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Abstract: Background and objectives: Drug delivery by nebulization has become a crucial strategy for treating dif-
ferent respiratory and lung diseases. Emerging evidence implicates stem cell therapy as a promising tool in treating
such conditions, not only by alleviating the related symptoms but by improving the prognosis. However, delivery of
human peripheral blood-derived stem cells (hPBSCs) to the respiratory airways remains an innovative approach yet
to be realized. This study is an analytic, translational, and in vitro research to assess the viability and morphologi-
cal changes of identified cell populations in hPBSCs cocktail derived from COVID-19 patients. Methods and results:
Peripheral blood (PB) samples were obtained from patients enrolled in the SENTAD-COVID Study (ClinicalTrials.gov
Reference: NCT04473170). hPBSCs cocktails (n=15) were provided by the Cells Processing Laboratory of Abu Dhabi
Stem Cells Center, and were nebulized by three different methods of nebulization: compressor (jet), ultrasonic, and
mesh. Our results reported that nucleated CD45%™ cell count was significantly lower after the three nebulization
methods, but nucleated CD45  cells show a significant decrease only after mesh nebulization. Mesh-nebulized
samples had a significant reduction in viability of both CD45%™ and CD45 cells. Conclusions: This study provides evi-
dence that stem cells derived from PB of COVID-19 patients can be nebulized without substantial loss of cell viabil-
ity, cell count, and morphological changes using the compressor nebulization. Therefore, we recommend compres-
sor nebulizers as the preferable procedure for hPBSCs delivery to the respiratory airways in further clinical settings.
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Introduction mal stromal stem cells (MSCs), endothelial pro-
genitor cells (EPCs), and embryonic stem cells
(ESCs), have demonstrated the value of these
therapeutic tools in Acute Respiratory Distress

Syndrome (ARDS) [4], sepsis [5], acute lung

Acute and chronic lung diseases persistently
rank among the most fatal diseases across
developed countries [1], and this burden is pre-

dicted to grow due to the recent COVID-19 pan-
demic. Increasing attention has been focused
on using stem cells as a novel therapeutic
approach for patients suffering from several
damaging and untreatable lung diseases. Un-
like pharmacological therapies developed to
alleviate the symptoms, stem-cell-based thera-
py can positively affect the pathogenesis and
prognosis of lung disease by contributing to
lung tissue repair, and consequently, to cure
such diseases [2, 3]. Accordingly, pre-clinical
studies using stem-cell therapies, including
hematopoietic stem cells (HSCs), mesenchy-

injury [6], fibrotic lung diseases [7], and other
lung-related diseases [8].

Subsequently, numerous clinical trials using
mainly autologous or allogeneic MSCs in hu-
mans with these pathological conditions were
performed rapidly after reports of efficacy in
animal models by Brave and colleagues [9]. In
COVID-19, MSCs and their secretome were very
recently reported to mitigate the inflammatory
process and consequently improve the lung
function by exerting several cell contact-depen-
dent and paracrine mechanisms, such as mod-
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ulating the release of factors related to angio-
genesis, fibrosis, and inflammation, altering the
function and response of immune system cells,
and communicating with the host niche cells
via microvesicles as a source of cellular materi-
als [10-14].

Notably, nebulized MSC-based therapies are at
the forefront of treatment of lung diseases [9].
However, aerosol-based airway epithelial cell
delivery was recently reported to improve air-
way regeneration and repair by Kardia and col-
leagues [15]. In addition, the same group
showed that skin-derived fibroblasts following
aerosolization maintain survivability and cell
properties by activating the proliferation of air-
way epithelial cells leading to the reconstruc-
tion of a pseudostratified epithelium [16].

Still, cell loss and their low or failed engraft-
ment in the host remain primary obstacles in
cell therapy applications. The need for efficient
delivery routes capable of maintaining cell via-
bility and cell morphology to the targeted organ
must be reassured for successful therapy. In
this context, the appropriate choice of delivery
devices appears to be as important as that of
the therapeutics to be inhaled. Several studies
have reported the intratracheal aerosol-based
delivery technique as an effective way to deliv-
er cells and related materials directly to the
lungs, rather than by intravenous, intrapulmo-
nary, and intraoral routes [17]. Various advan-
tages make aerosol delivery a preferred route
of administration over other types. Its benefits
include immediately delivering biotherapeutics
to the respiratory tract and reducing the dos-
age requirements (and any possible side ef-
fects). Subsequent studies have also demon-
strated its capability to be faster acting than
other various routes [18, 19]. Aerosolized MS-
Cs, extracellular vesicles derived-MSCs, and
MSC-conditioned medium have shown high
compatibility with different nebulizers [9, 14].
Nevertheless, the administration route will still
need extensive research before this strategy
can be used in a clinical setting.

Increasing evidence suggests that peripheral
blood (PB) is an alternative source of stem/pro-
genitor cells for clinical application besides
bone marrow (BM), including different subpop-
ulations of HSCs and Non-Hematopoietic Stem
Cells, Very Small Embryonic-like Stem Cells
(VSELs), EPCs, and MSCs [20]. Studies have
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shown blood traffic of adult stem cells at a very
low frequency at a steady state, which may be
required to maintain homeostasis. In response
to injury signals, the number of PB-derived
stem cells in the bloodstream increases dra-
matically, indicating their possible role in tissue
repair and regeneration [20]. Thus, in recent
years, PB-derived stem cells, which can be col-
lected with minimal invasion, have been identi-
fied as an important alternative to stem cells
sourced from BM, cord blood, or leukapheres-
is for cell therapy. However, the nebulization
of human peripheral blood-derived stem cells
(hPBSCs) remains an innovative strategy de-
spite their potential capabilities to improve lung
inflammatory and fibrotic conditions.

This study aimed to assess the viability and
morphology changes of hPBSCs using three
types of nebulization methods: a compressor
(jet), ultrasonic, and mesh nebulizers. These
methods have the potential for use as an aero-
sol-based delivery system for stem cells, and
provide a valuable path forward to future appli-
cation in pre-clinical/clinical settings.

Materials and methods

This study is an analytic, translational, and in
vitro research to assess the viability and mor-
phological changes of hPBSCs after the three
nebulization methods mentioned above.

hPBSCs collection

PB samples (300 mL) were drawn from patients
during the SENTAD-COVID Study as per the fol-
lowing inclusion criteria: (1) RT-PCR Laboratory
confirmation of COVID-19; (2) Male or female
aged >18 years; (3) Interstitial lung change >3
judged by “Lungs lobar based scoring” accord-
ing to computed tomography (CT) scans; (4)
Hospitalized and symptomatic patients as
described in the Protocol; (5) Ability to comply
with test requirements and PB stem cells col-
lection; and (6) Patient or legal representative
signs the informed consent form. Furthermore,
the exclusion criteria applied were: (1) Pediatric
patients (aged <18 years); (2) Diagnosis of any
kind of shock; (3) Organ transplants in the past
3 months; (4) Patients receiving immunosup-
pressive therapy; (5) Diagnostic of Hepatitis
B Virus (HBV) infection; (6) Diagnostic of Hu-
man Immunodeficiency Virus (HIV) infection or
Acquired Immunodeficiency Syndrome (AIDS);
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(7) Current diagnosis of cancer; (8) History of
malignancies in the past five years; (9) Pregnant
or lactating women; (10) Have participated in
other clinical trials in the past three months;
(11) Inability to comply with test requirements
and PB stem cells collection; and (12) Inability
to provide informed consent.

hPBSCs cocktails were provided by the Cells
Processing Laboratory (CPL) of Abu Dhabi Stem
Cells Center (ADSCC). Cell processing was per-
formed according to the ADSCC Copyrighted
Work of Science as per the INTEROCO Certi-
ficate EC-01-002811 [21]. No cell culture was
performed before, during, or after nebulization,
and cells were maintained at 4-6°C up to 24 h
after collection. During this study, five different
samples from COVID-19 patients were random-
ly selected and used for each nebulization
method (n=15). The permuted block random-
ization was the way to randomly allocate five
samples to any of the three nebulization gr-
oups. All the donors were males, met the inclu-
sion/exclusion requirements, and were scored
5-6 as described in the SENTAD-COVID Study
seven-category ordinal scale for clinical impro-
vement.

hPBSCs nebulization

hPBSCs suspensions were nebulized by three
different methods of nebulization, according to
the approved experimental protocols, as fol-
lows: 1. Compressor (jet) nebulization: A Maxi-
Neb® nebulizer (Flexicare, UK) was used to
aerosolize 4 mL of the hPBSCs suspension. The
flow was set up on 5 L/min and was provided
by an oxygen concentrator device (Drive DeVil-
biss® Healthcare, USA) through the MaxiNeb®
tubing system. 2. Mesh nebulization: Aerogen®
Solo devices (Aerogen®, Ireland) were used to
aerosolize 2 mL of the hPBSCs suspension. 3.
Ultrasonic nebulization: An ultrasonic nebulizer
UltraNeb (NOUVAG® AG, Switzerland) was used
to aerosolize 8 mL of the hPBSCs suspension.

Differences in the required volume for nebuliza-
tion were related to the medication chamber
volume and the manufacturer recommenda-
tions. The minimum recovery volume was esti-
mated at 0.5 mL for the post-nebulization an-
alysis. All samples were collected in sterile,
non-pyrogenic 50 mL conical centrifuge tub-
es (PP/HDPE, DNase/RNase-free, human DNA-
free) from the nebulizer outlet (patient inter-
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face), not from the nebulization chamber, to
guarantee that only aerosolized cells were con-
sidered. The nebulization process was per-
formed under a Purifier Logic+ class Il type A2
Biosafety Cabinet (Labconco Corporation, USA),
providing both personnel and environmental
protection. Appropriate Personal Protective
Equipment (PPE) usage, disposal rules (appli-
cable to sets intended for only a single-use),
and other biosafety rules were followed by the
involved staff.

Flow cytometry analyses

The determination of the hPBSCs phenotype
was performed after 24 h of cell collection and
after nebulization, by targeting CD45, CD34,
CD133, and CD90 markers. Sample prepara-
tion was carried out according to the manufac-
turer’s specifications for cells immunopheno-
typing, using a protocol of red blood cells with
OptiLyse® C buffer (Beckman Coulter Inc., USA).
Briefly, 100 ul of a hPBSCs sample, contain-
ing approximately 1x10° nucleated cells were
stained for 30 min at room temperature (RT)
with the appropriate antibodies: Krome orange-
(KRO-) conjugated anti-CD45 (Clone J33), phy-
coerythrin-(PE) conjugated anti-CD90 (Clone
F15-42-1-5), Phycoerythrin-Texas Red-X-(ECD-)
conjugated anti-CD34 (Clone 581), and Allo-
phycocyanin-(APC-) conjugated anti-CD133 (Cl-
one W6B3C1), all purchased from Beckman
Coulter. Dead cells were stained with 7-amino-
actinomycin D (BD Biosciences, USA), and
nucleic DNA was stained with Hoechst 33342
(Sigma Aldrich, USA). Afterward, erythrocytes
were lysed by incubating cells for 10 min at RT
with 1 mL/tube of OptiLyse® C solution. Data
acquisition was performed directly after label-
ing with a 10-colors flow cytometer Beckman
Coulter Navios EX (Beckman Coulter Inc., USA).
Cytometer quality control was performed dai-
ly with Flow-Check fluorospheres (Beckman
Coulter, France) to align lasers and check the
water system. Fluorescence intensity was con-
trolled with Flow-Set fluorospheres from the
same Company. Data analyses were performed
with Kaluza Analysis Software v2.1 (Beckman
Coulter Inc., USA), with a minimum of 50,000
acquired events. The gating strategy was man-
ual, logical, and sequential (Figure 1), wherein
each dot plot represents two parameters ana-
lyzed by the cytometer. Absolute values were
determined through a single platform using
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Figure 1. Flow cytometry sequential, logic and manual gating strategy for immunophenotypic characterization of
hPBSCs. Visualized hPBSC on dot plots showed their FSC and SSC signals related to the cell’s size and granularity,
respectively (upper panel gates). The cells were stained with Hoechst 33342, following 7ADD dye exclusion criteria,
and immunofluorescence staining for CD45, CD34, CD133, and CD90. hPBSCs: human peripheral blood-derived
stem cells; 7ADD: 7-aminoactinomycin D; APC: allophycocyanin; ECD: phycoerythrin-Texas Red conjugate; FITC: fluo-
rescein isothiocyanate; FSC: forward scatter; PE: phycoerythrin; SSC: side scatter.

Flow-Count Fluorospheres (Beckman Coulter
Inc., USA).

Fluorescence microscopy

For hPBSCs immunofluorescence staining, the
expression of CD45 was examined before and
after nebulization for three independent experi-
ments: compressor, mesh, and ultrasound sys-
tems. hPBSCs samples were lysed in Beckman
Coulter lysing buffer (Beckman Coulter, USA)
for 15 min at 4°C and washed twice by centrifu-
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gation at 2500 rpm, 15 min, 4°C, with ice-cold
phosphate-buffered saline (PBS). Cells were
then fixed with 3.5% paraformaldehyde for 20
min, washed twice in ice-cold PBS, pre-blocked
with 2% bovine serum albumin (BSA) for 10 min
at RT, and subsequently stained with fluores-
cein isothiocyanate-(FITC-) conjugated CD45
(1:100, mouse monoclonal IgG; Beckman Coul-
ter) for 30 min at room temperature in the da-
rk. Hoechst 33342 nucleic acid stain (Sigma
Aldrich, USA) was added at 10 yg/mL to the cell
suspensions for 20 min at RT in the dark. After
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Table 1. Immunophenotypic profiling of hPBSCs cocktail with cell count medians (cells/ulL) analyzed

by flow cytometry before and after nebulizations

Compressor (n=5)

Mesh (n=5) Ultrasound (n=5)

Immunophenotype Median (cells/uL) Median (cells/uL) Median (cells/uL) i’
Before  After Before  After Before  After

Nucleated CD454m 41 30 .0238" 16 3 .0079™ 19 11 .0079™"
Nucleated CD45 19 15 .5952 27 10 .0397" 31 30 A127
Viable CD454™m 38 26 2222 15 2 .0159" 10 7 2778
Viable CD45 9 9 >.9999 25 8 .0317" 25 26 .8730
CD45%m/CD34* 0 0 >.9999 0 0 >.9999 0 0 >.9999
CD454m/CD90* 1 1 .6825 1 1 4444 0 1 0.1667
CD454m/CD133* 15 8 .0317 2 1 1270 5 2 .0079™
CD454m/CD34'/CD133" 15 12 .6825 3 2 5079 1 2 .6032
CD45¢m/CD90*/CD133* 30 19 4524 3 3 >.9999 0 5 1667
CD45/CD34* 0 0 4444 1 1 >.9999 10 1 .0635
CD45/CD90* 1 2 5714 0 0 >.9999 6 14 2222
Cb45/CD133* 6 10 .3889 5 2 .2063 23 19 4206
CD45/CD34*/CD133* 1 0 1667 3 1 .3019 12 2 .0397"
CD45/CD90*/CD133* 1 2 7778 0 1 4444 7 7 .7143

hPBSCs: human peripheral blood-derived stem cells. ®Mann Whitney U test: “P-value statistically significant differences
(P<0.05); "*P-value statistically highly significant differences (P<0.01).

washing, hPBSCs were acquired using a laser
scanning microscope (Leica SP8 confocal mi-
croscope, Germany) with the following settings:
the emission bandwidth for FITC ranged from
496-598 nm using laser blue 488 and for
Hoechst from 415-470 nm using laser blue
405 nm, using 63x objective water immersion
with NA 1.2 and optical zoom 3-6.

Statistical analysis

The calculated variables include descriptive
statistics, absolute frequencies, and medians.
A normal distribution of the variables was eval-
uated using the Shapiro-Wilk test to define the
range of values. Most of the variables did not
follow a Gaussian distribution, and the results
were expressed through medians. The Mann-
Whitney U test was applied for independent
samples to evaluate changes in the cell con-
centration before and after nebulization proce-
dures. The significance thresholds were es-
tablished at P<0.05, and statistical analysis
was performed with GraphPad® Prism v8.4.3
(GraphPad® Software Inc., USA).

Ethical considerations
The clinical trial was approved by the Abu Dhabi

Stem Cells Center (ADSCC) Research Ethics
Committee (ADSCC.REC.001.1.1) and the Emi-

72

rates Institutional Review Board (IRB) for CO-
VID-19 Research (DOH/CVDC/2020/1172) with
written informed consent obtained from each
participant and/or their legal representative, as
appropriate. The study was conducted following
the provisions of the Declaration of Helsinki
[22] and Good Clinical Practice guidelines and
registered in ClinicalTrials.gov with Reference
NCT04473170.

The information was protected under the prin-
ciples of confidentiality without revealing pa-
tients’ identities.

Results
Immunophenotypic characterization

The full immunophenotypic characterization
and cells count medians of the hPBSCs cocktail
are shown in Table 1, before and after three
methods of nebulization.

Nucleated cell counts

The absolute cell count (cells/uL) of CD45
nucleated cells have shown significant differ-
ences (Mann-Whitney U test) only with the
mesh nebulizer ("P=0.0397), while significant
differences were found in CD45%™ nucleated
cells with the compressor method ("P=0.0238),
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Figure 2. Changes in nucleated absolute cells counts (cells/uL) analyzed by flow cytometry. Cells were stained
with Hoechst 33342 before and after three nebulization methods; each color represents one nebulization method
[black: compressor (n=5); red: mesh (n=5); and blue: ultrasound nebulization (n=5)]. A. CD45  nucleated cells. B.
CD454m nucleated cells. *Statistically significant differences (P<0.05). **Statistically highly significant differences

(P<0.01).

and highly significant differences with mesh
(""P=0.0079), and ultrasound (“"P=0.0079) ne-
bulizers (Figure 2).

Viable cell counts

A significant loss of viability was found after
mesh nebulization in both cell populations:
CD45 and CD45%™ (viable CD45  "P=0.0317,
viable CD45%™ *P=0.0159). In contrast, no sig-
nificant differences were found in viability when
comparing the compressor and ultrasound
methods (Figure 3).
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Cell morphology assessment

Based on the above results, we were motivated
to evaluate the effect on cell morphology after
delivering hPBSCs product by the three meth-
ods of nebulization. To do this, we next per-
formed immunofluorescence staining for Hoe-
chst 33342 as a nuclear indicator of cell death
and CD45 as a cell surface marker antigen, to
differentiate between two main subpopulations
in hPBSCs: hematopoietic and non-hematopoi-
etic stem cells. A representative image of hPB-
SCs before nebulization shows very small cells,
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Figure 3. Changes in viable absolute cells counts (cells/uL) analyzed by flow cytometry. Cells were stained with
7ADD before and after three nebulization methods; each color represents one nebulization method [black: com-
pressor (n=5); red: mesh (n=5); and blue: ultrasound nebulization (n=5)]. A. CD45 nucleated cells. B. CD45¢™
nucleated cells. *Statistically significant differences (P<0.05). 7ADD: 7-aminoactinomycin D.

negative for CD45, with a diameter of approxi-
mately 5-7 ym, and a fraction of cells dimly
stained with CD45 and slightly higher in num-
ber compared with the negatively stained cells
(Figure 4A). Figure 4B and 4C show a cytotoxic
effect on the CD45%™ fraction represented by
morphological changes, such as condensation
and fragmentation of nuclei, and exhibited bril-
liant blue fluorescence, indicating cell death.
On the other hand, CD45" cells maintain their
shape and viability after ultrasound nebuliza-
tion (Figure 4B), but a cytotoxic effect was
shown in Figure 4C. Interestingly, the compr-
essor nebulization method shows no adverse
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effects on hPBSCs viability and morphology,
and CD45%™ and CD45- fractions maintain th-
eir phenotype after compressor nebulization.
These cells maintained a normal appearance,
and the fluorescent dye stained morphological-
ly normal nuclei, with a dimly blue fluorescence
(Figure 4D).

Discussion

hPBSCs are present in a small proportion in the
bloodstream as a heterogeneous group com-
posed of distinct subsets [23]. Using a manual
gating strategy, we first sorted the small-sized
nucleated cells positively stained with Hoechst
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Figure 4. Effect of nebulization on cell morphology and viability. Representative immunofluorescence images of
hPBSCs cocktail before (A) and after ultrasound (B), mesh (C) and compressor (D) nebulization. hPBSCs were
stained with FITC-conjugated monoclonal surface antibody CD45 (1:100) and Hoechst nucleic acid dye 33342 (10
ug/mL). Images were acquired using Leica SP8 confocal microscope using 63x objective. Two main populations
were found: hematopoietic (*) and non-hematopoietic cells (arrow). Compressor nebulization shows no adverse ef-
fects on hPBSCs morphology. Please note three, one, and two hematopoietic cells along with one, one, and two non-
hematopoietic cells were pointed out after ultrasound, mesh, and compressor nebulization, respectively. hPBSCs:

Human peripheral blood-derived stem cells; FITC: fluorescein isothiocyanate.

33342 as a nucleic DNA probe combined with
scattering characteristics, while the inclusion
of Hoechst 33342 improves the precision in
the measurement of nucleated cells by elimi-
nating the effects of debris by flow cytometry
analyses [24].

For identifying the presence of subpopulations
in hPBSCs, we chose the CD34 and CD133
stem cell markers in combination with CD45, a
well-known hematopoietic cell-surface antigen
[23]. Notably, we found that hPBSCs were ch-
aracterized by two main subpopulations,
CD45%™ and CD45, with both fractions expr-
essing CD34 and CD133. The CD45%™/CD34*/
CD133* fraction of cells represents the circulat-
ing hematopoietic stem/progenitors cells [25,
26].

Recent studies by Ratajzcak and colleagues
report the presence of human adult stem cells
(VSELs), known by their pluripotency pheno-
type, their very primitive morphology (5-7 um as
diameter), and considered to be at the top of
the stem cell hierarchy in normal BM, giving
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rise to HSCs, MSCs, and EPCs [27]. VSELs are
classified by the absence of CD45 due to their
non-hematopoietic origin. In this study, we
identified the presence of small-sized cells
CD45/CD34*/CD133* that probably represent
VSELs, but more analysis will be needed.
Furthermore, a small fraction of hPBSCs was
identified to express CD90, known as imma-
ture progenitor cells. Indeed, CD34*/CD90*
cells have been demonstrated to reconstitute
human hematopoiesis in vitro and in vivo [28].

An appropriate understanding of the working
principle and the factors influencing the nebu-
lizers’ performance is mandatory for interpret-
ing our results. Nebulization produces fine ag-
ueous droplets, and aerosolized cells can give
unanticipatedly dynamic aerosol behavior [29,
30]. Interestingly, there are no reports in the
medical literature related to the nebulization of
hPBSCs. Aver'yanov and colleagues have per-
formed nebulization of MSCs in suspension,
demonstrating that the compressor showed
higher viability and cell count compared to
ultrasonic and mesh nebulization [31].

Am J Stem Cells 2021;10(4):68-78
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In our study, a statistically significant difference
in the CD45%™ nucleated cell count was found
after compressor nebulization, without statisti-
cally significant differences among the other
identified subsets. In our opinion, the nebuliza-
tion method by compressor represents physi-
cal stress likely to induce changes in the hPB-
SCs suspensions [32], even though it was the
gentlest method as per our results.

Besides, there was a significant decrease in
the CD45%™ nucleated cell count in the ultra-
sonic-nebulized samples. We attribute the vis-
cosity changes, combined with ultrasonic de-
vice-induced temperature increases, might be
responsible for this decrease [32, 33].

Still, statistically significant differences in both
CD45%m and CD45  nucleated cell counts and
viability were found after mesh nebulization.
Vibrating-mesh nebulizers force samples th-
rough multiple apertures in a plate to generate
aerosols [33], while not all available apertures
produce droplets all of the time and orifices can
get clogged over time [34], resulting in a loss of
viability and cell count after nebulization.

In that regard, the average particle size for
Aerogen® Solo devices is 3.1-3.9 um, as per
manufacturer specifications [35], in such a way
the hPBSCs size heterogeneity are impacting
this nebulizer performance.

The evaporation of the solvent is another influ-
encing factor: the sample concentration and
viscosity increased as nebulization progress-
ed, with a higher magnitude of increase on
ultrasound devices than compressor nebuliz-
ers, while concentration changes are negligible
with mesh nebulizers [36, 37]. With our ultra-
sound-nebulized samples, we detected an in-
creased concentration of viable CD45  cells,
but this did not reach statistical significance.

Regarding the temperature changes in com-
pressor nebulizers, Dennis and colleagues fo-
und that the solution temperature started de-
creasing as soon as nebulization began [38].
Conversely, ultrasonic and mesh nebulizers in-
crease the sample temperatures [32], and we
attributed the temperature changes as one of
the contributing factors for explaining the best
conservation of the analyzed subsets after the
compressor nebulization.

All this evidence suggests CD45%M cells are
less resistant to mechanical or physical stress-
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es than CD45" cells. We hypothesize that cell
size and nuclear-cytoplasmic ratio are determi-
nant factors to resistance during nebulization.
Smaller cells with less cytoplasm volume seem
to better resist the stresses produced by nebu-
lization compared to CD45%™ cells.

Thus, the changes in temperature and viscosity
of the hPBSCs samples in the context of the
physical principles that govern the aerosoliza-
tion processes seem to be most noticeable (in
decreasing order) after mesh, ultrasound, and
compression nebulization. In addition, the mor-
phological changes described in Figure 4 sup-
port these findings.

Consequently, the compressor platform has
demonstrated proper feasibility to nebulize
hPBSCs cocktails isolated from COVID-19 pa-
tients. However, considering that the safety and
effectiveness of the hPBSCs nebulization are
based on different mechanisms, we cannot ex-
clude the possibility that different types of neb-
ulizers will produce distinct clinical effects. Our
main limitations overlap with the unavoidable
limitations of in vitro research, so it will be nec-
essary to conduct additional pre-clinical and
clinical studies. Complex interactions occurring
on validated in vivo models, airway deposition
assays, and emerging technologies for aerosol
generation require further studies.

Conclusions

The nebulized cell delivery technique has been
described as an effective delivery route for
cell-based therapy to treat patients with lung-
related diseases. This study provides the first
evidence that stem cells derived from PB of
COVID-19 patients can be nebulized without
substantial loss of cell viability, cell count, and
morphological changes using the compressor
device. Our group currently provides hPBSCs
therapies delivered through compressor nebuli-
zation (under Expanded Access Programs) to
seriously sick COVID-19 patients who have
exhausted all viable treatment options within
the UAE. We hope this will lead to a novel treat-
ment with high cell survival, cell homing, and
engraftment into the lungs.
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