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Abstract:

For their clinical use Mesenchymal Stromal Cells (MSCs), isolated from bone marrow (BM-
MSCs) are considered Advanced Therapy Medicinal Products (ATMP) and need to be produced
according to Good Manufacturing Practice (GMP). Human platelet lysate (HPL) represents a good
GMP-compliant alternative to animal serum and we demonstrated that after pathogen inactivation
with Psoralen , it was more efficient and safer to produce MSCs in GMP. In this study MSCs
cultivated in FBS (FBS-MSC) or inactivated HPL (iHPL-MSC), were compared for their
immunomodulant properties. In particular, the effects of MSCs on: 1)proliferation of total
Lymphocytes (Ly) and on naive T Ly subsets induced to differentiate versus Thl and Th2 Ly; 2) the
immunophenotype of different T cell subsets; 3)the cytokine release to verify Thl, Th2 and Th17
polarization were analyzed by using in vitro co-culture system. We observed that iHPL-MSCs
showed the same immunomodulant properties observed in the FBS-MSCs co-cultures. Although, a
more efficient effect on the increase of naive T cells and, in the Th1 cytokine release related to iHPL
was observed. This study confirms that iHPL, used as medium supplement, may be considered a
good alternative to FBS for a GMP-compliant MSC expansion to preserve also their
immunomodulant proprieties.

Keywords: Mesenchymal Stromal Cells; Good Manufacturing Practice; Inactivated Platelet Lysate

1. Introduction

Mesenchymal stromal cells (MSCs) are multipotent cells that can be isolated from a variety of
tissues, capable of producing important factors including multiple cytokines and growth factors. In
the last years their peculiar immunomodulant characteristics, mediated by the release of a plethora
of trophic factors in their secretome, have been considered more than their multilineage
differentiation potential for their clinical use in clinical trials in severe disease: autoimmune, chronic
inflammatory and degenerative conditions [1,2].
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For their clinical use MSCs, isolated from bone marrow (BM-MSCs) are considered Advanced
Therapy Medicinal Products (ATMP) and need to be produced according to Good Manufacturing
Practice (GMP) [3,4]. Since the use of xenogeneic protein free GMP-compliant growth media is a
prerequisite for clinical MSC isolation and expansion, human platelet lysate (HPL) has been
efficiently substituted to fetal bovine serum (FBS) into MSC clinical manufacturing. For these reasons,
it represents a good GMP-compliant alternative to animal serum for MSC clinical production
confirming recent data reported in the literature [5-7]. As the risk of transmission of infective agents
not routinely tested, or for which no tests are available remains, HPL quality and safety had to be
greatly improved. We demonstrated that pathogen inactivation with Psoralen was efficient to isolate
and expand safer MSC in GMP conditions [8]. Pathogen Inactivation (PI) technology was used for
the first time in 1991 [9] to treat fresh-frozen plasma and then also for platelet and red cells (RBCs)
[10]. This technology efficiently remove a wide range of pathogens, with no toxicity or effect on
product potency and might also prevent the transmission of unknown pathogens [11-15]. For this
reason to make a safer preparation of HPL for GMP production we used pathogen inactivation by
psoralen to make HPL safer for the production of MSCs in GMP condition [8]. We also demonstrated
that HPL subject to pathogen inactivation (inactivated HPL: iHPL) was more advantageous in terms
of cellular growth and stemness in MSCs isolated from bone marrow (BM-MSCs). On the base of our
findings about iHPL and of literature data on a possible decrease of immunomodulant properties of
MSCs cultured in HPL [16] we studied some iHPL effects on immunomodulatory properties of MSCs.

In this study BM-MSCs were isolated and expanded simultaneously in iHPL ( iHPL-MSCs) in
GMP compliant conditions and in FBS (FBS-MSCs) in standard condition usually reported in the
literature in the immunomodulant studies [17]. In particular, we focused on the effects of FBS-MSCs
and iHPL-MSCs on T lymphocytes (Ly) as investigated also in a previous paper [18]. MSCs do not
express MHC class II and costimulatory molecules, such as CD40, CD80 or CD86, and different
studies show that MSCs are able to inhibit or limit inflammatory responses and mitigate anti-
inflammatory pathway inhibiting directly or indirectly disease-associated Th1, Th2, and Th17 cells
as well as cytotoxic T lymphocytes [17-20]. The effects of MSCs cultivated with the two different
supplements were analyzed by using in vitro co-culture system with Peripheral Blood Mononuclear
Cells (PBMC) stimulated with Phytohemagglutinin (PHA-PBMC). In particular, the following points
were analyzed:

¢ the effect on proliferation of total Ly;

* the effect on proliferation of naive T Ly subsets induced to differentiate versus Th1 and Th2

Ly;

e the immunophenotype of different T cell subsets (naive, memory, effector, Thl and Th2

lymphocytes);

2. Experimental Section

2.1. Isolation and expansion, analysis and characterization of human MSCs

Human BM samples were obtained from healthy donors from the discarded collection bag, after
filtration of BM collection performed for a familiar allogeneic hematopoietic stem cell transplantation.
Informed written consent was obtained from each donor in accordance with the Declaration of
Helsinki and the City of Health and Science of Turin - Ordine Mauriziano hospitals’ ethics committee.

The bag was washed 3 times with Phosphate Buffer Saline (PBS) 1X (Lonza, Versviers, Belgium)
and the cells were collected and washed at 200g for 10 minutes. An aliquot of whole BM was counted
and plated directly in T75 o T150 flasks (Becton Dickinson, Franklin Lakes, NJ, USA) at 1x10* cells
/cm?. The cells were simultaneously plated in two different condition containing a« MEM (Biochrome,
Berlin, Germany), 2mM L-glutamine (Sigma-Aldrich®) and penicillin/ streptomycin 1X ( Euroclone,
Pero, Mj, Italy) supplemented with 10% of FBS (Sigma-Aldrich®) or 10% of iHPL. HPL was prepared
in the Blood Component Production and Validation Center, City of Health and Science of Turin, S.
Anna Hospital, from a pool of platelets of healthy donors and subjected to pathogen inactivation by
psoralen as described in [21].
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The culture was maintained at 37°C with a 5% CO? atmosphere. After 5-7 days, the non-adherent
cells were removed, and the adherent cells were re-fed every 3-4 days. In order to expand the isolated
cells, the adherent semi-confluent monolayer was detached with trypsin/EDTA 1X (Sigma-Aldrich®)
for 5 minutes at 37°C and expanded for several passages until they no longer reached confluence.

Only the cells which were compliant to the International Cellular Society MSC criteria [22], and
which were not senescent, were frozen in FBS with 10% dimethyl sulfoxide (DMSO, Euroclone,
Pero, M, Italy) or in Physiological solution containing 5% of human albumin and 10% DMSO. The
cells were then thawed at the moment of the experiments in this study.

BM-MSCs used for this study, were analyzed for viability, immunophenotype, differential and
proliferative potential to verify that the freezing had not altered the MSCs’ characteristics as
described in details in a previous work [18]. The BM-MSCs isolated and expanded in FBS or in iHPL
were denominated, as described above, respectively FBS-MSCs and iHPL-MSCs.

2.2. Preparation of human Peripheral Blood Mononuclear Cells (PBMC)

PBMC were separated from buffy coats by centrifugation on a Ficoll Hystopaque density
gradient. The buffy coats were obtained from the Blood Component Production and Validation
Center, City of Health and Science of Turin, S. Anna Hospital, from healthy donors, after informed
consent, using an automated blood component separator (Compomat G5, Fresenius Kabi; Bad
Homburg, Germany). Donors were negative for infectious markers (Hepatitis B and C, HIV 1-2 and
Treponema pallidum) in accordance with Italian laws and European guidelines.

2.3. Co-culture MSC/T cells

All co-culture experiments were performed following the same experimental design previously
described [18]. Briefly, BM-MSCs were plated in 6, 24 or 96 well plates or T-flasks (25cm?) containing
total PBMC from an unrelated donor (the MSCs/T cell ratio was 1:10). To trigger T lymphocytes,
PBMC were stimulated with Phytohemagglutinin (PHA) (2.5 pg/mL). We also isolated T naive cells
through magnetic separation with CD45RA microbead and used a cocktail of antibodies and cytokine
to trigger lymphocytes in Th1l and Th2 subsets as described in [18].

The culture conditions were: 1) MSCs alone; 2) Unstimulated PBMC; 3) PHA-stimulated PBMCs
(PHA-PBMC); 4) Co-culture of MSC-T cells with unstimulated PBMCs; 5) co-culture of MSCs with
PHA-PBMC; 6) Th1 or Th2 lymphocytes; 7) co-culture of MSCs with stimulated Th1 or Th2 induced
CD45RA+.

The supernatants were collected to analyze Th1,Th2 and Th17 cytokine release analysis (IL-2, IL-
12, INF-y and TNF-o and IL-10, IL-4, IL-6, IL-17 respectively) performed by ELISA (Mabtech, ELISA
Assay).

For proliferation test, MSCs were irradiated at 3000 rad and plated into 96-well plates in 100 uL
of complete a-MEM medium (2x103 cells/well) in triplicates. After 24 hours, 2x10* PBMC were added
to wells (in 100 pL volume) containing or lacking MSCs in the presence of the mitogen PHA (2.5
ug/mL). The MSC/PBMC ratio was 1:10. The condition without PHA was used as controls. Four hours
before the end of the 72-hour co-culture SH-thymidine (1 uCi (0.037 MBq) was added. Incorporated
radioactivity was evaluated after cells harvesting in counts per minute (cpm) using a 1450 Microbeta
TriLux apparatus (Perkin Elmer, Boston, MA).

2.4. Cytofluorimentric analysis

PBMC characterization was described in details in a previous work [18]. All antibodies (mAb)
were from Becton Dickinson Antibodies and were used in the following panels with the appropriate
amount of antibody and time of incubation (20 minutes), according to the antibody titration as
described by Rustichelli and colleagues [23]: anti-human CD45RA-FITC /CD45RO-PE/CD3-
peridinin-chlorophyll protein cyanine 5.5 (PerCP-Cy5.5)/CD8-APC, CD45RA-FITC/CD45RO-
PE/CD3-PercP-Cy5.5/CD4-APC. The labeled cells were thoroughly washed with PBS 1X (200 g for 10
minutes) and analyzed on a FACSCanto II (Becton Dickinson) with the DIVA software program.
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The percentage of positive cells, calculated using the unstained cells as a negative control, was
used to calculate the absolute number on the basis of the cell number counted after 5 days of co-
culture.

2.5. Evaluation of cytokine release by ELISA

The supernatants were collected for Thl and Th2 cytokine release analysis (IL-2, IL-12, IFN-y
and TNF-o and IL-10, IL-17, IL-4, IL-6, respectively), performed by ELISA kit coated at home
(Mabtech, ELISA Assay) as previously described [18]

2.6. Statistical analysis

All the data obtained in this work were analyzed by Graph PAD Prism (version 8) statistical
software. In all graphics mean values with standard error f mean (SEM) were reported. The effects of
FBS-MSCs and iHPL-MSCs on T lymphocytes were analyzed in the different experiments with
repeated measures by two-way ANOVA. Multiple comparison Tukey test was used to compare every
mean with every other mean and Dunnett test was used to compare the co-culture conditions with
the control condition (PHA-PBMC).

All statistical tests were considered significant for a P<0.05, highly significant for p<0.001 and
very highly significant for P<0.0001.

3. Results

3.1. MSC characteristics

Thawed FBS-MSCs and iHPL-MSCs, grew and reached confluence within a few days. Prior to use, the cells
were analysed for immunophenotype and multipotent characteristics as demonstrated in [21]. MSCs,
independently from the culture condition were negative for CD45, CD34 and CD14 and HLA-DR and were
positive (over 95%) for CD90 (a membrane glycoprotein, also called Thy-1), CD105 (endoglin) and CD73.
CD146 (cell surface glycoprotein MUC18) was also tested and was positive in all the samples. No statistical
differences were observed between the two groups in terms of both positive cell percentages and fluorescence

means of the positive markers as shown in the
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Figure 1 - Inmunophenotype of representative FBS-MSCs and iHPL-MSCs cultures post thawing.

3.2 MSC/T cell interaction and Proliferative assay

The 3H-thymidine incorporation data of each experiment was expressed as a mean of counts per
minute (cpm) of the triplicate and graphed in the Figure 2 with their SEM. PHA-PMSC showed high
value of cpm (mean with SEM: 140265+ 34868) that significantly decreased in the co-culture
conditions, respectively of 33911 + 6919 in FBS-MSCs and of 43723 + 9339 in iHPL-MSCs. Two Anova
test and multiple comparison analysis showed a significant difference between PHA-PBMC vs. PHA-
PBMC + FBS-MSCs (p=0.007) and between PHA-PBMC vs. PHA-PBMC + iHPL-MSC (p=0.0016) ; no
significant differences were observed between PHA-PBMC + FBS-MSC vs. PHA-PBMC + iHPL-
MSC.

However different modulations in proliferative activity in Thl and Th2 induced PBMCs were
observed, without significant differences between FBS-MSCs and iHPL-MSCs.
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Figure 2 - Proliferative assay on stimulated PBMCs and on induced Thl and Th2 cells alone and in
co-culture with FBS-MSCs o iHPL-MSCs. Each histogram represented the mean values + Standar
Error Mean of each condition (n=5) and the symbol * indicate statistically significant difference with
p<0.05.

3.3. T cell subsets determination

The multiparameter flow cytometric analysis allowed the identification of the following T
subsets, based on the antibody combination used:

e cytotoxic T naive cells : CD45RA* /CD3+/CD8*

*  Thnaive cells: CD45RA*/ CD3+/CD4*

*  Cytotoxic T memory cells CD45RO*/CD3+/CD8*
e Th memory cells: CD45RO*/CD3+/CD4*

From the percentage obtained by cytofluorimetric analysis we calculated the absolute number
of cells after 5 days of co-culture (PHA- PBMC + FBS-MSCs and PBMC + iHPL-MSCs). The data,
obtained for naive and memory T subsets from 10 experiments, were summarized in the Figure 3.
The percentage of these subsets was strictly related to the variability of the donors. Despite we
obtained a variable number in the PHA-PBMC, we observed a strong statistical significance in both
the co-cultures with FBS-MSCs and iHPL-MSCs in comparison to the single culture of PHA- PBMC.
Interestingly, in all the experiments the different subsets showed the same modulation trend. In
particular, in PHA-PBMC, memory T cells were higher than naive cells and, after co-culture with
both FBS-MSCs and iHPL-MSCs, it was observed that: a) This ratio reversed in favour of naive T cells,
especially naive cytotoxic subsets; b) both CD4 and CD8 memory T cell subset significantly
decreased. Two Way Anova multiple comparison showed a significant increase of naive cells
CD45RA both helper (CD45RA+3+4+) and cytotoxic (CD45RA+3+8+) in co-cultures with PHA-PBMC
+ iHPL-MSCs respectively with p=0.0302 and 0.1076. The decrease of the memory cells both
CD45RO+3+4 either CD45RO+3+8+ was highly significant in all co-culture conditions as shown in the
Figure 3 . In particular, comparing PHA-PBMC vs PHA-PBMC + FBS-MSCs and vs PHA-PBMC +
iHPL-MSCs we observed respectively a p value=0.002 and p=0.007 for the CD45RO+3+4+ and a p
value =0.0010 and 0.0017 for the CD45RO+3+4+.
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Figure 3 - T subsets evaluated in PHA-PBMC alone and in co-cultured with FBS-MSCs and iHPL-
MSCs and expressed in mean values + SEM. The symbols *, **, *** indicate statistically significant

difference respectively with p<0.05, p<0.01, p<0.001.

3.5. Th1/Th2/Th17 cytokine release

PHA-PBMC were used as a control and the range of analysed cytokines was reported in the
Figure 4. As also described in literature [24], PHA-PBMC showed high levels of IL-2, IL-12, TNF-a
and IFN-y and in all the co-culture conditions we observed a strong decrease in these cytokine release
. We also analyse the constitutive expression of these in cytokines in FBS and iHPL-MSCs and we
observed no difference between them: a)Negligible levels of Th1 cytokine, except for IL-12 which was
higher than IL-12 levels in PHA-PBMC; b) Very low Th2 cytokines and 3) significant levels of IL-6
and IL-17.

For all the cytokines, the multiple comparison statistical analysis did not reveal any significant
differences between FBS-MSCs and iHPL-MSCs. So we focused our statistical analyse on the effects
the different MSCs on PHA-PBMC using Dunnet’s test .

In the co-culture experiments we observed a significant decrease of IL-2 concentration both with
FBS-MSCs (p= 0.0112) either with iHPL-MSCs (0.0007). Also IL-12 produced in high levels in PHA-
PBMC decrease, even if FBS and iHPL-MSCs constitutively produced higher levels of this cytokine
than PHA-PBMCs, we observed a reduction of IL-12 in the two co-culture conditions (Figure 4).

The high level of TNF-a produced by PHA-PBMC decreased in all MSC co-culture conditions
as shown in Figure 4 C. Also, IFN-y decreased in the co-cultures with MSCs (Figure 4).
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PHA- PBMCs produced moderate amounts of Th2 cytokine levels (IL-4 and IL-10), which
increased in the presence of MSCs in all co-culture conditions, but without statistically significant
differences in the two co-culture conditions (Figure 4 ).

Moreover, PHA stimulated PBMCs showed a moderate production of IL-17 and IL-6 which
increased in all co-culture experiments with MSCs. The data are reported in the Figure 4 and multiple
comparisons test showed a significant increase of IL-6 respectively in the co-culture with FBS-MSCs
and iHPL-MSCs (p=0.0402 and p=0.0469 ), but no statistically difference were observed in IL-17 level.
Also here, no differences were observed between FBS and iHPL-MSCs.
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Figure 4 - Th1 (IL-2, IL-12, TNF-a..INF-y), Th2 (IL-4, IL-10) and Th17 (IL-6, IL-17) cytokines release
(pg/ml) analysed by ELISA assay in FBS-MSCs , HPL-MSCs and PHA-PBMC alone and in the co-
cultures PHA-PBMC with FBS-MSCs o iHPL-MSCs in mean values + SEM (n=3). The symbol *, ***
indicate statistically significant difference with p<0.05, p<0.001.
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4. Discussion

Regenerative medicine is of growing interest in biomedical research and in this context, MSCs
are a promising tool for cell therapies for their multipotent, bystander and immunomodulant
proprieties. For these reasons, MSCs are used for a very wide range of therapeutic applications, the
majority of which are in Phase I, Phase II, or a mixture of Phasel/Il studies. Some phase III and IV are
also in progress (www.clinicaltrial.gov). A variety of protocols are described for the GMP MSC

production, some of these also using selected FBS, other xeno-free components or HPL or plasma.
Since MSCs are considered ATMP, qualified protocols with standard and precise characteristics,
large-scale quality, and relatively low-cost production need to be developed using xeno-free media
for clinical-grade expansion [25,25,26]. In the last years we have been setting up the methods to
isolate and expand MSCs for clinical use and we, also, demonstrated that iHPL, prepared in house
from a big pool of donor platelets underwent to pathogen inactivation by psoralen, was more efficient
and safer than FBS to isolate BM-MSCs in GMP condition [21,27]. As emerged from the analyses of
the pluripotency markers, such as Oct-3/4 and NANOG, these proliferative and differentiative
properties of the iHPL-MSCs might be linked to more immature stemness in comparison with FBS-
MSC. These observations indicate that iHPL-MSCs contain a subpopulation of multipotent stem cells,
which might be the precursors of MSCs, with a more primitive phenotype than those of FBS-MSCs
[8].

In this study, we tested if MSCs isolated and expanded in iHPL preserve their immunomodulant
proprieties analysing their effects on T lymphocytes in comparison with MSCs isolated and expanded
in FBS whose immunomodulating properties have already been described in the literature [17,18,28].

The ability to modulate the alloreactive immune response has been documented for MSCs
derived from human BM; concurrently comparative studies between FBS-MSCs and HPL-MSCs were
already performed and indicate that HPL, used as supplement for MSCs media, supports immune
modulation at least to the same extent than FBS in addition to its role during MSC isolation and
expansion [29-31]. No comparative studies of immunomodulation were performed between FBS-
MSC and MSC cultured in iHPL, which is even safer and more GMP compliant than HPL for MSC
expansion [21].

BM-MSCs cultured in alpha-MEM + 10% of FBS or 10% of iHPL (FBS-MSC and iHPL-MSC)
aliquots were thawed and: i) immunophenotipic (Figure 1), proliferative and differentiative
characteristics were not modified (data not shown) by cryopreservation, and ii) their
immunomodulant effects on T cells of healthy donors were compared. The results, in accordance
with literature, showed that MSCs cultured both in FBS and iHPL are multipotent stem cells with the
immunophenotyic characteristics and differentiative potential as established by guidelines by the
Cellular Therapy Society [32].

Since T-cells are the primary cells in adoptive immune response, an evaluation and comparison
of the inhibitory effects of MSCs on total activated T-cells with a potent mitogen (PHA) and on naive
T-cells induced to differentiate in Thl and Th2 effector cells. A T-cell proliferation assay showed
inhibitory effects on PHA- PMBC in all co-culture conditions, while the proliferation data obtained
in induced Th1 and Th2 effector cells were not homogenous and statistically significant. However,
these results suggest that T cell inhibition might be strictly related to an interaction of these cells with
other cells from innate immunity (such as dendritic cells and NK) not present in co-cultures with Th1-
and Th2- induced cells alone.

No significant differences were found in the inhibition of T cell proliferation in co-culture with
FBS-MSCs or iHPL-MSCs. When we analysed the different T subsets, we observed a statistically
significant increase of naive T cells in the co-cultures with iHPL-MSCs as well as a strong decrease of
memory T cells in both the co-cultures with FBS-MSCs and iHPL-MSCs. Indeed, the presence of
MSCs induced a reversal of the ratio (compared to stimulated PHA-PBMC) of these subsets in the co-
cultures in favour of both CD4+ and CD8+ naive T cell subpopulations. iHPL showed a higher effects
of naive T cells than FBS in the co-culture with MSCs.

An important mechanism by which MSCs have beneficial effects in cell therapy is the paracrine
action of secreted cytokines. Major cytokines associated with pro-inflammatory and anti-
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inflammatory functions were analysed and compared. A noteworthy finding was a distinctly high
concentration of IL-12 in MSCs. Independently from the culturing conditions, MSCs also produced a
moderate concentration of TNF-a and negligible amounts of IL-2 and IFN-y. PHA-stimulated PBMC
showed high levels of Thl cytokine as reported in Lee et al [33]. In all co-culture experiments, we
observed a decrease of all Thl cytokines. The interaction MSCs/T cells might block the Thl
polarization because this phenomenon was also found for IL-12 produced in high concentrations also
by MSCs. It is interesting to note that IL-4 and IL-10, the major anti-inflammatory cytokines, increased
in co-cultures with FBS-MSCs and iHPL-MSCs but without reporting statistical differences .

The same effect was observed for the Th17 cytokines. Moreover, the MSCs, independently from
the culturing condition, produced high levels of both IL-6 and IL-17, so it is difficult to understand
the significant increase of these cytokines in the co-culture with PHA-activated PBMCs.

As showed in literature also here, MSCs in the two different experimental conditions inhibited
or limited inflammatory responses and promote the mitigating and anti-inflammatory pathway
especially on Thl cells, leading to a paradoxical increase of pro-inflammatory Th17 cells. A
mechanism that could explain the late stimulating effect of MSCs on pro-inflammatory Th17 cells is
the up-regulation of IL-6 levels in the cultures, since IL-6 is a main mediator of Thl7 cell
differentiation [28,34,35]. Furthermore, in agreement with the results in this study, IL-6 might also
inhibit the differentiation of Thl subset. IL-4 and IL-10 are indicative of a Th2-deviated immune
response and might be produced by a cellular compartment different from the T cells in PBMC.
However, from these studies, conclusions cannot be drawn on the separate roles of the different
cytokines in either mediating inhibition directly or inducible inhibition because of the complex
interaction of many factors.

On the base of our results we observed that iHPL preserve all analysed immunomodulant
proprieties of MSCs as well as FBS and for some effects it is also more efficient. For this reason, they
may be more effective than FBS-MSCs in the control of immune-mediated pathologies, particularly
GVHD. On the other hand HPL-MSCs appeared particularly useful in regenerative medicine [16].

The advantage of HPL in obtaining MSCs in vitro expansion is related not only to the increment
of proliferation but also to the fact that, different from FBS, HPL does not induce antibody responses
in patients [38,39] and its inactivation with psoralen makes it even safer than HPL blocking and
inactivating the replication of viruses, bacteria and leukocytes in PLT concentrates [11,38]. The fact
that we and other [11] found differences in immunomodulant properties of FBS-MSsC and
HPL/iHPL-MSCs that, in our case, are not are not significant, offer an interesting clue regarding
possible functional differences in MSC output and clinical applications [21].

In Conclusion, for each experiment a contingency table is given (Table 1- Summary of results)
where the MSC proprieties and their effects on T-cells are considered as strong, higher or moderate
and it can thus be stated that:

¢ iHPL show a greater proliferative, differentiative and stemness potential than FBS-MSC [8]

¢ Both FBS-MSCs and iHPL-MSCs showed a potent immunomodulant effect on T-cells
without strong significant differences between them.

e  This study confirm that iHPL, used as medium supplement, may be considered a more
efficient additive alternative to FBS for a GMP-compliant MSC expansion.

The development of new strategies for the large scale production of these cells, according to
current regulations, including GMP, represents a fundamental step to allow their use in effective
therapeutic approaches..

The use of iHPL as an alternative to FBS to isolate and expand MSC confirmed that it is possible
to obtain a number of MSCs in large scale for clinical doses which maintained intact all their
characteristics, including their immunomodulant properties. The application of iHPL as medium
supplement, further reduce manufacturing time, limiting the passages and reducing the starting
volume of BM. Moreover, the pathogen inactivation treatment did not modify the characteristics of
HPL, made it safer and more suitable for MSC isolation and expansion for clinical use and might be
a requirement for GMP MSC expansion.

This study might well open the way for new ambitious projects which will allow the
identification of new and more advantageous way to culture MSCs, which was safer than those
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commonly used, in order to create a bio-bank of ready to use MSCs for clinical use. The possibility of
banking MSCs isolated from BM or other sources under GMP conditions in an AIFA (Agenzia Italiana
del Farmaco — the Italian Medicine Agency) accredited Cell Factory might represent a new scenario
for their clinical use in cell therapy protocols providing a continuous supply of cells to treat patients
with acute GVHD after allogeneic hematopoietic stem-cell transplantation, solid organ
transplantation or in inflammatory and autoimmune diseases.

5. Conclusions

Table 1 summarized the results obtained in all experiments of this study. The symbols “+++”,
“++” and “+” or “-/+” indicate the expression or effect grade as very strong, high and moderate,
statistically significant, respectively.

Table 1. Summary of results (* indicate that data are statistically significant).

FBS - MSC iHPL- MSC

MSC characteristics

MSC immunophenotype* ++ i+
Proliferative potential* + T+
Pluripotency marker expression (protein) + +H++
MSC Thl cytokine production ++ ++
MSC Th2 cytokine production -/+ -/+
MSC Th17 cytokine production ++ ++

Effect on T-cells

Inhibition T proliferation® ++ ++
Naive T helper Increase* -/+ +
Naive T cytotoxic Increase* -/+ +
Memory T helper Decrease® 4+ T+
Memory T cytoxic Decrease® ++ ++
Th1 cytokine decrease* ++ T+
Th2 cytokine release increase + +
Th17 cytokine release increase® ++ ++

Author Contributions:

Katia Mareschi contributed for conceptualization, methodology, investigation , writing original
draft and review final version of the manuscript

Sara Castiglia contributed for methodology, investigation , writing original draft and review final
version of the manuscript

Aloe Adamini, Deborah Rustichelli, Elena Marini, Alessia Giovanna Sante banche Niclot,
Massimiano Bergallo, Luciana Labanca contributed for methodology and investigation

Ivana Ferrero contributed to the final review of the manuscript
Franca Fagioli contributed to the funding acquisition and final review of the manuscipt

Funding: “This research received no external funding”


https://doi.org/10.20944/preprints202005.0443.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2020

Acknowledgments:

We are grateful to ADISCO, no profit association for its support to the project and Professor Mirella
Giovarelli and Dr. Paola Cappello for their generous help in carrying out the thymidine experiments.

Conflicts of Interest:

The authors declare no conflict of interest.

References

(1]

(2]

(8]

(10]

(11]

(12]

(13]

Galipeau ], Sensébé L. Mesenchymal Stromal Cells: Clinical Challenges and Therapeutic
Opportunities. Cell Stem Cell 2018;22:824-33. https://doi.org/10.1016/j.stem.2018.05.004.
Mishra VK, Shih H-H, Parveen F, Lenzen D, Ito E, Chan T-F, et al. Identifying the Therapeutic
Significance of Mesenchymal Stem Cells. Cells 2020;9. https://doi.org/10.3390/cells9051145.
DAUE R. EudraLex - Volume 4 - Good Manufacturing Practice (GMP) guidelines. Public Health
- European Commission 2017. https://ec.europa.eu/health/documents/eudralex/vol-4_en
(accessed March 25, 2020).

Anonymous. Guidelines relevant for advanced therapy medicinal products. European
Medicines  Agency 2018.  https://www.ema.europa.eu/en/human-regulatory/research-
development/advanced-therapies/guidelines-relevant-advanced-therapy-medicinal-products
(accessed May 24, 2020).

Fekete N, Rojewski MT, Fiirst D, Kreja L, Ignatius A, Dausend J, et al. GMP-compliant isolation
and large-scale expansion of bone marrow-derived MSC. PLoS ONE 2012;7:e43255.
https://doi.org/10.1371/journal.pone.0043255.

Capelli C, Domenghini M, Borleri G, Bellavita P, Poma R, Carobbio A, et al. Human platelet
lysate allows expansion and clinical grade production of mesenchymal stromal cells from small
samples of bone marrow aspirates or marrow filter washouts. Bone Marrow Transplant
2007;40:785-91. https://doi.org/10.1038/sj.bmt.1705798.

Schallmoser K, Rohde E, Bartmann C, Obenauf AC, Reinisch A, Strunk D. Platelet-derived
growth factors for GMP-compliant propagation of mesenchymal stromal cells. Biomed Mater
Eng 2009;19:271-6. https://doi.org/10.3233/BME-2009-0591.

Castiglia S, Mareschi K, Labanca L, Lucania G, Leone M, Sanavio F, et al. Inactivated human
platelet lysate with psoralen: a new perspective for mesenchymal stromal cell production in
Good Manufacturing Practice conditions. Cytotherapy 2014;16:750-63.
https://doi.org/10.1016/j.jcyt.2013.12.008.

Horowitz B, Bonomo R, Prince AM, Chin SN, Brotman B, Shulman RW. Solvent/detergent-
treated plasma: a virus-inactivated substitute for fresh frozen plasma. Blood 1992;79:826-31.
Prowse CV. Component pathogen inactivation: a critical review. Vox Sang 2013;104:183-99.
https://doi.org/10.1111/j.1423-0410.2012.01662.x.

Tice RR, Gatehouse D, Kirkland D, Speit G. The pathogen reduction treatment of platelets with
S-59 HCl (Amotosalen) plus ultraviolet A light: genotoxicity profile and hazard assessment.
Mutat Res 2007;630:50—68. https://doi.org/10.1016/j.mrgentox.2007.02.008.

Blajchman MA. Protecting the blood supply from emerging pathogens: the role of pathogen
inactivation. Transfus Clin Biol 2009;16:70—4. https://doi.org/10.1016/j.tracli.2009.04.004.

Chen M-S, Wang T-J, Lin H-C, Burnouf T. Four types of human platelet lysate, including one
virally inactivated by solvent-detergent, can be used to propagate Wharton jelly mesenchymal
stromal cells. N Biotechnol 2019;49:151-60. https://doi.org/10.1016/j.nbt.2018.11.003.

d0i:10.20944/preprints202005.0443.v1


https://doi.org/10.20944/preprints202005.0443.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2020

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(23]

(26]

(27]

Viau S, Eap S, Chabrand L, Lagrange A, Delorme B. Viral inactivation of human platelet lysate
by gamma irradiation preserves its optimal efficiency in the expansion of human bone marrow
mesenchymal stromal cells. Transfusion 2019;59:1069-79. https://doi.org/10.1111/trf.15205.
ZhuL, Li C, Wang D. A novel ultraviolet illumination used in riboflavin photochemical method
to inactivate drug-resistant bacteria in blood components. ] Photochem Photobiol B, Biol
2020;204:111782. https://doi.org/10.1016/j.jphotobiol.2020.111782.

Abdelrazik H, Spaggiari GM, Chiossone L, Moretta L. Mesenchymal stem cells expanded in
human platelet lysate display a decreased inhibitory capacity on T- and NK-cell proliferation
and function. Eur ] Immunol 2011;41:3281-90. https://doi.org/10.1002/eji.201141542.

Duffy MM, Ritter T, Ceredig R, Griffin MD. Mesenchymal stem cell effects on T-cell effector
pathways. Stem Cell Res Ther 2011;2:34. https://doi.org/10.1186/scrt75.

Mareschi K, Castiglia S, Sanavio F, Rustichelli D, Muraro M, Defedele D, et al
Immunoregulatory effects on T lymphocytes by human mesenchymal stromal cells isolated
from bone marrow, amniotic fluid, and placenta. Exp Hematol 2016;44:138-150.el.
https://doi.org/10.1016/j.exphem.2015.10.009.

Consentius C, Reinke P, Volk H-D. Immunogenicity of allogeneic mesenchymal stromal cells:
what has been seen in vitro and in vivo? Regen Med 2015;10:305-15.
https://doi.org/10.2217/rme.15.14.

Kim H, Lee M]J, Bae E-H, Ryu JS, Kaur G, Kim H]J, et al. Comprehensive Molecular Profiles of
Functionally Effective MSC-Derived Extracellular Vesicles in Immunomodulation. Molecular
Therapy 2020. https://doi.org/10.1016/j.ymthe.2020.04.020.

Castiglia S, Mareschi K, Labanca L, Lucania G, Leone M, Sanavio F, et al. Inactivated human
platelet lysate with psoralen: a new perspective for mesenchymal stromal cell production in
Good Manufacturing Practice conditions. Cytotherapy 2014;16:750-63.
https://doi.org/10.1016/j.jcyt.2013.12.008.

Dominici M, Le Blanc K, Mueller I, Slaper-Cortenbach I, Marini F, Krause D, et al. Minimal
criteria for defining multipotent mesenchymal stromal cells. The International Society for
Cellular Therapy position statement. Cytotherapy 2006;8:315-7.
https://doi.org/10.1080/14653240600855905.

Rustichelli D, Castiglia S, Gunetti M, Mareschi K, Signorino E, Muraro M, et al. Validation of
analytical methods in compliance with good manufacturing practice: a practical approach. J
Transl Med 2013;11:197. https://doi.org/10.1186/1479-5876-11-197.

Lee C-L, Chiu PCN, Lam KKW, Siu S-O, Chu IK, Koistinen R, et al. Differential actions of
glycodelin-A on Th-1 and Th-2 cells: a paracrine mechanism that could produce the Th-2
dominant  environment during  pregnancy. Hum Reprod 2011;26:517-26.
https://doi.org/10.1093/humrep/deq381.

Bakopoulou A, Apatzidou D, Aggelidou E, Gousopoulou E, Leyhausen G, Volk ], et al. Isolation
and prolonged expansion of oral mesenchymal stem cells under clinical-grade, GMP-compliant
conditions differentially affects “stemness” properties. Stem Cell Res Ther 2017;8:247.
https://doi.org/10.1186/s13287-017-0705-0.

Czapla ], Matuszczak S, Kulik K, Wisniewska E, Pilny E, Jarosz-Biej M, et al. The effect of culture
media on large-scale expansion and characteristic of adipose tissue-derived mesenchymal
stromal cells. Stem Cell Res Ther 2019;10:235. https://doi.org/10.1186/s13287-019-1331-9.
Mareschi K, Rustichelli D, Calabrese R, Gunetti M, Sanavio F, Castiglia S, et al. Multipotent

d0i:10.20944/preprints202005.0443.v1


https://doi.org/10.20944/preprints202005.0443.v1

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 27 May 2020 doi:10.20944/preprints202005.0443.v1

mesenchymal stromal stem cell expansion by plating whole bone marrow at a low cellular
density: a more advantageous method for clinical use. Stem Cells Int 2012;2012:920581.
https://doi.org/10.1155/2012/920581.

[28] Najar M, Raicevic G, Fayyad-Kazan H, Bron D, Toungouz M, Lagneaux L. Mesenchymal
stromal cells and immunomodulation: A gathering of regulatory immune cells. Cytotherapy
2016;18:160-71. https://doi.org/10.1016/j.jcyt.2015.10.011.

[29] Flemming A, Schallmoser K, Strunk D, Stolk M, Volk H-D, Seifert M. Immunomodulative
efficacy of bone marrow-derived mesenchymal stem cells cultured in human platelet lysate. J
Clin Immunol 2011;31:1143-56. https://doi.org/10.1007/s10875-011-9581-z.

[30] Bernardo ME, Avanzini MA, Perotti C, Cometa AM, Moretta A, Lenta E, et al. Optimization of
in vitro expansion of human multipotent mesenchymal stromal cells for cell-therapy
approaches: further insights in the search for a fetal calf serum substitute. ] Cell Physiol
2007;211:121-30. https://doi.org/10.1002/jcp.20911.

[31] Jonsdottir-Buch SM, Sigurgrimsdottir H, Lieder R, Sigurjonsson OE. Expired and Pathogen-
Inactivated Platelet Concentrates Support Differentiation and Immunomodulation of
Mesenchymal  Stromal Cells in  Culture. Cell Transplant 2015;24:1545-54.
https://doi.org/10.3727/096368914X683043.

[32] Dominici M, Le Blanc K, Mueller 1, Slaper-Cortenbach I, Marini F, Krause D, et al. Minimal
criteria for defining multipotent mesenchymal stromal cells. The International Society for
Cellular Therapy position statement. Cytotherapy 2006;8:315-7.
https://doi.org/10.1080/14653240600855905.

[33] Lee C-L, Chiu PCN, Lam KKW, Siu S-O, Chu IK, Koistinen R, et al. Differential actions of
glycodelin-A on Th-1 and Th-2 cells: a paracrine mechanism that could produce the Th-2
dominant  environment  during  pregnancy. @ Hum = Reprod  2011;26:517-26.
https://doi.org/10.1093/humrep/deq381.

[34] Almeida-Porada G, Atala AJ, Porada CD. Therapeutic Mesenchymal Stromal Cells for
Immunotherapy and for Gene and Drug Delivery. Mol Ther Methods Clin Dev 2020;16:204—24.
https://doi.org/10.1016/j.omtm.2020.01.005.

[35] Liu X, Fu X, Dai G, Wang X, Zhang Z, Cheng H, et al. Comparative analysis of curative effect
of bone marrow mesenchymal stem cell and bone marrow mononuclear cell transplantation for
spastic cerebral palsy. ] Transl Med 2017;15. https://doi.org/10.1186/s12967-017-1149-0.

[36] Lange C, Cakiroglu F, Spiess A-N, Cappallo-Obermann H, Dierlamm J, Zander AR. Accelerated
and safe expansion of human mesenchymal stromal cells in animal serum-free medium for
transplantation ~and  regenerative medicine. ] Cell Physiol 2007;213:18-26.
https://doi.org/10.1002/jcp.21081.

[37] Miiller I, Kordowich S, Holzwarth C, Spano C, Isensee G, Staiber A, et al. Animal serum-free
culture conditions for isolation and expansion of multipotent mesenchymal stromal cells from
human BM. Cytotherapy 2006;8:437-44. https://doi.org/10.1080/14653240600920782.

[38] Grass JA, Hei DJ, Metchette K, Cimino GD, Wiesehahn GP, Corash L, et al. Inactivation of
leukocytes in platelet concentrates by photochemical treatment with psoralen plus UVA. Blood
1998;91:2180-8.


https://doi.org/10.20944/preprints202005.0443.v1

