labeled with iron oxide 
nanoparticles is a useful method for evaluating 
cellular migration toward a lesion site [23,49].  

Feridex-labeled neural stem cells originated from 
bone marrow stroma cells of the rhesus monkey were 
autografted into the striatum. In brain, they were 
survived, differentiated and tracked reliably using 
MRI [50]. 

Superparamagnetic nanoparticle iron oxide labeled 
human mesenchymal stem cells were injected intra-

articularly articular cartilage repair and tracked 
successfully with MRI[18,51].   

Mesoporous silica nanoparticles are preferred for 
stem cell tracking due to better internalization, 
biocompatibility and durability. Silica coating and 
polyethylene glycolation of magnetic ferrite 
nanoparticles provide further stability and 
biocompatibility[32]  

Gold Nanoparticles based surface enhanced Raman 
scattering were used to track differentiation in mouse 
embryonic cells. Gold Nanoparticles were delivered 
inside the cells and tracked by transmission electron 
microscopy and bright and dark field imaging. 
Multifunctional nanoparticle-labeled mesenchymal 
stem cells were tracked successfully in infarcted 
myocardium enabled us to monitor the fate of 
transplanted stem cells by MRI [52]. MRI has become 
the best for cell imaging modality for magnetically 
nanoparticle-labeled stem cells due to advantages of 
High spatial resolution with good anatomic 
background contrast, noninvasive method which is 
crucial to develop successful stem cell therapies, No 
exposure to ionic radiation, Cells may be followed up 
for months, Labeling is non toxic, Does not affect 
proliferation and differentiation [29, 24, 49, 53]. 

Disadvantages are – Rate of cell division is difficult 
to measure, Whether progeny cell have SPIO particle 
may not be measured, Some cells may lose 
differentiation capacity in concentration dependent 
manner, No difference in signals between alive or 
dead cell, Signals are received from labeled cells or 
macrophages cannot be determined. 
9. Effects of Nanoparticles on proliferation of 

stem cells  
Some nanoparticles may affect viability, morphology, 
and proliferation of stem cells while some may not. 

9.1. Mesenchymal stem cells – Single walled 
nanotubes (SWCNTs), multi-walled 
nanotubes (MWCNTs) and functionalized 
CNTs did not affect adipogenesis, 
chondrogenesis, or osteogenesis in 
hMSCs[54]. Mesoporous silica nanoparticles 
conjugated with fluorescein isothiocyanate in 
human bone marrow mesenchymal stem 
cells did not affect stem cell viability and 
proliferation[31-32] as silica nanoparticles 
escaped from endolysosomal degradation but 
they increase actin polymerization in 
mesenchymal stem cells[33]. Magnetic 
nanoparticles can be used to modify 
mesenchymal stem cells sufficient enough 
for clinical application[28]. Magnetite iron 
oxide cationic liposomes change fibroblastic 
Mesenchymal stem cells into polygonal 
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when incubated in osteogenic medium. They 
increase the cell proliferation up to five times 
with very high survival rate (97%–99%) 
pointing out no effect on stem cell 
viability[18,23,38-39]. Ferucarbotran 
nanoparticles promoted growth of human 
mesenchymal stem cells due to peroxidase 
like activity which decreased intracellular 
H2O2 and oxidative stress. Ferucarbotran 
released free iron from lysosomal 
degradation that accelerated cell cycle 
progression by altering iron on protein 
regulators[24].  

9.2. Neural stem cells – Superparamagnetic iron 
oxide contrast agent does not affect 
morphology, cell proliferation, and 
differentiation of labeled Neural stem 
cells[50].  

9.3. Embryonic stem cells – Embryonic stem cells 
were columnar and embryoid body-shaped at 
low concentration while fibroblast-like and 
less squamous at high concentration of 
polystyrene Nanoparticles. In embryonic 
stem cell, nanoparticles reduced viability and 
disrupt cytoskeletal development but have no 
effect on size of nucleus[1]. Single walled 
carbon nanotubes (SWCNTs) decrease cell 
proliferation, and cell adhesion in dose/ time-
dependent manner in human embryonic 
kidney cell line HEK293 cells [55]. 

 

10. Effect of nanoparticles on differentiation of 
stem cell 

Now, investigation of migration patterns, and 
targeting of particle-labelled cells to desired locations 
to initiate activation and differentiation of stem cells 
is possible [56]. Effects of properties and structure of 
nanomaterials on stem cell differentiation has 
developed as new interdisciplinary area in 
regeneration medicine and material science[57-58]. 
Superparamagnetic iron oxide labeling inhibits 
chondrogenic differentiation of in one study[59] while 
showing no effect on adipogenic, osteogenic, or 
myogenic differentiation in others[18,23,39]. On 
other hand, increased proliferation and osteogenic 
differentiation was seen with Naringin nanoparticles 
in (1–100 μg/mL) concentrations[60].  

In embryonic stem cells, calcium-handling 
properties of cardiomyocytes was unaffected by 
Superparamagnetic iron oxide labeling and direct 
injection into infarcted myocardium caused 
significantly improved cardiac output. Polystrene 
nanoparticles minimally affect differentiation and 
viability of embryonic stem cells [51].  

In human mesenchymal stem cells, Mesoporous 
silica nanoparticles have no affect on regular 
osteogenic differentiation[33] while In 
vitro osteogenesis was induced successfully in highly 
chondrogenic synovium[61]. 

In vitro as well as in vivo, Fibrin-polylactide-
caprolactone (PLCL) nanoparticles complex in 
Human adipogenic stem cells induced chondrogenic 
differentiation by upregulating chondrogenesis 
marker genes and significantly enhanced chondral 
extracellular matrix deposition[62]. 

In contrast, osteogenic differentiation and bone 
matrix mineralization is impaired in human 
mesenchymal stem cell by direct exposure to biphasic 
calcium phosphate particles i.e. calcium-deficient 
apatite particles due to the Ca2+ uptake from culture 
media [63].  

Stem cell differentiation is closely associated with 
their microenvironment. Regulation of stem cells 
depends on their interaction with a highly specialized 
microenvironment or niches [64]. The niche secretes 
appropriate chemicals to direct the differentiation and 
development of stem cells. A key challenge in stem 
cell microenvironment research is to develop an in 
vitro system that accurately imitates the in vivo 
microenvironment [65]. Nanotechnology can be 
utilized to create in vivo-like stem cell 
microenvironment to determine mechanisms 
underlying the conversion of an undifferentiated cells 
into different cell types[66]. A better solution is 
currently under investigation: growing the stem cells 
on a so-called “lab-on-a-chip”[67]. 

 

11. Effect of 3D Nanostructures in Stem Cell 
differentiation i.e. Tissue Engineering 

The differentiation of stem cells with conjugate 3D 
materials is currently hotspot in tissue engineering. 
Various micro-/nanofabrication technologies are used 
to develop stem cells into 3D biodegradable scaffolds 
[68-69]. 

These Nanostructured scaffolds trigger stem cells to 
develop specialized cell types depositing their own 
matrix. After degradation of scaffold, they developed 
as 3D tissue structure mimicking body’s natural 
tissues i.e. mouse neural stem cell in 3D motif[70]. 

 

12. Uses of nanoparticles labeled stem cells  
Magnetic nanoparticles (MNPs) for isolation and 
sorting[26], quantum dots for molecular imaging and 
tracing[40], nanomaterials i.e. carbon nanotubes 
(CNTs)[71],  fluorescent CNTs[72] and fluorescent 
MNPs[73], to deliver gene or drugs into stem cells 
have been used successfully. Superparamagnetic 
Magnetic nanoparticles (MNPs), i.e. magnetism-
engineered iron oxide nanoparticles have been widely 
researched for application in magnetic resonance 
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imaging (MRI)[43], hyperthermia[74], tissue 
repair[75], immunoassay[76], drug/gene delivery[77], 
cell separation  etc. Nanostructures were designed to 
regulate proliferation and differentiation of stem cells 
and their application in regenerative medicine. 
Regenerative medicine is application of stem cells in 
regenerating the tissues like cadiomyocytes, neurons, 
bones, cartilage and wound healing. Some of the uses 
given below: 

12.1. Uses in Nervous system-Nanofiber 
conjugated laminin and nerve stem cell 
differentiated on damage position and 
generated new neuron. Mouse paralyzed due 
to spinal cord injury similar to human cord 
injury due to traffic accident is regenerated 
on nanofibre scaffold[78] raising the hope of 
nerve regeneration for Parkinsons, apoplexy, 
cardiomyopathy and diabetes neuropathy 
too[79]. Nanofibres, developed as tissue-
engineered scaffolds promote adhesion of 
various cells. Surface modifications, 
including immobilization of functional cell-
adhesive ligands and bioactive molecules 
such as drugs, enzymes and cytokines are 
used to increase bioactive or therapeutic 
properties of nanofibrous scaffolds. 
Nanofibers prepared by needleless 
technology have been used as scaffolds to 
treat spinal cord injury[80].  

12.2. Uses in Cardiovascular system-
Nitric Oxide Combined with nanofiber 
delivery vehicles has created a novel NO-
releasing therapy i.e. self-assembling NO-
releasing nanofiber gels to prevent 
neointimal hyperplasia[81-82]. Endorem-
labeled GFP+ MSCs were grafted into 
experimental stroke model in rats[83]. 
Lesion was considerably smaller in grafted 
MSCs suggesting protective effect[84]. 

12.3. Uses in musculoskeletal system-
Rabbit bone marrow-derived mesenchymal 
stromal cells labelled with ferumoxide were 
injected and directed to Interconnected 
porous calcium hydroxyapatite ceramic via 
external magnetic targeting system  to 
evaluate subsequent bone formation. 
Enhanced bone formation may be translated 
clinically to treat fractures, bone defects, 
delayed union and nonunion[85]. 
Magnetically labeled synovium-derived cells 
(M-SDCs) with ferumoxides regenerated the 
articular cartilage which may be beneficial to 
repair human articular cartilage defects[86]. 
Rat bone marrow mesenchymal stem cells 
(BMSCs) were harvested and labeled by 

(SPIO) super paramagnetic iron oxide and 
(Dil) 1,1-Dioctadecyl-3,3,3,3-
tetramethylindocarbocyanine perchlorate 
particles. The transplanted BMSCs were 
observed by fluorescence microscope and 
traced by magnetic resonance (MR) imaging. 
Transplanted BMSCs promoted tendon-to-
bone tunnel healing and may be useful for 
earlier rehabilitation for ligament 
reconstruction surgery[87].  

12.4. Uses in wound healing-
Mesenchymal stem cells are excellent for 
cell and tissue replacement therapies like 
wound healing[32,88]. Embryonic stem cells 
(ESCs) are used in genetic, traumatic, and 
degenerative conditions due to preserved 
functional efficacy in vivo[89]. Biomimetic 
nanofiber scaffolds (NFSs) functionalized 
with rich attachment of bone-marrow-
derived mesenchymal stem cells (BM-
MSCs) can promote wound healing in acute 
full-thickness skin wounds (FTSW). 
Wounds closed early due to increased 
epithelial edge in growth and collagen 
synthesis[90]. Complete Skin regeneration is 
seen with locally injected nanosized rhEPO 
via combined expression of EPOR and 
βCR[91].  

12.5. Uses for Gene Delivery into Stem 
Cells- Efficient intracellular delivery is 
prerequisite to control stem cells. 
Electroporation and nucleofection have high 
delivery efficiency but may cause severe 
damage to stem cells[92]. Viral vectors 
successfully transfect and manipulate cell 
differentiation [93] but increased 
mutagenesis, immunogenicity, and the risk 
of toxicity preclude their preference. 
Therefore, polymeric nanoparticles are seen 
as most promising nanotechnology to 
convert laboratory results into clinically 
viable applications with stem cell[94-95] For 
example, (dMNTs) polyamidoamine 
dendrimer-functionalized fluorescent multi-
walled carbon nanotubes  entered into mice 
embryonic stem cell line efficiently[71,96] 
and markedly enhanced gene delivery with 
advantages of simplicity of use, and ease of 
mass production[97-99].  Protein-conjugated 
Carbon nanotubes CNTs can penetrate 
cellular membrane[100-101] and may store 
gene or peptide for delivery in stem cell[94]. 

Atomic force microscopy (AFM) and 
nanoneedle were developed to transfer gene 
into human MSCs and human embryonic 
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kidney cells (HEK293)[102].  CNTs are 
novel and emerging technology in gene or 
drug delivery, tissue engineering, and 
regenerative medicine. They may be used for 
development of nanovehicles and for 
creation of electroactive CNTs. Being 
electrically conductive CNTs have huge 
potential to manipulate MSC’s 
differentiation pathways to create 
electroactive cells i.e. heart [103-105]. Gene-
modified mesenchymal stem cells show 
superior characteristics of specific tissue 
differentiation, directional migration and 
resistance to apoptosis. Polyethylene glycol-
grafted polyethylenimine (PEG-PEI) is a 
valid gene delivery agent with better 
transfection efficiency in mesenchymal stem 
cells [106].  

12.6. Uses in drug delivery-In recent days, 
drugs are aimed to be given more and more 
targeted within cells and tissues on 
individual basis to minimize side effects. 
Ideally pharmaceutical agents should be 
delivered to their sites of action within the 
cell i.e. selective subcellular delivery[5]. The 
benefits of selective subcellular delivery by 
drug delivery systems based on nanoparticles 
are: 

12.6.1. Efficient encapsulation of the drug 
12.6.2. Successful delivery and release of 

drug to the targeted region of the 
body to maximize efficacy 

12.6.3. Improved bioavailability of the drug 
delivery at specific places in the body  

12.6.4. Drug action over prolonged period of 
time[107] due to altered 
pharmacokinetics and decreased drug 
clearance of drug 

12.6.5. Regulated drug release with 
minimum tissue damage[108].  

12.6.6. Human mesenchymal stem 
cell (MSC) is most promising to 
produce exosomes as drug delivery 
vehicle due to the ready availability, 
proliferative, immunosuppressive and 
clinically tested profile [109].  

Uses for Stem cell nanotechnology seem never 
ending. However, several obstacles must be overcome 
before their therapeutic application can become 
reality. It needs better understanding and controlled 
functions of microenvironmental signals and tracking 
of transplanted stem cells [110-113]. 

 

13. Toxicity of nanoparticles in stem cells 

Today Nanoparticles in stem cells is becoming an 
emerging interdisciplinary research area. 
Nanoparticles must be biocompatibile if desire to be 
used in biomedicine and has to be evaluated for their 
potential toxicity by uniform criteria’s [33]. Toxicity 
data of nanoparticles in stem cells are limited and 
molecular mechanisms of toxicity are still 
unknown[114].  Nanoparticles may induce cell injury 
by generating reactive oxygen [115] which may be 
concentration-dependent[114]. Toxicity of cadmium 
oxide in germ-line stem cells was evident within 48 
hours of exposure showing significant inhibition of 
mitochondrial function at 1μg/mL and necrosis at 5 
μg/mL concentration. 
Degree of cytotoxicity in nanoparticle-labeled stem 
cells varies as per nanoparticles[116]. Silver 
nanoparticles are most toxic due to oxidative stress 
imparted by them while Carbon nanomaterials 
induced cell death and impaired phagocytosis in 
alveolar macrophages[117].  

Hence, toxicity studies, pharmacokinetic and 
pharmacodynmic studies are critical to establish 
nanoparticles as reliable treatment modality[118]. 

 

14. Limitations of Stem cell Nanotechnology 
Further work at multiple centers is required to 
investigate the effects of different nanoparticles in 
directing stem cell behavior and should provide 
valuable information about the impact of 
nanoparticles in diagnostic and therapeutic 
applications. 

Nanoparticles have wide range of applications in 
the stem cell field, but information concerning the 
impact of manufactured nanomaterials on human 
health and the environment has to be sought before 
going ahead [114]. Many questions are seeking 
answer, in regard to Stem cell nanotechnology -   

14.1. The mechanism of interaction 
between nanomaterials and stem cells is still 
not known in detail. 

14.2.  How nanomaterials and 
nanostructures affect stem cells function is 
yet to be explored. 

14.3. How nanomaterials are metabolized 
inside stem cells, what are the 
pharmacokinetic profiles is yet to be defined. 

14.4. Problems in establishing functional 
interface between nanomaterials and stem 
cell have to be overcome. 

14.5. More and more information regarding 
mechanisms regulating nanoparticles on stem 
cell’s surface is also required.  

14.6. Utilization of current knowledge and 
principles to develop nanostructures for 
clinical application 
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14.7. Availability of high quality 
nanomaterials, their processing, 
characterization and tailoring is a great 
challenge facing by researchers 

 

15. Conclusion  
Nanotechnology uses Nanoparticles to design, and 
construct nanomaterials [119-120] involving their 
manipulation, modeling and imaging[121]. 
Nanoparticles are the particles of nanometer size that 
are used in various applications while stem cells are 
pluripotent cells having capacity to proliferate and 
differentiate in desired manner Stem cell 
nanotechnology is application of nanotechnology in 
stem cells research and development[122-123]. It is 
interdisciplinary and multidisciplinary branch of 
science combining various subfields of material 
sciences, engineering sciences and medical sciences 
[121]. Interaction of nanoparticles with stem cells i.e. 
stem cell nanotechnology has opened the new area of 
research and application in medical sciences.  

We conclude the stem cell nanotechnology is 
upcoming branch of study in pharmacology. Different 
pharmacokinetic and pharmacodynmic aspect of 
nanoparticles as nanodrug has to be explored before 
using them on wide scale. These data warrant the 
establishment of new area of studies i.e. Stem Cell 
Nanopharmaceutics to deal with nanodrugs. 

 

16. References 
[1] Tran DMD, Lin C, Ota BS, et al. Influence of nanoparticles 

on morphological differentiation of mouse embryonic stem 
cells. Fertil Steril.  87:965–970;2007. 

[2] Azzazy H, Mansour M. In vitro diagnostic prospects of 
nanoparticles. Clin Chim Acta.  403:1–8; 2009 

[3] L. Ao, F. Gao, B. Pan, R. He, D. Cui, Anal. Chem. 78, 1104 
(2006). 

[4] D. Cui, B. Pan, H. Zhang et al., Anal. Chem. 80, 7996 
(2008). 

[5] Faraji AH, Wipf P. Nanoparticles in cellular drug delivery. 
Bioorg Med Chem. 17:2950–2962;2009. 

[6] Ju-Nam Y, Lead JR. Manufacured nanoparticles: An 
overview of their chemistry, interactions and potential 
environmental implications. Sci Total Environ.  400:396–
414;2008. 

[7] I. Aurich, L. Mueller, H. Aurich et al., Gut 56(2), 405 ;2007. 
[8] W.R. Xu, X. Zhang, H. Qian et al., Exp. Biol. Med. 229(3), 

623;2004. 
[9] J. Oswald, S. Boxberger, B. Jorgensen et al., Stem Cells 

22(2),377;2004. 
[10] R.P. Gallegos, R.M. Bolman III, Card. Surg. Adult. 3(6), 

1657; 2008. 
[11] T.J. Heino, T.A. Hentunen, Curr. Stem Cell Res. Ther. 2(1), 

131;2008. 
[12] R.R. Rao, S.L. Stice, Biol. Reprod. 71, 1772–1778;2004. 
[13] J. Yu, M.A. Vodyanik, K. Smuga-Otto et al., Science 318, 

1917;2007. 
[14] K. Takahashi, S. Yamanaka, Cell 126, 663 ;2006 
[15] K. Takahashi, K. Tanabe, M. Ohnuki et al., Cell 131, 

861;2007. 
[16] H. Stuart, O.S. Morrison et al., Biomedicine: stem-cell 

competition. Nature 418, 25 ;2002. 

[17] Y.H. Jiang, B. Jahagirdar, R.L. Reinhardt et al., Nature 
418(1), 41 ;2002. 

[18] Heymer A, Haddad D, Weber M, et al. Iron oxide labelling 
of human mesenchymal stem cells in collagen hydrogels for 
articular cartilage repair. Biomaterials.29:1473–1483;2008. 

[19] Shan L.  FluidMAG iron nanoparticle-labeled mesenchymal 
stem cells for tracking cell homing to tumors. Molecular 
Imaging and Contrast Agent Database (MICAD) [Internet]. 
Bethesda (MD): National Center for Biotechnology 
Information (US); 2004-2010. 

[20] Modi G, Pillay V, Choonara YE, et al. Nanotechnological 
applications for the treatment of neurodegenerative disorders. 
Prog Neurobiol.88:272–285;2009. 

[21] Sanvicens N, Marco MP. Multifunctional nanoparticles – 
properties and prospects for their use in human medicine. 
Trends Biotechnol.26:425–433;2008. 

[22] Suh WH, Suh Y, Stucky GD. Multifunctional nanosystems at 
the interface of physical and life sciences. Nanotoday. 4:27–
36;2009. 

[23] Delcroix GJ, Jacquart M, Lemaire L, et al. Mesenchymal and 
neural stem cells labeled with HEDP-coated SPIO 
nanoparticles: In vitro characterization and migration 
potential in rat brain. Brain Res. 1255:18–31;2009. 

[24] Huang D, Hsiao J, Chen Y, et al. The promotion of human 
mesenchymal stem cell proliferation by superparamagnetic 
iron oxide nanoparticles. Biomaterials.  30:3645–3651;2009. 

[25] Park TH, Lee HJ, Kim JA, et al. Application of magnetic 
bio-nanoparticles to the control of stem cell 
behavior. Biotechnology. 131:S65; 2007. 

[26] Y. Jing, L.R. Moore, P.S. Williams et al., Biotechnol. 
Bioeng. 96,1139–1154 ;2007. 

[27] Conner SD, Schmid SL. Regulated portals of entry into the 
cell. Nature. 422:37–44;2003. 

[28] Ito A, Hibino E, Honda H, et al. A new methodology of 
mesenchymal stem cell expansion using magnetic 
nanoparticle. Biochemical and Engineering J. 20:119–
125;2004. 

[29] B. Zuzana, J. Daniel, Z.Klara et al., Transplantation 85(1), 
155;2008. 

[30] Liu K, Wang C, Cheng C, et al. Endocytic carboxylated 
nanodiamond for the labeling and tracking of cell division 
and differentiation in cancer and stem cells. Biomaterials. 
30:4249–4259;2009. 

[31] Chung T, Wu S, Yao M, et al. The effect of surface charge 
on the uptake and biological function of mesoporous silica 
nanoparticles in 3T3-L1 cells and human mesenchymal stem 
cells. Biomaterials. 28:2959–2966;2007.  

[32] Huang D, Hung Y, Ko B, et al. Highly efficient cellular 
labeling of mesoporous nanoparticles in human 
mesenchymal stem cells: Implication for stem cell 
tracking. FASEB J. 19:2014–2016;2005. 

[33] Huang D, Chung T, Hung Y, et al. Internalization of 
mesoporous silica nanoparticles induces transient but not 
sufficient osteogenic signals in human mesenchymal stem 
cells. Toxicol Appl Pharmacol. 231:208–215;2008.  

[34] Shah DA, Kwon SJ, Bale SS, Banerjee A, Dordick JS, Kane 
RS. Biomaterials.  Apr;32(12):3210-9;2011. 

[35] Chang J, Su H, Hsu S. The use of peptide-delivery to protect 
human adipose-derived adult stem cells from damage caused 
by the internalization of quantum dots. Biomaterials. 29:925–
936;2008. 

[36] Chang J, Hsu S, Su H. The regulation of the gap junction of 
human mesenchymal stem cells through the internalization of 
quantum dots. Biomaterials. 30:1937–1946;2009.  

[37] Arbab AS, Wilson LB, Ashari P, et al. A model of lysosomal 
metabolism of dextran coated superparamagnetic iron oxide 



Meeta A. Burande, Amit R. Burande 

Copyright © 2012, Statperson Publications, International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 2, Issue 3, 2012 

(SPIO) nanoparticles: Implications for cellular magnetic 
resonance imaging. NMR Biomed.  18:383–389; 2005. 

[38] Jing X, Yang L, Duan X, et al. In vivo MR imaging tracking 
of magnetic iron oxide nanoparticle labeled, engineered, 
autologous bone marrow mesenchymal stem cells following 
intra-articular injection. Joint Bone Spine.75:432–438;2008. 

[39] Wang L, Deng J, Wang J, et al. Superparamagnetic iron 
oxide does not affect the viability and function of adipose-
derived stem cells, and superparamagnetic iron oxide–
enhanced magnetic resonance imaging identifies viable cells. 
Magn Reson Imaging. 27:108–119;2009. 

[40] Y. Ohyabu, Z. Kaul, T. Yoshioka et al., Hum. Gene Ther. 20, 
219; 2009. 

[41] I.L. Medintz, H.T. Uyeda, E.R. Goldman, H. Mattoussi, Nat. 
Mater. 4, 435 ;2005. 

[42] D. Yang, D. Cui, Chem. Asian J. 3, 2010 ;2008. 
[43] J. Lee, Y. Huh, Y. Jun, J. Seo, J. Jang, H. Song, S. Kim, E. 

Cho, H. Yoon, J. Suh, J. Cheon, Nat. Med. 13(1), 95 ;2007. 
[44] E. Sykova, P. Jenedelova, Neurodegener. Dis. 3(1), 62 ;2006. 
[45] Hoshino, K. Fujioka, N. Manabe, S. Yamaya, Y. Goto, M. 

Yasuhara, K. Yamamoto, Microbiol. Immunol. 49, 461 
;2005.   

[46] R. Bakalova, Z. Zhelev, I. Aoki, I. Kanno, Nat. Photon. 1(9), 
487;2007. 

[47] D.J. Maxwell, J. Bonde, D.A. Hess et al., Stem Cells 26, 517 
;2008. 

[48] T.M. Coyne, A.J. Marcusl, D. Woodbury et al., Stem Cells 
24, 2483 ;2006. 

[49] Sykova E, Jendelova P. In vivo tracking of stem cells in brain 
and spinal cord injury. Prog Brain Research.161:367–
383;2007. 

[50] Kea Y, Hu C, Jianga X, et al. In vivo magnetic resonance 
tracking of Feridex-labeled bone marrow-derived neural stem 
cells after autologous transplantation in rhesus monkey. J 
Neurosci Methods.179:45–50;2009. 

[51] Au K, Liao S, Lee Y, et al. Effects of iron oxide 
nanoparticles on cardiac differentiation of embryonic stem 
cells. Biochem Biophys Res Commun.379:898–903;2009.  

[52] Lee K, Park C, Moon H, et al. Magnetic resonance tracking 
of multifunctional nanoparticle-labeled mouse mesenchymal 
stem cells in a mouse model of myocardial 
infarction. Current Applied Physics. 9(Suppl 1):S12–
S14;2009. 

[53] Sathuluri RR, Yoshikawa H, Shimizu E, Saito M, Tamiya E. 
Gold nanoparticle-based surface-enhanced Raman scattering 
for noninvasive molecular probing of embryonic stem 
celldifferentiation. PLoS One. 6(8);2011 

[54] C.A. Crouse, B. Maruyama, R.J. Colorado, T. Back, A.R. 
Barron, J. Am. Chem. Soc. 130, 7946 ;2008. 

[55] D. Cui, F. Tian, C.S. Ozkan, W. Mao, H. Gao, Toxicol. Lett. 
155, 77;2005. 

[56] Wimpenny I, Markides H, El Haj AJ. Orthopaedic 
applications of nanoparticle-based stem cell therapies.Stem 
Cell Res Ther.  Apr 19;3(2):13;2012. 

[57] N.R. Washburn, K.M. Yamada, C.G. Simon et al., 
Biomaterials 25, 1215;2004. 

[58] P. Clark, P. Connolly, A.S. Curtis et al., J. Cell Sci. 99(1), 
73;1991. 

[59] Kostura L, Kraitchman DL, Mackay AM, et al. Feridex 
labeling of mesenchymal stem cells inhibits chondrogenesis 
but not adipogenesis or osteogenesis. NMR Biomed,17:513–
517;2004. 

[60] Zhang P, Dai K, Yan S. Effects of naringin on the 
proliferation and osteogenic differentiation of human bone 
mesenchymal stem cell. Eur J Pharmacol. 607:1–5;2009. 

[61] Shi X, Wang Y, Varshney RR, et al. In-vitro osteogenesis of 
synovium stem cells induced by controlled release of 

bisphosphate additives from microspherical mesoporous 
silica composite.Biomaterials.30:3996–4005;2009. 

[62] Jung Y, Chung Y, Kim SH, et al. In situ chondrogenic 
differentiation of human adipose tissue-derived stem cells in 
a TGF-b1 loaded fibrin– poly (lactide-caprolactone) 
nanoparticulate. Biomaterials.30:4657–4664;2009. 

[63] Oliveira JM, Sousa RA, Kotobuki N, et al. The osteogenic 
differentiation of rat bone marrow stromal cells cultured with 
dexamethasone-loaded 
carboxymethylchitosan/poly(amidoamine) dendrimer 
nanoparticles. Biomaterials.30:804–813;2009. 

[64] M.J. Dalby, M.O. Riwhle, H.J. Johnstone et al., Tissue Eng. 
8, 1099 ;2002. 

[65] G.R. Owen, J. Jackson, B. Chehroudi et al., Biomaterials 26, 
7447;2005. 

[66] C.J. Wilson, B.E. Richard, E. Clegg et al., Tissue Eng. 11, 
1;2005. 

[67] B. Haack, J. Reboud, S. Combe et al., Nanobiotechnology 1, 
1551;2005. 

[68] T. Gabaya, E. Jakobsa, E. Ben-Jacobb, Y. Hanein, Physica A 
350, 611 ;2005. 

[69] Y. Lu, S.C. Chen, Adv. Drug Deliv. Rev. 56, 1621;2004. 
[70] F. Gelain, D. Bottai, A. Vescovi et al., PLoS ONE 1, 

e119;2006. 
[71] D. Cui, H. Zhang, Z. Wang et al., ECS Trans. 13(1), 

111;2008. 
[72] D. Shi, W. Wang, J. Lian, G.K. Liu, Z.Y. Dong, L.M. Wang, 

R.C. Ewing, Adv. Mater. 18, 189;2006. 
[73] X. You, R. He, F. Gao, J. Shao, B. Pan, D. Cui, 

Nanotechnology 18, 035701 ;2007. 
[74] D.H. Kim, S.H. Lee, K.N. Kim, K.M. Kim, I.B. Shim, Y.K. 

Lee, J. Magn. Magn. Mater. 293, 287 ;2005. 
[75] A. Ito, K. Ino, T. Kobayashi, H. Honda, Biomaterials 26, 

6185 ;2005. 
[76] M. Sincai, D. Ganga, M. Ganga, D. Argherie, D. Bica, J. 

Magn. Magn. Mater. 293(2), 438;2005. 
[77] N. Morishita, H. Nakagami, R. Morishita et al., Biochem. 

Biophys. Res. Commun. 334, 1121;2005. 
[78] V.M. Tysseling-Mattiace, V. Sahni, K.L. Niece et al., J. 

Neurosci. 28, 3814;2008. 
[79] G.A. Silva, C. Czeisler, K.L. Niece et al., Science 27, 1352 

;2004. 
[80] Kubinová S, Syková E. Nanotechnologies in regenerative 

medicine. Minim Invasive Ther Allied Technol.  
Jun;19(3):144-56;2010. 

[81] S.E. Harding, N.N. Ali, M. Brito-Martins, J. Gorelik, 
Pharmacol. Ther. 113, 341;2007. 

[82] M.R. Kapadia, L.W. Chow, N.D. Tsihlis et al., J. Vasc. Surg. 
47, 173;2008. 

[83] P. Jendelova´, V. Herynek, L. Urdzı´kova´ et al., J. Neurosci. 
Res. 76, 232 ;2004. 

[84] J. Terrovitis, M. Stuber, A. Youssef et al., Circulation 117, 
1555;2008. 

[85] Oshima S, Ishikawa M, Mochizuki Y, Kobayashi 
T, Yasunaga Y, Ochi M, Enhancement of bone formation in 
an experimental bony defect using ferumoxide-labelled 
mesenchymal stromal cells and a magnetic targeting system. 
J Bone Joint Surg Br.  Nov;92(11):1606-13;2010. 

[86] Hori J, Deie M, Kobayashi T, Yasunaga Y, Kawamata 
S, Ochi M. Articular cartilage repair using an intra-articular 
magnet and synovium-derived cells. J Orthop Res.  
Apr;29(4):531-8;2011. 

[87] Li YG, Wei JN, Lu J, Wu XT, Teng GJ. Labeling and tracing 
of bone marrow mesenchymal stem cells for tendon-to-bone 
tunnel healing .Knee Surg Sports Traumatol Arthrosc.  
Dec;19(12):2153-8; 2011. 



International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 2, Issue 3, July to September, 2012 pp 50-58 

International Journal of Recent Trends in Science And Technology, ISSN 2277-2812 E-ISSN 2249-8109, Volume 2, Issue 3, 2012                                  Page 58 

[88] Ami D, Neri T, Natalello A, et al. Embryonic stem cell 
differentiation studied by FT-IR spectroscopy.Biochim 
Biophys Acta.1783:98–106;2008. 

[89] I.H. Park, P.H. Lerou, R. Zhao, H. Huo, G.Q. Daley, Nat. 
Protoc. 3, 1180 ;2008. 

[90] Ma K, Liao S, He L, Lu J, Ramakrishna S, Chan CK. Effects 
of nanofiber/stem cell composite on wound healing in acute 

full-thickness skin wounds. Tissue Eng Part A.  May;17(9-
10):1413-24;2011. 

[91] Bader A, Ebert S, Giri S, Kremer M, Liu S, Nerlich 
A, Günter CI, Smith DU, Machens HG. Skin regeneration 
with conical and hair follicle structure of deep second-degree 

[92] scalding injuries via combined expression of the EPO 
receptor and beta common receptor by local subcutaneous 
injection of nanosized rhEPO. Int J Nanomedicine.7:1227-
37;2012. 

[93] N. Nakatsuji, F. Nakajima, K. Tokunaga, Nat. Biotechnol. 
26,739;2008. 

[94] S.A. Wood, N.D. Allen, J. Rossant, A. Auerbach, A. Nagy, 
Nature 365, 87 ;1993. 

[95] D. Cui, F. Tian, C.R. Coyer et al., J. Nanosci. Nanotechnol. 
7, 1639 ;2007. 

[96] N.S.W. Kam, Z. Liu, H. Dai, Angew. Chem. Int. Ed. 45, 
577 ;2006. 

[97] B. Pan, D. Cui. Advance and application prospect of 
dendrimers, in Nanotechnology research developments, ed. 
by R. Jimenez-Contreras (Springer, New York), 7–95;2008 

[98] J.W. Lee, B.K. Kim, H. Kim, S.C. Han, W.S. Shin, S.H. Jin, 
Macromolecules 39, 2418;2006. 

[99] B. Pan, D. Cui, Y. Shen, C.S. Ozkan, F. Gao, R. He, Q. Li, 
P. Xu, T. Huang, Cancer Res. 67, 8156;2007. 

[100] B. Pan, D. Cui, P. Xu, T. Huang, Q. Li, R. He, F. Gao, J. 
Biomed. Pharm. Eng. 1, 13;2007. 

[101] N.W.S. Kam, H. Dai, J. Am. Chem. Soc. 127, 6021;2005. 
[102] N.W.S. Kam, T.C. Jessop, P.A. Wender, H. Dai, J. Am. 

Chem. Soc. 126, 6850;2004. 
[103] S.W. Han, C. Nakamura, I. Obataya et al., Biosens. 

Bioelectron. 20, 2120;2005. 
[104] G.S. Zhou, Z.Y. Su, Y.R. Cai, Y.K. Liu et al., Biomed. 

Mater. Eng. 17, 387;2007. 
[105] V. Lovat, D. Pantarotto, L. Lagostena, B. Cacciari, M. 

Grandolfo, M. Righi, G. Spalluto, M. Prato, L. Ballerini, 
Nano Lett. 5, 1107;2005. 

[106] A. Nimmagadda, K. Thurston, M.U. Nollert, P.S. 
McFetridge, J. Biomed. Mater. Res. A 76A, 614;2006. 

[107] Chen XA, Zhang LJ, He ZJ, Wang WW, Xu B, Zhong 
Q, Shuai XT, Yang LQ, Deng YB. Plasmid-encapsulated 
polyethylene glycol-grafted 
polyethylenimine nanoparticles for gene delivery into rat 
mesenchymal stem cells.  Int J Nanomedicine 6:843-
53;2011. 

[108] Cavalcanti A, Shirinzadeh B, Freitas RA, et al. Nanorobot 
architecture for medical target 
identification. Nanotechnology.19:15103–15118;2008. 

[109] Allen TM, Cullis PR. Drug delivery systems: Entering the 
mainstream. Science.303:1818–1822;2004. 

[110] Ronne Wee Yeh Yeo, Ruenn Chai Lai, Bin Zhang, Soon 
Sim Tan, Yijun Yin, Bao Ju Teh, Sai Kiang Lim. 
Mesenchymal stemcell: An efficient mass producer of 
exosomes for drug delivery , Advanced Drug Delivery 
Reviews. Available online  7 July 2012 

[111] D. Metcalf, Stem Cells 25, 2390;2007. 
[112] S.V. Liu, Stem Cells Dev. 17, 391;2008. 
[113] S.V. Liu, Log. Biol. 7(1), 63–65;2007. 
[114] M. Pera, Nature 451(1), 135;2008. 
[115] Braydich-Stolle L, Hussain S, Schlager JJ, et al. In 

vitro cytotoxicity of nanoparticles in mammalian germline 
stem cells. Toxicol Sci.88:412–419; 2005. 

[116] Nel A, Xia T, Mädler L, Li N. Toxic potential of materials 
at the nanolevel. Science.311:622–627;2006. 

[117] Hussain SM, Hess KL, Gearhart JM, et al. In vitro toxicity 
of nanoparticles in BRL 3A rat liver cells.Toxicol In Vitro.  
19:975–983;2005. 

[118] Jia G, Wang H, Yan L, et al. Cytotoxicity of carbon 
nanomaterials: single-wall nanotube, multi-wall nanotube, 
and fullerene. Environ Sci Technol. 39:1378–1383;2005. 

[119] El-Ansary A, Al-Daihan S. Review article on the toxicity of 
therapeutically used nanoparticles: An overview. J 
Toxicol. Epub 2009 Jan 25. 

[120] Staggers N, McCasky T, Brazelton N, et al. 
Nanotechnology: The coming revolution and its 
implications for consumers, clinicians, and 
informatics. Nurs Outlook.56:268–274;2008. 

[121] Abraham AM, Kannangai R, Sridharan G. Nanotechnology: 
A new frontier in virus detection in clinical practice. Indian 
J Microbiol. 2008;26:297–301. Gao J, Xu B. Applications 
of nanomaterials inside cells. Nanotoday. 4:37–51;2009. 

[122] Nikulainen T, Palmberg C. Transferring science-based 
technologies to industry. Does nanotechnology make a 
difference? Technovation.30:3–11;2010. 

[123] I.L. Weissman, N. Engl. J. Med. 346(8), 1576 ;2002. 
[124] A. Solanki, J.D. Kim, K.B. Lee, Nanomedicine 3(4), 567–

578;2008.

 


