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Background: The use of a deceased donor (DD) as an alternative source of human mesenchymal stromal
cells (hMSC) is promising, but has been little explored. This study evaluated the potential of femur bone
marrow (FBM) from brain-death donors as a source of hMSC and compared this with hMSC from matched
iliac crest bone marrow (ICBM).

Methods: Sixteen donor-matched FBM and ICBM samples were processed from brain-death donors. We
analyzed the starting material and compared cell yield, phenotypic profile and differentiation capacity of
hMSC.

Results: Neither the amount of nucleated cells per gram (14.6x10°:10.3x10° from FBM vs.
38.8x10°+34.6x10° from ICBM, P>0.09) nor the frequency of CFU-F (0.0042%x0.0036% in FBM us.
0.0057%+0.0042% in ICBM, P>0.73) differ significantly from FBM or ICBM. Cell cultures from both
sources were obtained and hMSC yields showed that there were no significant differences in hMSC
obtained per gram of bone marrow (BM) when comparing femur with iliac crest samples. At passage 2,
12.5x10°£12.9x10° and 5.0x10°+4.4x10° hMSC per gram of BM were obtained from FBM and ICBM,
respectively. FBM and ICBM hMSC express CD73, CD90, CD105, but not hematopoietic lineage markers
[CD45, CD34, CD11, CD19 and isotype of HLA clase II (HLA-DR)]. HLA-A expression from both sources
was clearly detected, while HLA-B was weakly expressed or undetectable and HLA-DR was undetectable.
Cells from both sources were differentiated iz vitro into osteoblasts, adipocytes and chondroblasts.
Conclusions: To our knowledge, there are no previous studies evaluating BM from femur dead donors as a
source of hMSC. Our findings confirm that it is feasible to expand cells from FBM from brain-death donors

meeting in vitro characteristics of hMSC, making them a promising source for clinical translation.
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Introduction

Mesenchymal stromal cells (MSC) constitute a heterogeneous
population of adult multipotent cells that were first isolated
from bone marrow (BM) by Friedenstein in 1968 and
described as adherent fibroblast-like cells with the ability to
form colonies (colony-forming fibroblastic unit; CFU-F)
and bone (1,2). Later, Haynesworth er 4/. described MSC
in human BM and further research demonstrated their
potential to differentiate into mesodermal lineages, such as
osteoblasts, chondrocytes and adipocytes (3). Subsequent
investigations established that human MSC (hMSC) can
be isolated from several tissues. In fact, hMSC are believed
to be located in the connective tissue of most organs and
reside in small numbers among other cells (4).

At present, there are over 1,454 MSCs or mesenchymal
stem cell interventional studies listed according to the
US National Institute of Health—Clinical Trials database
(Home—Clinical Trials.gov). hMISC cells only exist in limited
quantities 7z situ, therefore, in order to obtain therapeutically
effective cell doses, h(MSC are typically manipulated by in
vitro cell expansion. BM obtained from the iliac crests ICBM)
has been one of the most frequent sources for isolation and
expansion of hMSC. This anatomical site was the first and
most widely used in BM harvesting, being accepted as the
“gold standard”. BM heterogeneity in humans has been well
documented. A study by Veyrat-Masson et a/. compared the
proportion of clonogenic progenitors (CFU-F) of ICBM in
relation to femoral head spongy bone collected during hip
arthroplasty and showed that the latter contained a higher
amount of CFU-F (5).

Allogeneic hMSC (allo-hMSC) offer practical
advantages over autologous cells for cell therapy since the
administration of allo-hMSC would avoid the inconvenience
of cell collection procedures to the patient and expansion
timeout. In addition, the tissue source can be previously
selected and validated to maximize potency and safety,
making it a readily available product for treatment in acute-
phase disease (6). Thus, the amount of hMSC from adult
tissues may be limited when obtained from a living donor
and therefore the supply is also very limited (7,8). Research
on an alternative source of hMSC instead of living donors,
such as a deceased donor (DD), has not been fully explored
and could be relevant (9).

The brain-dead organ donor is a distinct and challenging
pathophysiologic condition that can affect organs, tissues
and cells. Difficulties in managing the failure of multiple
organ donors is one of the main reasons for poor yield
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in organ and tissue procurement. Brain death (BD) is a
pathological process which is characterized by hormonal
impairment, hemodynamic imbalance, and a systemic
inflammatory response (10). Obtaining organs and tissues for
transplantation from BD-DD is a widely accepted strategy;
however, during the routine BD-DD process, procuring the
BM is not performed. Therefore, the use of BM from BD-
DD as an alternative source of allo-hMSC is promising but
has been little explored (11-15). The aim of the present
study was to evaluate the potential of femur BM (FBM)
from BD-DD as a source of hMSC for cell therapy. To
our knowledge, there are no previous studies evaluating
BM from femur DD as a source of hMSC. We analyzed
the relative potential of the starting material, phenotypic
profile, proliferation and differentiation capacity of hMSC
obtained from matched FBM and ICBM from BD-DD.
We present this article in accordance with the STROBE
reporting checklist (available at https://sci.amegroups.com/
article/view/10.21037/sci-2023-003/rc).

Methods
Subjects and BM collection

All the procedures were done in accordance with the
Declaration of Helsinki (as revised in 2013) and the Uruguay
national standards for donation and transplantation. This
project is legally framed in the donation and transplantation
laws of Uruguay (Law Nos. 14005/1971, 17668/2003,
1836272008, and 18968/2012) and regulatory decrees on
safety and traceability of tissues and cells (Decree No.
160/2006). Confirmation of deaths were carried out by
authorized technicians. Article 1 and 4 of Uruguayan law
No. 18968/2012 establish that explicit consent was not
required for DDs. They give their presumed consent for
the donation of cells, organs and tissues for therapeutic or
scientific purposes. The study was approved by the National
Ethic Committee from the Instituto Nacional de Donacién
y Trasplante INDT, Ministry of Health, Uruguay, V3-
22032018, https://www.indt.gub.uy).

BD donors selected for organ and tissue donation
according to the INDT criteria (Table SI) were included
provided that they met additional inclusion criteria for this
study, age between 18-70 years and less than 24 h from
death for processing. Donor-matched ICBM and FBM were
collected from eight DDs.

Samples of BM were harvested at the surgical room
during standard tissue ablation procedures. ICBM samples
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were collected by curettage of the anterior iliac crests. After
asepsis of the incisional zone, fragments of spongy bone
were obtained using a curette soaked in saline solution with
100 IU/mL of heparin and transferred immediately into
conical tubes containing 20 mL of alpha-MEM GlutaMax
(Gibco, USA) with 800 IU/mL of heparin (Fu, Uruguay).
FBM samples were obtained by curettage of the proximal
femur epiphysis using a similar procedure. Conical tubes
containing samples were manually shaken to promote further
release of BM cells into the media, then placed at 4 °C in an
isothermic box and transported to the laboratory.

BM processing

Samples were processed under aseptic conditions in a
biological safety cabinet. The tubes containing samples
were weighed and sample size was calculated by subtracting
the weight of the empty collection tubes. Collected BM
samples were diluted a minimum of 1:5 with alpha-MEM
GlutaMax supplemented with 1% penicillin/streptomycin
(Gibco, USA) and mixed, inverting the tube several times.
Cell suspensions were then filtered through a 70 pm cell
strainer (Corning, USA) to remove bone splinters.

Mononuclear cells (MNC) were isolated from each
BM sample using Ficoll-Paque Premium (GE, Sweden,
density =1.077 g/mL) by the density gradient method.
Briefly, filtered cell suspension was layered on Ficoll-Paque
and centrifuged at 400 g for 40 min without break at room
temperature. The MNC layer was collected by a sterile
pipette, washed with Dulbecco’s phosphate-buffered saline
(DPBS; Gibco) and centrifuged two times at 100 g for 10 min.
Finally, MNC were re-suspended in supplemented
culture media. The amount of nucleated cells (NC) was
counted on every sample by both manual and automatic
procedures. Following red cell lysis in 3% acetic acid with
methylene blue, a manual count of NC was performed
using a Neubauer chamber. Automatic leukocyte count
was performed using an automatic cell counter (Cell-dyn
Hematology Analyzer, Abbott). NC counts were calculated
by averaging the results of both methods.

CFU-F assay

For CFU-F assay, isolated NC were resuspended in alpha-
MEM supplemented with 15% fetal bovine serum (FBS)
(Invitrogen, Brazil) at concentrations of 2.5x10" and
5x10° cells/mL; 2 mL of each cell suspension was plated
in triplicate into 35 mm diameter petri dishes. Cells were
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cultured at 37 °C in a humidified atmosphere with 5% CO,
and media was changed after seven days. On the 14" day
cells were washed with phosphate-buffered saline (PBS),
fixed with methanol and stained with 1% crystal violet
diluted in methanol. Colonies of more than 50 cells were
manually counted using a magnifying glass.

bMSC expansion

For in vitro hMSC cultures, isolated NC were seeded into
tissue culture flasks (Nunc EasYFlask, Thermo Fisher
Scientific, Denmark) at a density of 2—4x10’ cells/cm’
using alpha-MEM GlutaMax supplemented with 15% FBS
(Invitrogen) and 1% Penicillin/Streptomycin. Cell cultures
were maintained at 37 °C and 5% CO,. After 1 week, the
supernatant containing non-adherent cells was removed,
cells were rinsed with DPBS and fresh complete medium
was added. Cells were expanded until 80% confluency,
rinsed with DPBS and harvested using Tryple™ Select
(Gibco, Denmark). For further passages, cells were manually
counted and seeded at a density of 4,000 hMSC/cm’ and
grown in a medium containing 15% FBS. hMSC total yield
was calculated per gram of processed tissue at passage 0 (P0),
passage 1 (P1) and passage 2 (P2).

Phenotypic analysis of bMSC by flow cytometry

hMSC from passages 2 and 3 were dissociated using
TrypLE™ Select and suspended at 1x10” cells/mL
in PBS-ethylenediaminetetraacetic acid (EDTA).
Immunophenotypic analysis was performed using Stemflow
hMSC Analysis Kit (BD, catalog #562245, USA) following
manufacturer instructions, see Table S2. Briefly, 100
pL of cell suspension was incubated for 30 min at room
temperature with a mix of antibodies positive for hMSC
(CD90 FITC, CD105 PerCP-Cy5.5, CD73 APC), a
negative cocktail of antibodies (CD34 PE/CD11b PE/
CD19 PE/CD45 PE/HLA-DR PE), as well as isotype
positive and negative control cocktails. After incubation,
cells were washed with PBS-EDTA supplemented with 1%
FBS and 0.09% of sodium azide, centrifuged and suspended
in PBS for flow cytometry analysis. Samples were acquired
using a FACSCalibur flow cytometer (BD, USA) and data
analyzed with CellQuest Pro software (BD, USA).

Analysis of HLA expression

A routine serological complement-dependent cytotoxicity
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(CDC) typing method with allele-specific monoclonal
antibody and complement were able to investigated allele-
specific expression of HLA-A or -B at protein levels on
hMSC tested by their massive killing with relevant anti-
HLA-A or B antibody. Briefly, hMSC from passages 2 and 3
were dissociated using TrypLE"™ Select and resuspended at
2-3x10" cells/pL in Veronal buffer; 1 pL of cell suspension
was added to each well of the Terasaki HLA Tissue Typing
"Trays, Lambda monoclonal typing Tray set class I (catalog
# LM144A and LM144B) and class II (catalog # MDR172)
(One Lambda Inc., USA). After 1 hour of incubation at
room temperature, 5 pL. of Fluoro Quench (One Lambda
Inc., catalog# FQAES500, USA) was added. The readout was
performed by fluorescence microscopy.

Differentiation assays

Differentiation of hMSC into the adipogenic, chondrogenic,
and osteogenic lineages were performed as Russell ez al.
described with some modifications (16).

Briefly, for osteogenic differentiation, hMSC from
passages 2 and 3 were seeded in duplicate at a density of
4.2x10° hMSC/cm’ and expanded until 50-75% confluency
was reached. Osteogenesis was induced with alpha-MEM
GlutaMax supplemented with 10% FBS, 1% Penicillin/
Streptomycin, 100 nM dexamethasone (Sigma-Aldrich,
Bioxtra, USA), 10 mM beta-glycerophosphate (Calbiochem,
USA), and 50 pM L-ascorbic acid 2-phosphate (Sigma-
Aldrich, Japan). The medium was changed 2 times per week.
On day 21 of culture in osteogenic medium, hMSC were
fixed in neutral buffered formalin 10% for 30 minutes and
stained with 1% Alizarin Red S (pH 4.2, Sigma-Aldrich,
China) for 10 minutes to detect calcified extracellular matrix.

For adipogenic differentiation, hMSC from passages 2 and
3 were seeded in duplicate at density of 2.1x10* hMSC/cm’,
expanded until 100% confluency and differentiated over
21 days in adipogenic medium: alpha-MEM GlutaMax
supplemented with 17% FBS, 1% Penicillin/Streptomycin,
0.5 pM dexamethasone, 0.5 mM isobutylmethylxanthine
(Sigma BioUltra, USA), and 50 pM indomethacin (Sigma-
Aldrich, USA). The medium was changed 2 times per week.
"To detect lipid accumulation, cultures were fixed in neutral
buffered formalin 10% for 30 min and stained with 0.2%
Oil Red O (Sigma-Aldrich, USA) in 60% isopropanol
(Biopack, Argentina) for 10 min.

Chondrogenic differentiation was induced in pellet
cultures of hMSC from passages 2 and 3. Conical tubes
in duplicate with 2.5x10° cells/tube and 0.5 mL/tube of
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chondrogenic medium were centrifuged at 200 g for 5 min
at room temperature for pellet formation. Cell pellets were
induced in high glucose DMEM (Gibco, USA) supplemented
with 10 ng/mL of transforming growth factor-beta 3 (Sigma,
SRP3171, USA), 100 nM dexamethasone, 100 pM of
L-ascorbic acid 2-phosphate, 2 mM glutamine (Gibco, USA),
1 mM of pyruvate (Sigma Life, USA), and 10 pL/mL of
insulin-transferrin-sodium selenite liquid media supplement
(I'TS+1) (Sigma, 12521, USA). Medium was changed 3
times per week. Three weeks after culture in differentiation
medium, pellet cultures were fixed in 10% buffered formalin,
embedded in paraffin, sectioned at 5 pm, deparaffinized, and
hydrated before staining. Sulfated proteoglycan deposition
(purple metachromasia) in the extracellular matrix was
assessed by 1% toluidine blue (Sigma-Aldrich, India)
staining. Qualitative analysis was performed by microscopy
using Nikon Tis. Adipogenic and osteogenic differentiation
was performed from iliac crest (n=6) and femur (n=4) and for
chondrogenic differentiation from iliac crest (n=7) and femur
(n=5). Parent hMSC was maintained in growth medium
supplemented with serum without differentiation factors as
negative controls.

Statistical analysis

Data were analyzed using descriptive statistics. Results were
expressed as means = standard deviations, percentages,
and ranges. Comparisons between paired variables of
donor-matched ICBM and FBM groups were tested
using Wilcoxon signed ranks test or paired #-test where
variables had a normal distribution. P<0.05 was considered
statistically significant. Plots and statistical analysis were
performed using GraphPad Prism 8.

Results

Analysis of starting material and bMSC yields from FBM
and ICBM samples

Sixteen donor-matched ICBM and FBM samples were
processed from eight DDs as described in Table I.
An average of 3.88x107£3.46x10" NC per gram and
1.46x107£1.03x10" NC per gram were obtained in
ICBM and in FBM samples, respectively (Figure 1A).
These freshly isolated NC presented clonal proliferative
potential as determined by CFU-F assay. The average
CFU-F frequency was 0.0057%=0.0042% in ICBM NC
and 0.0042%=0.0036% in FBM NC (Figure 1B). Neither
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Table 1 Characteristics of donors (n=8) and bone marrow samples (n=16)*

Donor ID/  Donor  Gender” liac crest ~ Femur BM Total CFU-F periliac ~ Total CFU-F

statistical age (% male: Cause of death PMI® BM weight weight crest processed per femur

data (years) 37.5%) (grams) (grams) sample processed sample

D4 20 F Polytrauma, traffic accident 1,080 3.92 1.24 5,329 1,064

D5 59 M Non-traumatic subdural 510 1.93 1.34 7,107 97
hemorrhage

D6 67 M Spontaneous intracranial 330 0.32 N.D. N.D. N.D.
hemorrhage

D7 18 F Acute asthma 960 0.6 0.82 252 77

D8 45 F Non-traumatic intracerebral 940 1.08 2.26 208 1,398
hemorrhage

D9 53 M Roof fall 1,280 1.71 1.72 5,061 806

D10 44 F Intracerebral hemorrhage, 1,300 0.35 0.15 1,357 N.D.
basal ganglia hemorrhage

D11 42 F Subarachnoid hemorrhage 1,110 2.1 2.86 105 322

Mean 44 939 1.50 1.48 2,774 627

SD 17 349 1.20 0.90 2,961 547

Median 45 1,020 1.40 1.34 1,357 564

Range 18-67 330-1,300 0.32-3.9 0.15-2.89 105-7,107 77-1,398

In this graph the statistical analysis was unpaired because some values were N.D. *, this statistical analysis was unpaired; *, M: male, F:
female; ®, PMI: is defined as the time since death to the start of BM processing in minutes; PMI, postmortem interval; BM, bone marrow;
CFU-F, colony-forming fibroblastic unit; D, donor; N.D., not determined; SD, standard deviation.

the amount of NC per gram (P>0.09) nor the frequency
of CFU-F differ significantly (P>0.73) in freshly isolated
cells from ICBM or FBM. These findings demonstrate the
ability to obtain viable and proliferative hMSC isolated
from DDs from both sources.

Either ICBM or FBM hMSC from DD successfully grew
in culture. hMSC from DD were expanded, considering
initial plating as PO. The comparative analysis of hMSC yields
showed that there were no significant differences in hMSC
obtained per gram of BM when comparing IC with F samples,
in PO (P=0.17), P1 (P=0.82) and P2 (P>0.99) (Figure 1C-1E). At
P2, 12.5x10°£12.9x10° hMSC per gram of BM were obtained
from FBM after 22.6+8.0 days and 5.0x10°+4.4x10° hMSC per
gram of BM were obtained from ICBM after 21.1+9.2 days.

Phenotypic characterization of hMSC generated from
ICBM and FBM

Spindle-shaped cells with the ability to adhere to plastic
were observed after iz vitro culture of MNC isolated from
FBM and ICBM samples of DD (Figure 2). Cultured cells

© Stem Cell Investigation. All rights reserved.

derived from both sources expressed C90, CD73, CD105,
but not CD45, CD34, CD11b, CD19 and HLA-DR
markers by flow cytometry analysis (Figure 3). There were
no statistically significant differences in the percentage
of positive cells when comparing hMSC obtained from
FBM vs. ICBM for all the markers analyzed. Additionally,
the cell-surface expression of HLA class I and II tested
by complement dependent cytotoxicity (CDC) assay was
evaluated. HLA class I and II expression on lymphocytes
derived from the same donor was analyzed as well.
HLA-A antigens expression on hMSC was clearly
defined and comparable with that of donor lymphocytes.
However, HLA-B antigens were very weakly expressed or
undetectable on hMSC samples. Expression of HLA-DR
antigens were not detectable on hMSC (7able 2).

Differentiation assays of hbMSC

The trilineage potential of hMSC obtained from FBM
and ICBM was evaluated using the differentiation
conditions specified above. Representative images of the
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Figure 1 Analysis of starting material and hMSC yields from FBM and ICBM samples. (A) NCs per gram of ICBM (dark gray bar, n=6)
and FBM (clear gray bar, n=6). Mean and SD values are shown. (B) Percentage of colonies per NCs in ICBM (n=6) and FBM (n=6) from
matched donors. Mean values are shown. (C) hMSC yield of passage 0, showing hMSC harvested per gram of ICBM (n=6) and per gram
of FBM (n=6) from matched donors. Mean values are shown. (D) hMSC vyield of passage 1, showing hMSC harvested per gram of ICBM
and per gram of FBM. Mean values are shown. (E) hMSC yield of passage 2, showing hMSC harvested per gram of ICBM and per gram of
FBM. Mean values are shown. NCs, nucleated cells; BM, bone marrow; MSCs, mesenchymal stromal cells; hMSC, human mesenchymal

stromal cells; ICBM, iliac crest bone marrow; FBM, femur bone marrow; SD, standard deviation.

Figure 2 Morphology of cultured hMSC. Representative image of expanded BM hMSC. (A) Iliac crest BM and (B) femur BM. Spindle-
shaped adherent cells with MSC morphology were observed in both sources (scale bar 100 pm). hMSC, human mesenchymal stromal cells;

BM, bone marrow; MSC, mesenchymal stromal cell.
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Figure 3 Flow cytometry analysis of hMSC phenotype. (A) Histogram showing the antigen expression of hMSC (solid line) and isotype

controls (gray filled). A representative hMSC sample for each source is shown. (B) Expression of antigens measured by flow cytometry from

iliac crest BM (dark gray bar, n=7) and femur BM (clear gray bar, n=6). Results are expressed as mean + SD. hMSC, human mesenchymal

stromal cells; BM, bone marrow; SD, standard deviation.

results obtained are shown in Figure 4. All tested samples
derived from FBM or ICBM sources induced adipogenic
differentiation. Red lipid drops were detected using Oil
Red O as shown in Figure 44,4D. In controls without an
induction medium, lipid drops were not observed (Figure 441
and Figure 4D1). For osteogenic differentiation analysis,
calcification of the extracellular matrix was observed when
staining with Alizarin Red D after induction of hMSC
derived from both sources (Figure 4B,4E). Otherwise,
hMSC negative controls remained unchanged (Figure 4B1
and Figure 4E1). Metachromasia (strong pink) produced
by the presence of proteoglycans due to chondrogenic
differentiation was observed in both sources when the
induced hMSC pellets were stained with toluidine blue
(Figure 4C,4F). Proteoglycans were not detected in controls
without induction (blue color), as shown in Figure 4C1

© Stem Cell Investigation. All rights reserved.

and Figure 4F1. In view of these results, DD-hMSC
obtained from both sites, FBM or ICBM, showed trilineage
differentiation potential, without qualitative differences
between them.

Discussion

FBM and ICBM from BD-DD as an alternative source of
hMSC for cell therapy was evaluated. The results confirmed
that it is possible to isolate and expand cells from FBM that
comply with the i vitro characteristics of hMSC.

No significant differences were observed in the amount
of NC obtained per gram of BM when comparing both
sources, even though there was a tendency to be lower in
FBM. Values of NC obtained per gram of BM were in the
same range as those reported in other studies of deceased
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Table 2 HLA classes I and II expression on hMSC and lymphocytes from donors

Cell-surface expression of HLA class |

Cell-surface expression of HLA class Il

Donor ID Source Cell type
HLA-A serotype HLA-B serotype HLA-DR serotype
D4 lliac crest BM hMSC A2, A29(19) Bw6 ND
Peripheral blood Lymphocyte A2, A29(19) B44(12)-Bw4, B60(40)-Bwb DR7, DR15(2)
D8 lliac crest BM hMSC A3, A23(9) ND ND
Femur BM hMSC A3, A23(9) ND ND
Peripheral blood Lymphocyte A3, A23(9) B7-Bw6 DR7, DR15(2)
D10 lliac crest BM hMSC A2, A24(9) ND ND
Femur BM hMSC A2, A24(9) ND ND
Peripheral blood Lymphocyte A2, A24(9) B7-BW6, B35-Bw6 DR13(6), DR16(2)

Analysis of the expression was performed by complement dependent cytotoxicity assay in lymphocytes from peripheral blood and hMSC
from passages two or three from the same donor. HLA, human leukocyte antigen; HLA -A, HLA type A; HLA-B, HLA type B; HLA-DR, isotype
of HLA clase II; hMSC, human mesenchymal stromal cells; BM, bone marrow; ND, not detected.

or live donors (17,18). In addition, the average content of
mesenchymal progenitors quantified by CFU-F assay from
DD (0.0057%=0.0042% in ICBM and 0.0042%+0.0036%
in FBM) was comparable to the ratio of hMSC in relation
to NC reported for live donors (0.001-0.01%) (19).
Furthermore, no significant differences in the content of
mesenchymal progenitors attributed to the source ICBM
vs. FBM) were observed. In contrast to these results, Veyrat-
Masson et al. reported a higher number of CFU-F in FBM
from live donors compared to ICBM (5). This discrepancy
could be attributed to differences in the harvesting methods
applied and the lack of sample matching of the mentioned
study. Vasiliadis ez /. noted that direct comparison of isolated
cell numbers between different studies may be difficult,
as differences in isolation methods, culture times, and
culture media used, led to variable results (18). However,
yields hMSC attained in this study are comparable to
those reported with BM collected from living donors from
FBM (20).

DD-derived hMSCs expressed HLA class I molecules
and did not express HLA class II molecules, as reported
for non-stimulated hMSC from living donors (21). This
result differs from the findings of Cavallo et 4/., who reported
that hMSC from dead donors did not express HLA-ABC,
as judged by staining with the HLA-ABC antibody (11).
HLA-A expression in hMSC using the CDC assay,
was detected while HLA-B expression was very low or
undetectable, as reported in other studies in living donors
(22,23). This result contrasts with expression of HLA-A and
-B found on lymphocytes. Isa et 4l. in 2010 suggested that

© Stem Cell Investigation. All rights reserved.

lack of constitutive HLA-B expression on hMSC could be
influencing the induction of peripheral tolerance towards
HLA-B restricted peptides. They propose that a major
contributor to repression of HLA-B in stem cells during
basal non-induced conditions may be a post-transcriptional
mechanism leading to translational attenuation in stem
cells. Since different HLA alleles have variable affinities
for intracellularly-generated peptides, the lack of HLA-B
expression can influence antigen presentation and the
resulting immune response (22).

The cells obtained from FBM were able to differentiate
in vitro into adipocytes, chondroblasts, and osteoblasts
and presented a phenotype in accordance with the criteria
proposed by the International Society for Cell & Gene
Therapy (24). These results are consistent with other studies
that characterized hMSC from ICBM DDs (11). Moreover,
novel data which arise from the analysis of this study are
that cells obtained from FBM from DD are phenotypically
and functionally equivalent to hMSC obtained from ICBM.
These findings support the use of FBM as a source of
hMSC, as well as ICBM. The fact that FBM from DDs is a
suitable source for producing hMSC may have a promising
potential clinical utility.

Small sample size is a limitation of this study, but we
applied the strategy of using donor-matched FBM and
ICBM samples for hMSC isolation to avoid reported
donor-to-donor variability. On the other hand, to minimize
weight differences between samples, we could have
removed trabecular bone and fat fragments obtained before
weighing. Alternatively, the solid fragments could have

Stem Cell Investig 2023;10:12 | https://dx.doi.org/10.21037/sci-2023-003
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Femur

Figure 4 Differentiation assays of hMSC. Representative images of hMSC from iliac crest BM (A-C) and femur BM (D-F) cultured with
(A-F) or without (A1-F1) induction media to differentiate into adipogenic (A, Al, D and D1, stained with oil red, scale bar 50 ym), osteogenic (B,
B1, E and E1, stained witth alizarin red, scale bar 100 pm) and chondrogenic (C, C1, F and F1, stained with toluidine blue, scale bar 100 pm)
lineages after 21 days. hMSC, human mesenchymal stromal cells; BM, bone marrow.

been separated by filtration and then enzymatically digested
to extract any hMSC from solid fragments (25). However,
the methodology with minimal manipulation used in this
study was based on a clinical translational strategy. The
opportunity to use allo-hMSCs from FBM DD for cell
banking is of great importance. This source could allow

© Stem Cell Investigation. All rights reserved.

collection of hMSC suitable for clinical application. The
feasibility of isolation and expansion of FBM MSC in large-
scale production for clinical application will be studied
in future research. Additionally, upcoming research will
investigate phenotypic safety markers such as TF/CD142 (26)
and more accessible sources of hMSD in DD, and compare
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the results with hMSC from living donors.
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Supplementary

Table S1 Inclusion and exclusion criteria for donation

Inclusion criteria

Exclusion criteria

Age >18 years <70 years”

Time of death <24 h at processing”

History of viral disease
Presence or suspicion of degenerative neurological diseases of possible infectious origin

Active and uncontrolled infection at the time of donation; includes systemic bacterial, viral,
parasitic or fungal infection, or localized infection in the tissues to be used

Presence or history of malignant disease, except histologically proven primary basal cell
carcinoma, non-metastatic primary brain tumor, carcinoma in situ of the uterine cervix that has
been cured for more than 10 years

History of systemic autoimmune disease, or any immunosuppressive treatment
Ingestion or exposure to any toxic

Use of pituitary growth hormone of human origin

History of dura mater, cornea or sclera transplantation

Unknown cause of death. Except when an autopsy can be performed and shows that there is no
reason for exclusion

History of a disease of unknown etiology

Presence of risk factors for disease transmission, taking into account travel history and local
prevalence of infectious diseases

Xenotransplantation recipients

Recent history of vaccination with a live attenuated virus where a risk of transmission is
considered to exist

Indications that test results of donor blood samples will be invalid because of hemodilution,
according to validated specifications where a pretransfusion sample is not available or treatment
with immunosuppressive agents

Presence of social behavioral factors considered risk determinants for HIV, HBV and HCV

*, criteria for the purpose of this research. HIV, human immunodeficiency virus; HBV, hepatitis B virus; HCV, hepatitis C virus.

Table S2 Antibodies used for MSC immunophenotyping

Target Isotype Fluorochrome Clone number Purpose

CD90 IgG1k FITC 5E10 Positive marker
CD105 IgG1k PerCP-Cy5.5 266 Positive marker
CD73 IgG1k APC AD2 Positive marker
CD34 lgG2ax PE 581 Exclusion marker
CD11b lgG2ax PE ICRF44 Exclusion marker
CD19 lgG2ax PE HIB19 Exclusion marker
CD45 lgG2ax PE HI30 Exclusion marker
HLA-DR lgG2ax PE G46-6 Exclusion marker

All the antibodies were supplied in the Stemflow hMSC Analysis Kit (Becton Dickinson Pharmingen, USA). MSC, mesenchymal stromal
cell; HLA, human leukocyte antigen; HLA-DR, isotype of HLA clase Il; hMSC, human mesenchymal stromal cells.
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