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“for suc c essful clinical transla tion, crea ting MSCM-nanoconstructs en tails car efully considering sev eral fact ors, including the c on- 
struct’s features, therapeutic goals, mode of administra tion, bioav ailability, biodistribution, t oxic olog ical study, and pa tien t-specific 
variables ”
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MSCM-nanoc onstructs; nanodec oy s; nanoparticles; scalability; t oxic olog ical study 

A  

c  

c  

n  

i  

f  

b  

n  

d  

s  

a  

f  

t  

b  

l  

t  

o  

o  

a  

t  

s  

e  

m  

v  

b  

e
 

i  

m  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

C
‡

©
T
(
c
a

 newly dev eloped drug-deliv ery method inv olv es using
 ell membranes t o encapsulat e drug-loaded nanoparti-
les, creating biomimetic ‘nanodec oy s’ [ 1 , 2 ]. These novel
anoparticulate drug-deliv ery v ehicles hav e significantly

mpr ov ed the functionality of nano-based approaches by
acilitating their efficient mov ement thr ough the human
ody and hold much promise for application in diag-
ostics and medical purposes [ 3 ]. To serv e effectiv ely in
iag nostic applications, nanodec oy s can be desig ned t o
pecifically trap biomolecules, such as proteins, nucleic
cids , or small molecules , that act as diagnostic markers
 or differen t illnesses. Notably, they may efficien tly cap-
ure and c onc en tra t e target biomarkers from c omplicat ed
iological samples using specialized binding patterns or

igands. This enables biomarker iden tifica tion and quan-
ification using analytical methods such as immunoassays
r nucleic acid amplification assays [ 3 ]. Furthermore, nan-
dec oy s can be eng ineered t o exhibit molecules or lig-
nds on their surface that selectively identify and attach
o desired cells or tissues. These targeting moieties con-
ist of antibodies , peptides , or small compounds that
xhibit strong affinity and specificity toward rec ept ors or
arkers found on the surface of the target cells. Notably,

iruses, bacteria, toxins, and cancer cells ar e r eported to
e captured and neutralized effectively utilizing this str at -
gy [ 1 , 2 ]. 

During the COVID-19 epidemic, in an animal model
.e., Cynomolgus Macaques (three females and three

ales), nanodec oy s deriv ed fr om human lung spher oid
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c ells exhibit ed the ability t o attach t o and neutral-
iz e SARS-CoV-2 [ 2 ]. Additionally, nanodeco ys might be
inc orporat ed with active pharmac eutical ing redients or
diag nostic t ools t o incr ease their therapeutic effectiv e-
ness in treating infections or diseases, including can-
c er. Notably, nanoc onstructs and/or nanoparticles that
ar e selectiv ely encapsulat ed inside mesenchymal st em
cells (MSCs) membranes (MSCM) are regarded as ground-
breaking in the realms of regenerative medicine and
targeted drug deliv ery [ 4 ]. Mor eov er, the MSCM has
been demonstrat ed t o possess inherent capabilities in
identifying immune cells and selectively targeting spe-
cific tissues, leading to enhanced therapeutic results and
less adverse effects in conditions such as osteoarthritis,
r heumatoid arthr itis, and var ious malignancies [ 4 ]. For
example, D’A tri et al . dev eloped a nov el kind of MSCM-
based nanoparticle, called a nano-ghost (NG) for target-
ing or treating osteoarthritis [ 5 ]. Their investigations sug-
gested that NGs successfully regulated the inflammatory
process, specifically in cartilage tissues, and promoted its
repair both in vitro and in vivo . Collectively, their study
results demonstra ted tha t the NG sy st em has sig nificant
promise as a nanocar r ier platfor m and might serve as
an immunomodula tory medica tion for a broad spectrum
of inflamma tion-rela ted diseases [ 5 ]. These observ a tions
indica te tha t MSCM-based nanodec oy s hav e pr ov en ther-
apeutic benefits and remarkable targeting capabilities,
but their extensive use in clinical settings is still difficult to
achiev e. Fr om this perspectiv e, w e analyzed the r equir e-
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en ts tha t must be fulfilled to implement these technolo-
ies in clinical environments successfully. 

Formulation and design are key to producing superior-
uality MSCM-nanoconstructs [ 5 , 6 ]. The therapeutic pay-

oad encapsulating capabilit y, stabilit y, and precise tissue
argeting depend on the properties of the MSCM’s surface
nd the phy sic ochemical charact eristics of the nanocon-
truc ts. Applying MSCM in conjunc tion with nanoparti-
les offers an excellent solution to the challenges encoun-
ered when using either organic or inorganic nanopar-
icles individually or combined. Inorganic nanoparticles
xhibit remarkable stability and unique phy sic ochemical
r operties. How ev er, they oft en fac e challenges such as
ioc ompatibility and pot ential t oxicity, which might limit

heir utility in biomedicine. Thus, applying MSCM coating
o inorganic nanoparticles could significantly enhance
heir capacity to interact with living organisms without
ffecting their durability and unique properties and con-
urr ently r educing former toxicity. This approach har-
esses the inherent capability of MSCM to develop a bio-
ybrid sy st em that c ombines the adv an tageous charac-

eristics of both inorganic nanoparticles and MSCs . C on-
ersely, organic nanoparticles such as liposomes, poly-
eric nanoparticles, and micelles often encounter stabil-

ty problems due to their tendency to aggregate, rapidly
elease medicines, degrade, and have a short sy st emic
irculation time. These challenges could substantially
estric t their effec tiveness in biological applications. The
tability and biocompatibility of the former can be signif-
cantly impr ov ed by coating with MSCM. This bio-hybrid
pproach utilizes the stability, immune evasion, and tar-
eting characteristics of MSCM to create a nanoparticle
y st em that exhibits enhanced efficacy and prolonged
urability for therapeutic administration. Further, it is
ssential to carefully analyze the formulation features of
anoconstructs, including their size , shape , surface chem-

stry , and cargo-loading efficiency . This st ep is nec es-
ary t o c onfirm the c ompatibility of the nanoc onstructs
ith MSCM coating and to maximize their therapeutic
enefits [ 7 , 8 ]. Also, customizing or tailoring the MSCM
urfaces can make the MSCM coating work even bet-
er and keep the therapeutic drug-loaded nanoparticles
nside its core in stable form for a prolonged duration.
ev ertheless, attaching positiv ely or negatively charged

igands , polymers , or peptides to the surface of the
SCM-nanoconstructs in accordance with the specific

ells being targeted can also impart higher zeta poten-
ial (positive or negative) and reduce their interaction
ia electr ostatic r epulsion. T his strategy minimiz es the
hanc es of agg r egation, pr ev ents off-target effects, and

mpr ov es stability. How ev er, to effectiv ely do so, nanocon-
tructs should also mimic MSCM-like properties to elude
mmune iden tifica tion, target desired tissues, and modify
the immune response [ 9 ]. Similarly, by int eg rating mul-
tiple targeting ligands or therapeutic peptides and pro-
t eins ont o the surfac e or encapsulat ed nanoc onstructs
of an MSCM, its therapeutic potential can be boosted
ac c ording t o the specific properties of the tumor or
target ed c ells [ 10 , 11 ]. Ther efor e, while designing multi-
func tional MSCM-nanoconstruc ts, w e must car efully cus-
tomize them for biological compatibility, cargo-loading
efficiency, and desired synergistic therapeutic benefits.
Concurr ently, the cor e nanoparticles and MSCM cov ering
materials should also be biocompatible and biodegrad-
able to reduce the risk of toxicity and overactivity in
immune responses. In this regard, natural biomaterials or
biocompatible polymers may assure biological empathy
and promote bodily clearance [ 12 ]. 

Apart from those above-mentioned challenges, there
are a lot of other factors to consider before in vivo
administration of MSCM-nanoconstructs, such as the
dose, the biodistribution mechanism, and most impor-
tantly, the characteristics of the tar get or gan or tumor,
and the expected therapeutic outcomes [ 13 , 14 ]. Gain-
ing comprehension of these elements facilitates the
determination of the appropriate dose and ensures the
maint enanc e of therapeutic c onsist ency. Furthermore,
the optimal dosage of MSCM-nanoconstructs may vary
depending on the specific use and the pa tien t’s medical
c ondition. Researchers oft en undertake dosage-finding
investigations in animal models and human clinical tri-
als t o det ermine the ideal range of doses. Additionally,
ther e ar e sev eral methods of deliv ering substances, such
as in travenous, in tramuscular, in tra-articular, in tra thecal,
and local injection into the specific region [ 15 ]. Ne xt ,
the delivery route is chosen based on factors like dis-
ease pathophy siology, desired pharmac okinetic profil-
ing, biodistribution, and safety considera tions. Ev alua t-
ing the biodistribution and pharmacokinetics of MSCM-
nanoconstructs is critical for elucidating the appropri-
ate dose and dosing schedule. Research on the dissemi-
na tion, dura tion, and elimina tion of MSC-nanoconstruct
structures after administration may aid in determining
the appropriate dose and timing of administration [ 16 ].
Subsequently, the safety of MSCM-nanoconstructs is eval-
ua ted a t v arious dosage levels by dose escalation and
t oxic olog ical investigations. To ensure the suc c essful
pr ogr ess of preclinical and clinical research, it is of utmost
importanc e t o closely monit or and assess any potential
side effects, including heightened immune responses,
inflammation, and the potential for tumor formation.
Ther e is curr ently a shortage of pr eclinical r esear ch-based
da ta tha t specifically investiga tes all these elemen ts of
MSCM-nanoconstructs. Ther efor e, r esear chers must pri-
oritize fixing these c onc erns t o facilitat e the c ommercial-
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zation of nanodec oy s and MSCM-nanoconstructs within
he next decade. 

Ne xt , to impr ov e the stability of MSCM-
anoconstructs, adding hy dr ophilic coatings on the
SCM surface can increase their durability in w a ter-

ased settings [ 17 ]. In this r egar d , hy dr ophilic polymers
ike poly ethylene gly col (PEG) ar e widely r eport ed t o
rovide steric stabilization, which helps to avoid aggre-
ation and impr ov es colloidal stability [ 18 ]. In addition,

mproving the lipid bilayer structure or fluidity of the
SCM might promote the stability and permeability of

anoconstructs across the desired tissue or cells. Similarly,
 esear chers r eport that adding lipid stabilizers or incor-
ora ting cholesterol in to the nanoconstruct enhances
embrane int eg rity and incr eases their r esistanc e t o

nvir onmental str esses [ 19 ]. Furthermor e, incorporating
tabilizing chemicals, such as an tioxidan ts or enzyme
nhibit ors, int o the core of nanocomposites protects
hem from oxidative stress or enzymatic degradation.
hese strat eg ies can lead t o bett er stability and g ive
hem a longer shelf life [ 20 ]. Another viable and compar-
tively less complex method to enhance the stability of
SCM-nanoconstructs during ext ended st orage c ould be

yophilization. Additionally, this method facilitates the
ransportation of the former by removing w a ter and
lso reduces the likelihood of degrading reactions [ 21 ].
he stability of MSCM-nanoconstructs can be enhanced
hroughout the formulation process by using strategies
uch as maintaining optimal pH lev els, temperatur es, and
onic str engths. Furthermor e, it is crucial to employ rig-
rous quality control methods to guarantee the stability
nd uniformity of MSCM-c oat ed nanoc onstructs during
anufacturing. This r equir es a compr ehensiv e analysis

f the physical and chemical characteristics, as well as
erforming stability tests under appropriate storage
ettings [ 22 ]. 

The suc c essful c ommercialization of nanodec oy s or
SCM-nanoconstructs relies on aspects beyond just the

ell type and r equir es r elativ ely simple and r epr oducible
ut robust formulation and design, which might be
dv an tageous for their efficient large-scale production
nd clinical translation. The first step inv olv es designing
he nanoparticles via the self-assembly method. In this
roc ess, nanoparticles aut onomously organize int o struc-

ured patterns or functional architectures without human
n terven tion, driven by specific interactions among the
articles and between the particles and their environ-
ent, such as Van der Waals for ces, electr osta tic in ter-

ction, hy dr ogen bonding, hy dr ophobic interaction and
teric effects [ 1 , 2 ]. In addition, formulation scientists
 ould manipulat e nanoparticles’ form, size, and surfac e
haract eristics t o imitat e desir ed structur es for a spe-
ific purpose. Ne xt , t o effectively inc orporat e these self-
assembled nanoparticles into the MSCM, simple and scal-
able methods like extrusion, ultrasound, and electropora-
tion could be employed [ 1 , 2 ]. Moreover, the scale-up pro-
duction of MSCs is essential to meet the market demand.
To scale up for commercial produc tion, bioreac tors or cell
culture sy st ems are oft en used in large-scale manufactur-
ing proc esses t o facilitat e the proliferation of MSCs by pro-
viding contr olled envir onmental variables such as tem-
perature, pH, and oxygen levels. These sy st ems are par-
ticularly useful for ac c ommodating higher c ell volumes
and optimizing cell gr owth. Furthermor e, when assess-
ing clinical translatability, it is critical to examine two
key variables thoroughly. One challenge is safety, which
may be addressed by employing biocompatible materi-
als that elicit minimal inflammatory and immunological
r esponses, either dir ectly or via their br eakdown pr od-
ucts. Another c onc ern is efficient and economical manu-
facturing, which can be addressed using readily available
pharmaceutical excipients. 

Henc e, for suc c essful clinical transla tion, crea ting
MSCM-nanoconstructs entails carefully considering sev-
eral factors, including the construct’s features, thera-
peutic goals, mode of administra tion, bioav ailability,
biodistribution, t oxic olog ical study, and pa tien t-specific
var iables. B y conducting a methodical assessment and
optimizing the formulation process, dosage regimens
could be carefully adjusted to enhance the effective-
ness of therapy using MSCM-nanoconstructs while also
pr ior itizing pa tien t safety in trea ting v arious diseases.
Mor eov er, other issues, like r egulatory hur dles, manufac-
turing scalability, and long-term safety, should not be
ov erlooked . Subsequent inv estigations will indeed focus
on the resolution of these obstacles, enhancing the ther-
apeutic efficacy of MSCM-nanoconstructs and broaden-
ing their use to include a broader spectrum of disorders.
Altogether, the effective use of MSCM-nanoconstructs
show s exc ellent pot ential for prog ressing regenerative
medicine, cancer trea tmen t, and w ound r ecov ery. Ongo-
ing r esear ch and collabora tion among scien tists, physi-
cians, and regulatory agencies are essential to fully har-
nessing the promise of these novel medicines car r iers and
making them available to patients in the near future. 
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