} biomedicines WVI\D@

Article
Evaluation in a cytokine storm model in vivo of the safety and

efficacy of intravenous administration of PRS CK STORM
(standardized conditioned medium obtained by coculture of
monocytes and mesenchymal stromal cells).

Juan Pedro Lapuente *, Gonzalo Gémez !, Joaquin Marco-Brualla 2, Pablo Fernandez?, Paula Desportes 3, Jara
Sanz 3, Mario Garcia-Gil ¢, Fernando Bermejo %5, Juan V. San Martin 7, Alicia Algaba?, Juan Carlos De Gregorio !,
Daniel Lapuente !, Almudena De Gregorio !, Belén Lapuente ?, Sergio Gomez !, and Maria de la Vifias Andrés ! &
Alberto Anel 2*

Citation: Lapuente, ].P.; Marco-
Brualla, J.; Fernandez, P., Gémez, G.;
Desportes, P.; Sanz, ].; Garcia-Gil,
M.; Bermejo, F.; San Martin, J.V.; Al-
gaba, A., DeGregorio, ].C., Lapuente,
D., DeGregorio, A., Lapuente, B.,
Gémez, S., Andrés, M.dL.V., Anel, A.
Evaluation in a cytokine storm
model in vivo of the safety and effi-
cacy of intravenous administration
of PRS CK STORM (standardized
conditioned medium obtained by co-
culture of monocytes and mesenchy-
mal stromal cells). Biomedicines 2022,

10, x. https://doi.org/10.3390/xxxxx

Academic Editor: Firstname Last-

name

Received: date
Accepted: date
Published: date

Publisher’s Note: MDPI stays neu-
tral with regard to jurisdictional
claims in published maps and institu-

tional affiliations.

Copyright: © 2022 by the authors.

Submitted for possible open access

Biomedicines 2022, 10, x. https://doi.org/10.3390/xxxxx www.mdpi.com/journal/biomedicines

O 0 N O



Biomedicines 2022, 10, x FOR PEER REVIEW 2 of 31

publication under the terms and
conditions of the Creative Commons
Attribution (CC  BY) license
(https://creativecommons.org/license

s/by/4.0)).

1 R4T Molecular and Cell Biology Research Laboratories, Fuenlabrada Hospital, Madrid. 28942, Spain.
jplapuente@yahoo.es (J.P.L.); gonzalog628@gmail.com (G.G.); pablo.fv@outlook.com (P.F.);
jedegregorio@gmail.com (G.C.D.G.); daniel_lapuente_hernandez@yahoo.es (D.L.); almude-
nadegregorio@gmail.com (A.D.G.); belelapu@gmail.com (B.L.); sergocast@gmail.com (5.G.) v.andres@liv-
ingcells.org (M.D.L.V.A.)

2 Group Immunity, Cancer and Stem Cells, Faculty of Sciences, University of Zaragoza. 50009, Spain.
joaquin_marco_91@hotmail.com (J.M.B.); anel@unizar.es (A.A.)

3 GMP facility, Peaches Biotech, Madrid. 28050, Spain. paula_phisiup@hotmail.com

4 Pharmacy department, Fuenlabrada Hospital, Madrid. 28942, Spain. mgarciagil@salud.madrid.org

5 Digestive department, Fuenlabrada Hospital, Madrid. 28942, Spain. fernando.bermejo@salud.madrid.org

¢ Medicine department, University Rey Juan Carlos, Fuenlabrada, Madrid. 28942, Spain.

7 Internal medicine department, Fuenlabrada Hospital, Madrid. 28942, Spain. juanvictor.san@salud.ma-
drid.org

8 Clinical Assay department, Fuelabrada Hospital, Madrid. 28942, Spain. alicia_algaba@hotmail.com

Correspondence: shared senior authorship. anel@unizar.es (A. Anel); jplapuente@yahoo.es (J.P.L).

Abstract: Our research group has been developing a series of biological drugs produced by cocul-
ture techniques with M2-polarized macrophages with different primary tissue cells and/or mesen-
chymal stromal cells (MSC), generally from fat, to produce anti-inflammatory and anti-fibrotic ef-
fects, avoiding the overexpression of pro-inflammatory cytokines by the innate immune system, at
a given time. One of these products is the drug PRS CK STORM, a medium conditioned by allogenic
M2-polarized macrophage, from coculture with those macrophages M2 with MSC form fat, whose
composition, in vitro safety, and efficacy we studied. In the present work, we publish the results
obtained in terms of safety (pharmacodynamics and pharmacokinetics) and efficacy of the intrave-
nous application of this biological drug in a murine model of cytokine storm associated with severe
infectious processes, including that associated with COVID-19.

The results demonstrate the safety and high efficacy of PRS CK STORM as an intravenous
drug to prevent and treat cytokine storm associated with infectious processes of any type, including
COVID-19.

Keywords: PRS CK STORM, cytokine storm, mesenchymal stem cells, M2 macrophages, coculture,
crosstalk, secretome, inflammation.

1. Introduction

The term cytokine storm refers to a profuse increase in cytokines, chemokines,
growth factors and interferons, causing severe and severe inflammation, which, due to its
severity, can be life-threatening due to multi-organ failure, or, at best, lead to irreparable
tissue damage due to fibrosis [1,2,3].

Such cytokine storms associated with severe infectious processes represent a serious
global problem, as it is a potentially life-threatening condition. To appreciate the serious-
ness of this condition, it is sufficient to recall that the current estimated annual incidence
of septic processes, based on data from industrialized countries alone, is currently esti-
mated at 48.9 million cases, killing an estimated 19.4 million people worldwide each year,
accounting for 19.7% of global mortality worldwide [4,5].

Cytokine storms have been associated with a multitude of infectious and non-infec-
tious diseases [6]. The association of cytokine storms with various pathologies, such as
graft-versus-host disease [7], infections of various causative agents, such as bacteria [8],
viruses [9] or fungi [10], autoimmune diseases [11], or even acute pancreatitis [12], has
been reported. Special mention should be made of the cytokine storm associated with
SARS-COV-2 infection that caused so many deaths in the COVID-19 pandemic [13].
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In the specific case of the cytokine storm associated with an infectious process, in- 58
flammation begins when macrophage-like cells of the innate immune system recognize 59
pathogen-derived stimuli through their pattern-recognition receptors (PRRs) by recogniz- 60
ing structures called pathogen-associated molecular patterns (PAMPS) [14,15,16]. In ad- 61
dition to this stimulus, other stimuli will come from self-molecular structures derived 62
from damage caused to tissues and cells, which are known as damage-associated molec- 63
ular patterns (DAMPS) [17,18,19,20,21]. This whole process will generate a cascade of pro- 64
inflammatory cytokine production whose main function is to regulate the duration and 65
intensity of the immune response to the pathogen [22]. Thus, the cytokine storm is basi- 66
cally characterized by an exaggerated production of soluble pro-inflammatory and profi- 67
brotic mediators (especially IL-1f3, IL-6 and TNF-a), together with an aberrant immuno- 68
pathological reaction, involving a lack of coordination between the innate and adaptive 69
immune system, with an overactivation of the innate immune system, the main cellular 70
actors being macrophages, dendritic cells, monocytes, neutrophils, and T-lymphocytes 71
[23,24,25,26]. Because of this cytokine storm, a situation of multi-organ hyperinflamma- 72
tion will be triggered, usually affecting mainly the lung and pancreas, among other or- 73
gans, and often leading to acute respiratory distress syndrome (ARDS) and/or acute lung 74
injury (ALI), which can result in multi-organ failure. However, although the association 75
of increased levels of proinflammatory and profibrotic cytokines and chemokines with 76
increased levels of morbidity and mortality following an infectious process is well known, 77
we still do not have an adequate drug to treat the cytokine storm [27]. 78

Given the variability we observed in our previous publication in in vitro tests, where 79
we studied the safety and in vitro efficacy of our drug on a model to study the reactivity 80
of PBMCs from different donors to LPS stimulation, we decided in the present research to 81
use the standardized THP-1 cell line to repeat these tests, prior to in vivo application. 82

Subsequently, based on the previous results of our group's published in vitro re- 83
search that intercellular communication between monocytes/macrophages and cells in- 84
volved in tissue regeneration, such as mesenchymal stromal cells (MSCs) and primary 85
tissue cells, is essential for tissue regeneration and recovery of homeostasis, Since this in- 86
tercellular communication drives an anti-inflammatory immunomodulatory response in 87
inflammation-resolving processes, we applied the monocyte-mesenchymal stem cell co- 88
culture secretome (hereafter PRS CK STORM) in a murine model of cytokine storm asso- 89
ciated with severe infectious processes, such as severe COVID-19 or other infections, in 90
order to assess firstly the safety of the drug, and secondly its efficacy. 91

We believe that the application of PRS CK STORM, a standardized conditioned me- 92
dium from a coculture of M2 macrophages with MSCs, where theoretically all the growth 93
factors, cytokines and chemokines that are naturally produced by M2 macrophages and 94
MSCs, associated with innate immunity, will be present, respecting natural pleiotropic 95
relationships, with an immuno-modulatory cytokine profile expected to have a potent 96
anti-inflammatory action, could be applied in the prevention and control of cytokine 97
storms associated with infectious processes, such as that associated with COVID-19 or 98

other types of infections. 99
2. Materials and Methods 100
2.1. Obtaining the drug PRS CK STORM 101

For the development of the experiment, raw materials are needed to create the PRS 102

CK STORM drug to be used on the animal model. The general process is summarized in 103
Figure 1 and the detailed protocol of the manufacturing process is described in our latest 104
paper published in Biomolecules [28]. 105
106

2.2. Mesenchymal cell culture 107
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Adipose tissue samples were obtained from one healthy donor during routine ab- 108
dominoplasty with the patient's informed consent and were isolated, cultured and char- 109
acterized at Histocell's advanced cell therapy factory in Bilbao, following protocols previ- 110
ously described by Nieto-Aguilar et al. in 2011 [29] and Carriel et al. in 2013 [30]. They 111
were grown to pass 4 and seeded in 6-well plates at a density of 50.000 cells/well. An 112
automatic counter, BioRad TC-20 (BioRad, Hercules, CA, USA), was used for counting. 113

114
2.3. Collection of monocytes 115

The starting sample was a bag of whole blood from a donation at the Hospital Uni- 116
versitario de Fuenlabrada. It was diluted by half with physiological saline and a density 117
gradient was performed with 20 ml of Ficoll-Histopaque 1077 (Sigma-Aldrich, St Louis, 118
MS, USA) and 25 ml of the diluted blood. The bands obtained by centrifugation at 400g 119
for 30 minutes, without brake, were washed a total of 4 times with saline. Between the 120
second and third wash, a lysis buffer was used to remove the erythrocytes still presentin 121
the sample, leaving it to act for 5 minutes. Finally, peripheral blood mononuclear cells 122
(PBMCs) were seeded in 175cm2 culture flasks at 3x108 cells/flask with CTS AIM-V culture 123
medium without phenol red (Gibco-BRL, Grand Island, NY, USA) supplemented with 1% 124
stable glutamine (Dipeptiven®, Fresenius Kabi, Bad Homburg, Germany). After 2 hours 125
incubation at 37°C and 5% CO2, monocytes were selected by adhering to the culture plas- 126
tic and were obtained through cell scrapers after washing the surface with saline to re- 127
move lymphocytes present in the sample. They were seeded onto inserts Transwell® in- 128
serts (Falcon, PET, 1uM pore size) (Corning, Corning, NY, USA) for 6-well plates with a 129

pore size of 1um, at a density of 2x106 cells/insert. 130
131
2.4. Coculture monocytes/MSCs 132

Monocyte seeding were changed to monocyte culture medium (CTS-AIM-V™, 133
Gibco-BRL, Waltham, MA, USA), with 2 ml per well, and empty inserts were placed in 134
the wells, with a small amount of medium to adjust their porous membrane properties 135
and incubated again for 15 minutes. Finally, monocytes were seeded in a final volume of 136
1.5 ml, supplemented with M-CSF (R&D Systems, Minneapolis, MN, USA) at a final con- 137

centration of 10 ng/ml. 138
139
2.5. Collection and conditioning of supernatants 140

Every 3-4 days, supernatants were collected from the cocultures, centrifuged at 1800 141

G for 10 minutes and 4°C, decanted to remove cell pellets and stored at -80°C. A total of 6 142
collections were performed, reaching 23 days of coculture. Once all partial samples were 143
obtained, they were thawed at room temperature, mixed, and sterilized by filtration with 144
0.22um filters (Merck KGaA, Darmstadt, Germany). The final product was conditioned in 145
the doses intended for use. Part of the prepared doses was subjected to concentration, 146
using Vivaspin tubes (Sartorius, Gottingen, Germany), capable of concentrating liquids. 147
Centrifugation was carried out at 4°C to maintain the properties of the biomolecules pre- 148
sent for as long as necessary to achieve the desired concentration. In this way, the concen- 149
trated supernatant was adjusted to a 2.5 x and 5 x concentration of the original productby 150
diluting with the culture medium used (CTS-AIM-V™, Gibco-BRL, Waltham, MA, USA), 151
which is the one used for PRS CK STORM. 152
153
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Figure 1: Schematic description of the production process of allogeneic conditioned medium de-
rived from M2-type macrophages and enriched with MSCs [28].

2.6. Characterization of the secretome

For quantification of the secretome of both cell types and coculture, 30 growth fac-
tors, cytokines and chemokines were quantified using either ELISA or Multiplex assay
(ProcartaPlex 45 PLEX, Invitrogen, Grand Island, NY, USA) strictly following the manu-
facturer's instructions. A Luminex Labscan 100 plate reader (Luminex Corporation, Aus-
tin, Texas, USA) was used for the determinations. The molecules quantified by Multiplex
were the following: MIP1-a, SD-1a, IL-27, LIF, IL-2, IL-4, IL-5, IP-10, IL-6, IL-7, IL-8, IL-
10, PIGF-1, Eotaxin, IL-12p70, IL-13, IL-17A, IL-31, IL-1Ra, SCF, RANTES, IFN-y, GM-CSF,
TNF-a, HGF, MIP-18, IFN-c, MCP-1, IL-9, VEGEF-D, TNE-3, NGF-, BDNF, GRO-a, IL-1a,

155
156
157
158
159
160
161
162
163
164
165
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IL-23,IL15, IL-18, IL-21, FGF-2, IL-22, PDGF-BB, VEGF-A, TIMP-1, and MMP-3. For quan- 166
tification of IGF-1, TIMP-1, and MMP1 a double sandwich ELISA technique was used ac- 167
cording to the manufacturer's instructions (DuoSet ELISA kit, R&D, Minneapolis, MN, 168
USA) and quantification was determined using an iMark plate reader (BioRad, Hercules, 169

CA, USA), and absorbances were measured at 450 and 570 nm. 170
171
2.7. THP-1 in vitro inflammation model 172

The THP-1 cell line was cultured and further differentiated into macrophages to gen- 173
erate in vitro models of biosafety and efficacy. THP-1 monocytic cells (CellLineService, 174
cat. No.:300356) were cultured and expanded using RPMI 1640 (Lonza, Basile, Switzer- 175
land) supplemented with 10% fetal bovine serum (FBS) (Corning, New York, USA), 1% 176
penicillin/streptomycin (FBS) (Corning, New York, USA) and 10% penicillin/streptomycin 177
(FBS) (Corning, New York, USA), 1% penicillin/streptomycin (P/S) (Lonza, Basile, Swit- 178
zerland), 1 mM sodium pyruvate (Lonza, Basile, Switzerland) and 1% MEM non-essential 179
amino acids (Gibco, Thermo Fisher Scientific, Waltham, Massachusetts, USA), henceforth 180
THP-1 medium. Cells were maintained at a density of 1x10¢ cells/ml to ensure adequate 181
growth and a stable phenotype. 48 hours prior to LPS stimuli, cells were differentiated 182
into resting macrophages using Phorbol 12-Mystyrate 13-Acetate (PMA) (Sigma Aldrich, 183
Saint Louis, Missouri, USA) at 5Sng/ml in THP-1 medium as described in the protocol used 184
by Park et al. in 2007 [31]. After this differentiation process, the cells were used for our 185
experiments. All cell cultures were maintained at 37°C in an atmosphere of 5% CO2 and 186
98% relative humidity. 187

First, to test in vitro safety, an MTT-type assay was performed on THP-1 cells trans- 188
formed to macrophages by adapting the method of Chen et al. in 2016 [32]. Differentiated 189
THP-1 cells were washed three times with 0.2 mL of tempered THP-1 medium without 190
PMA and allowed to rest for 30 minutes before LPS stimuli. After cell media change, cells 191
were treated with 10ng/mL LPS (Sigma-Aldrich, Burlington, MA, USA) in RPMI 1640 me- 192
dium and treated with 100pL of PRS CK STORM or the control as defined above by add- 193
ing tempered THP-1 medium to obtain 200uL of cell culture per well. Three wells were 194
seeded with THP-1m cells only, three were seeded with THP-1m cells stimulated with 195
LPS at a concentration of 10ng/mL, three were seeded with THP-1m cells stimulated with 196
LPS at a concentration of 10ng/mL and PRS CK STORM at a low dose, three were seeded 197
with THP-1m cells stimulated with LPS at a concentration of 10ng/mL and PRS CK 198
STORM at a medium dose, three were seeded with THP-1m cells stimulated with LPS at 199
a concentration of 10ng/ml and PRS CK STORM at high dose and finally, as controls, three 200
were seeded with THP-1m cells stimulated with LPS at a concentration of 10ng/ml and 201
hydrocortisone at 10ug/ml (Sigma—Aldrich, Burlington, MA, USA). The different increas- 202
ing concentrations of PRS CK STORM were calculated as a function of TIMP-1 content in 203
the conditioned medium (low at 594.86pg total TIMP-1, medium at 1189.72pg TIMP-1 and 204
high at 5948.6pg TIMP-1). After incubation of all cultures for 96 hours, 10pl/well of an 205
aqueous solution (5mg/ml) of tetrazolium blue (Sigma—Aldrich, Burlington, MA, USA)is 206
added. The MTT/tetrazolium blue solution is incubated for 4 hours at 37°C, 5% CO2, after 207
incubation the plates are centrifuged at 600g, for 7 minutes to precipitate the cells and 208
formazan crystals, and after removal of the medium the formazan crystals are solubilized 209
by adding 200uL/well of DMSO. The plates are incubated at 37°C for 10 minutes and 210
shaken at 250rpm using a plate shaker (JP Selecta, Abrera, Catalonia, Spain). Results are 211
obtained by measuring the absorbance of each well at 570nm on an iMark plate reader 212
(BioRad, Hercules, California, USA). 213

The in vitro inflammation model was then generated by differentiating 1x10¢ cells/ml 214
THP-1 cells in exponential growth phase to resting macrophages in 12-well plates (Nunc, 215
Thermo Fisher, Waltham, MA USA) (final volume 1ml) and after 48 h pretreatment with 216
PMA, THP-1m cells were washed three times with 0.5 ml of tempered THP-1 medium 217
without PMA and allowed to incubate for 30 min before LPS stimuli. Once resting, cells 218
were treated with 10ng/ml LPS (Sigma—Aldrich, Saint Louis, Missouri, USA) in RPMI 1640 219
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medium and PRS CK STORM at a low dose, as this was the dose at which the investiga- 220
tional product (PEI) had shown the best in vitro biosafety profile. The medium was pre- 221
warmed to room temperature or tempered THP-1 medium. The final volume of each well 222
was 1 ml with a THP-1m cell seeding density of 1x106 cells/ml (3 wells). Three wells seeded 223
in the same way and with the same cell density but treated with hydrocortisone at 224
10pg/ml (Sigma—Aldrich, Saint Louis, Missouri, USA), were used as controls. After 5 225
hours of stimulation, the supernatants were collected and frozen at -80°C for cytokine 226
analysis, in which variations in the secretion of TNF-a and IL-1f3, as main mediators of 227
the response to lipopolysaccharide, were studied. All experimental conditions were as- 228

sayed in triplicate to ensure sufficient statistical robustness. 229
230
2.8. In vivo safety and efficacy assay 231

First, to test the safety (pharmacodynamics and pharmacokinetics) of PRS CK 232
STORM, a total of 15 Balb/c male mice were used as animal model. This experiment was 233
performed at the animal facility of Biomedical Research Centre of Aragon (CIBA, Zara- 234
goza, Spain), under the European recommendations on animal ethics and approved by 235
the Ethics Committee for Animal Experimentation from the research center (Annex 1). 236
Mice were stabled in groups of five for at least one week before the experiment, at constant 237
temperature and humidity and 12-hour day/night cycle, with access to food and water ad 238
libitum. Mice were divided into three groups of 5 animals, each of which was treated with 239
a different dose (low, medium, or high) and different number of administrations from 240
single dose to 5 doses o0.d. See explanatory tables (1 and 2) below: 241

Table 1. Description of 3 groups of animals and doses administered using 5 representative cyto- 242
kines/growth factors. 243

Group Numberof # Dose  Dose (pg/ml +/-20%)  Absolute administered

animals dose (pg+/- 20%)
1 5 16-20  Low  IL-1Ra (14998pg/ml) IL-1Ra (1499pg)
TIMP (14871pg/ml) TIMP (1487pg)
IL-10 (0,06pg/ml) IL-10 (0,006pg)
HGF (211pg/ml) HGF (21pg)
IGF-1 (419pg/ml) IGF-1 (42pg)
2 5 21-25 Medium IL-1Ra (28996pg/ml) IL-1Ra (2899pg)
TIMP (29743pg/ml) TIMP (2974pg)
IL-10 (0,12pg/ml) IL-10 (0,012pg)
HGF (423pg/ml) HGF (42pg)
IGF-1 (838pg/ml) IGF-1 (84pg)
3 5 26-30 High  IL-1Ra (57992pg/ml) IL-1Ra (5799pg)
TIMP (59485pg/ml) TIMP (5948pg)
IL-10 (0,24pg/ml) IL-10 (0,024pg)
HGEF (845pg/ml) HGF (84pg)
IGF-1 (1675pg/ml) IGF-1 (167pg)

244

The election of these doses was based on the characterization of the batch used of 245
PRS CK STORM manufactured for investigational purposes and considering, both the cy- 246
tokine composition, and the acceptable biological activity observed in vitro. The three 247
doses were selected for in vivo safety testing in mice based on absolute TIMP-1 amount 248
(considered as anti-inflammatory cytokine with a quantitatively relevant present in PRS 249
CK STORM). In all cases, PRS CK STORM was obtained in Living Cells laboratory (Uni- 250
versity Hospital of Fuenlabrada, Madrid), from conditioned medium from human allo- 251
genic M2-macrophages, cocultured ex vivo with human adipose tissue-derived mesen- 252
chymal stem cells. The full characterization of PRS CK STORM Batch can be found in 253
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Supplemental Information (SI) (Table S1). The original batch was used as the “High Dose” 254
in this experiment. “Medium dose” and “Low Dose” were prepared by diluting the High 255
Dose at 1/2 or 1/4, respectively, in phosphate buffer saline (PBS). 256

Work schedule for animal experimentation was as follows: 257

e Day 0 (Oh in the graphics): Before PRS CK STORM administration, around 300 ul of 258
whole blood were extracted from the submandibular vein of all mice. From these 259
samples, 7/15 were randomly chosen (# 16, 17, 22, 23, 25, 26 and 27) from the rest 8/15 260
(# 18, 19, 20, 21,24,28, 29 and 30), and separated for further analysis; samples 7/15 for 261
biochemical determination (see figure 4) and samples 8/15 for cytokine analysis (see 262
figure 5). 263

e Day 1 (0Oh): It was decided to separate blood collection from PRS CK STORM admin- 264
istration in separate days, to not distress too much the animals. As both Day O and 1 265
are time points right before PRS CK STORM injections, both are considered as “Oh”. 266
All mice were administered a volume of 100 pul PRS CK STORM intraperitoneally 267
(IP), at their corresponding doses (Dose n°1). 268

e Day 2 (24h): First mouse from each group was sacrificed (n° 16, 21 and 26). At least 269
700 ul whole blood were extracted from these mice by cardiac puncture. The rest of 270
the animals (four mice per group) were administered PRS CK STORM by IP injection, 271
at their corresponding doses (Dose n“2). 272

e  Day 3 (48h): Second mouse from each group was sacrificed (n®17, 22 and 27). Atleast 273
700 ul whole blood were extracted from these mice by cardiac puncture. The rest of 274
the animals (three mice per group) were administered PRS CK STORM by IP injec- 275
tion, at their corresponding doses (Dose n°3). 276

e Day 4 (120h): Third mouse from each group was sacrificed (n° 18, 23 and 28). At least 277
700 ul whole blood were extracted from these mice by cardiac puncture. The rest of 278
the animals (two mice per group) were administered PRS CK STORM by IP injection, 279
at their corresponding doses (Dose n°4). 280

e Day 5 (144h): Fourth mouse from each group was sacrificed (n® 19, 24 and 29). At 281
least 700 pl whole blood were extracted from these mice by cardiac puncture. The 282
rest of the animals (one mice per group) were administered PRS CK STORM by IP 283

injection, at their corresponding doses (Dose n°5). 284

e Day 6 (168h): Last mouse from each group was sacrificed (n°® 20, 25 and 30). At least 285
700 ul whole blood were extracted from these mice by cardiac puncture. 286

287

The administration of the first 3 doses were consecutive and 72h elapsed between 288
dose 3 and 4. Indeed, administration 4 and 5 were resumed at 120 and 144h, respectively 289
from the first administration (Day 1, Oh). In addition, all animals who received the 5th 290
administration were sacrificed at time 168h (24h after last administration). Table 2 shows 291
a summary of the distribution of animals, dose, and number of administrations when they 292

were sacrificed: 293
294
Table 2: Distribution of animals, dose, time, and number of administrations when they were =~ 295
sacrificed. (*: Time from hour 0 when the first administration was done. In all cases, mice were 296
sacrificed 24h after its last administration). 297
298
Dose 1 adm. 2 adm. 3 adm. 4 adm. 5 adm.
Time at sacrificie 24h 48h 120h 144h 168h
Low #16 #17 #18 #19 #20
Medium #21 #22 #23 #24 #25
High #26 #27 #28 #29 #30

n 3 3 3 3 3
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299

Every day, after blood samples obtention, serum was extracted from them, which 300

were used as material for the next analysis. Blood-derived serum samples were used for 301
the following analyses: 302

1. Safety analysis: The following biochemical parameters were determined: levels of 303
biliary acid, albumin, alanine aminotransferase (ALT), bilirubin, cholesterol, alkaline 304
phosphatase, y-glutamyl transferase and blood urea nitrogen were measured, using 305
a VetScan VS2 Chemistry Analyzer (Comprehensive Diagnostic Profile protocol 306
#500-0038 Abaxis, Union City, CA, USA) (Annex 2), of all samples from Day 1-6 and 307
of 7/15 samples from Day 0, randomly chosen (# 16, 17, 22, 23, 25, 26 and 27). This 308
analysis was also performed at the animal facility in CIBA. 309

2. Pharmacodynamic analysis: the presence of several murine cytokines was quantified. 310
HGEF, TNF-a, IL-12 p70, IL-1p3, IL-6, IL-10, IEN-y and TIMP-1 were determined in all = 311
samples collected from all animals Day 1-6 (see table 2) and in 8/15 samples from Day 312
0, randomly chosen (# 18, 19, 20, 21,24,28, 29 and 30). Determinations were done by 313
MULTIPLEX (Mouse Premixed Multi-Analyte Kit; Catalog Number LXSAMSM) as- 314
says in Annex 3 at the Cellular Sorting and Cytometry Department, in CIBA. 315

3. Pharmacokinetic analysis: the presence of several human cytokines was quantified: 316
HGF, TNF-q, IL-12 p70, IL-1p3, IL-6, IL-10, IFN-y and IL-1RA in all samples from Day 317
1-6 (24h after last IMP administration). Determinations were done by MULTIPLEX 318
(Human Premixed Multi-Analyte Kit; Catalog Number LXSAHM) assays in Annex 319

4, also at the Cellular Sorting and Cytometry Department, in CIBA. 320

For the second experiment, the efficacy test, a total of 35 C57/BL6 mice were used. 321
All mice experimentation was performed at the animal facility of Biomedical Research 322
Centre of Aragén (CIBA, Zaragoza, Spain), under the European recommendations on 323
animal ethics and previously approved by the Ethics Committee for Animal Experimen- 324
tation from the research center (see Annex 5). Mice were stabled in groups of five for at 325
least one week before the experiment, at constant temperature and humidity and 12-hour 326
day/night cycle, with access to food and water ad libitum. 327

To perform the experimental model of acute lung damage and inflammation due to 328
sepsis, the experimental model described by Stephens et al. in 2015 [33] was used. For 329
this model, 8-10-week-old female and male C57BL/6 mice were administered 5 mg/kg of 330
bacterial lipopolysaccharide (LPS) (Sigma L4130, Sigma-Aldrich, Saint Louis, Missouri, 331

USA), in 50ul of physiological solution via the retro-orbital route. This type of LPS ad- 332
ministration is necessary because intravenous or intraperitoneal injection of LPS, which 333
is often accompanied by high plasma concentrations of inflammatory cytokines, hypo- 334
tension, and hypothermia (Lewis et al., 2016) [34], causes survival in mice to decrease 335
steeply after 24 hours due to sepsis shock, especially in the case of intravenous injection 336

(Fang et al., 2018; Starr et al., 2010) [35,36]. For this technique, 27.5-gauge insulin needles 337
and 0.5-inch syringes Terumo U-100 (Shibuya-ku, Tokyo, Japan) were used and it is rec- 338
ommended that the volumes injected do not exceed 150ul. Because the needle was placed 339
in the retrobulbar space, mice had to be anaesthetized with inhalational isoflurane and a 340

drop of ophthalmic anesthetic (0.5% proparacaine hydrochloride ophthalmic solution, 341
Alcon Laboratories, Fribourg, Switzerland) in the eye that received the injection. To re- 342
duce the potential distress of the mice due to LPS, buprenorphine hydrochloride was 343
administered in water at the established dose of 0.056mg/ml. Treatments were adminis- 344
tered daily for 4 consecutive days, and they consisted of: 345

346
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e  The same PRS CK STORM batch used in the safety in vivo experiment, was used in =~ 347
this efficacy experiment, and its Full characterization can be found in Supplemental 348
Information (SI) (Table S1). After characterization at Living Cells laboratory (Univer- 349
sity Hospital of Fuenlabrada, Madrid), this batch was frozen in a -80°C freezer, and 350
shipped in dry ice before being used in this experiment. The original batch showed a 351
TIMP-1 concentration of 59485.27pg/ml. After centrifugation in Vivaspin tubes of 352
15ml (12400 MW) for 80 min, 3600 G at 4°C, a 5x concentration was reached, it means 353
297426pg/ml. Since the results of the safety study showed that PRS CK STORM was 354
well tolerated in the 3 tested doses administered intravenously, the high dose of this 355
study (5948pg TIMP-1) was chosen as the mean dose for this in vivo efficacy study, 356
with two additional doses tested, one lower (mean/2, 2380pg TIMP-1) and one higher 357
(mean x 2, 11897pg TIMP-1). These doses were prepared by diluting the High Dose 358
at 1/2 or 1/4, respectively, in phosphate buffer saline (PBS). See in Table 1 the calcu- 359
lation of TIMP-1 absolute doses for administered volume of 40 pl) In all cases, PRS 360
CK STORM was injected intravenously. To avoid premature over-inflammation by 361
LPS, the first dose was injected 24 hours prior to LPS administration as a pre-treat- 362
ment, with the next treatment injected on the day of model generation and every 24 363
hours thereafter. 364

e  Drug vehicle: it consists of the media culture where PRS CK STORM was collected, 365
which will be referred as “monocyte medium” (CTS-AIM-V™, Gibco-BRL, Waltham, 366
MA, USA) and was also injected intravenously. 367

e Gold Standard: this treatment consists of a classic drug used against inflammation 368
process, Kineret® (Anakinra, or IL-1RA antagonist, Swedish Orphan Viovitrum AB, 369
Stockholm, Sweden) at 149.25mg/ml, administered orally, with the help of an intra- 370

gastric probe. 371
372
Experimental design: 35 mice were divided in seven groups of 5 animals, each of 373
them receiving different treatments, as explained in Table 3 below: 374
375
Table 3: Description of the groups of animals, LPS and administered treatment. In the case of 376
PRS CK STORM, using 5 representative cytokines/growth factors. (*oral administration). 377
378
Group Number #  Group name Treatment (daily Volume Absolute LPS
of ani- for4 days) injected adminis- (5mg/Kg)
mals (ul)  tered dose (Yes/No)
+/- 20%
1 5 1-5 Control None - - No
5 6-10 Drug vehicle Monocyte me- 40 - No
dium
3 5 11-15 LPS + PRS 1ow PRS 1ow TIMP-1 Yes
(2380pg)
4 5 16-20 LPS + PRS medium ~ PRS medium 40 Yes
5 5 21-25 LPS + PRS high PRS nigh 40 TIMP-1 Yes
(5948pg)
6 5 26-30 LPS None 40 TIMP-1 Yes
(11897pg)
7 5 31-35 LPS+ Gold Kineret® - -
Standard

379

Work schedule for animal experimentation was performed every morning at9 a.m., 380
at was as follows: 381
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e Day -1: 24h before LPS injection, corresponding mice were administered monocyte 382
medium, PRS CK STORM (low, medium, or high dose) or Gold Standard. As ex- 383
plained above, this pre-treatment was performed as to try to prevent premature over- 384
inflammation by LPS (Dose n°1). 385

e Day 0: Each group was injected their respective treatment (monocyte medium, PRS 386
low, PRS medium, PRS high, none or Gold Standard) (Dose n°2). Immediately after, 387
corresponding mice were retro orbitally injected with LPS. To mitigate discomfort 388
derived from LPS, a dose of buprenorphine hydrochloride (Buprecare®, Leonvet, 389
Leodn, Spain) was administered subcutaneously (0,15mg/mouse in 0,1 ml) in those 390
mice after LPS injection. 391

e Day 1: Around 200pl of whole blood were extracted from the submandibular vein of 392
all mice, and serum was obtained from them before administering the treatment. An- 393
imals at groups carrying LPS were also administered buprenorphine hydrochloride 394
and their respective treatment (monocyte medium, PRS low, PRS medium, PRS high, 395
none or Gold Standard) (Dose n®3). 396

e Day 2: As the day before, around 200ul of whole blood were extracted from the sub- 397
mandibular vein of all mice, except for the Control group, and serum was obtained 398
from them, before administering the treatment. Animals at groups carrying LPS were 399
also administered buprenorphine hydrochloride and their respective treatment 400
(monocyte medium, PRS low, PRS medium, PRS high, none or Gold Standard) (Dose 401
n°4). 402

e  Day 3: All mice were sacrificed. Whole blood was extracted by cardiac puncture (500- 403
800ul) and serum was obtained from them. Additionally, necropsies were per- 404
formed, and liver, heart, spleen, lungs, and kidneys were collected from the animals. 405
Half of every organ was frozen and kept at -80°C, while the other half was preserved 406
in formaldehyde (4% v/v in sterile water). 407

During and after the end of the experiment, mice and samples collected from them 408
were used for following analyses: 409

1.  Efficacy evaluations: 410

1.1. Irwin tests and temperature measurements: mice were regularly supervised to 411
detect any possible alteration in their behavior or comfort derived from treatments and/or 412
handling. Based on the manuscript from (Mathiasen & Moser, 2018) [37], an Irwin Test was 413
confectioned in a Table and used as a template. Therefore, Irwin Test was performed every 414
Day of the experimental procedure on all mice, immediately before treatment administra- 415
tions. Temperatures of mice were measured by rectal probe at three different time points: 416
immediately before LPS injections, 20 minutes after LPS injections, and 48 hours after LPS 417
administration. 418

1.2. Time from CO2 exposure to death: when mice were sacrificed at Day 3, animal’s 419
resistance to CO2 exposure until their death was classified in three clear groups: less than 420
30 seconds, 30-60 seconds, and more than 60 seconds. 421

1.3. Macroscopic observations of organs at necropsy: after animal sacrifices and 422
blood extraction, necropsies were made and relevant findings in organs were detected and 423
photographed (Annex 6). 424

1.4. Histological study: Both frozen (-80°C) and formaldehyde-preserved organs 425
were sent to Living Cells’ laboratory for histopathological study (Annex 7). 426

427
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2. Efficacy evaluations: Safety analysis: The following biochemical parameters were de- 428
termined: levels of albumin, alkaline phosphatase, alanine aminotransferase, amyl- 429
ase, bilirubin, blood urea nitrogen, creatinine, globulin, total protein, glucose, cal- 430
cium, phosphorus, sodium and potassium were measured, using a VetScan VS2 431
Chemistry Analyzer (Comprehensive Diagnostic Profile protocol #500-0038 Abaxis, 432
Union City, CA, USA) (Annex 2), of all samples only from Day 3, excepting some 433
animals who prematurely died before the end of the experiment. This analysis was 434
also performed at the animal facility in CIBA. 435

3. Pharmacodynamic analysis: the presence of several murine cytokines was quantified. 436
TNF-a, IL-13, IL-6, IL-10, TIMP-1, and MMP-3 levels were determined by Multiplex 437
assays (MILLIPLEX MAP Cat: MCYTOMAG-70K, Merck KGaA, Darmstadt, Ger- 438
many) (Annex 8-10) at the Cellular Sorting and Cytometry Department, in CIBA. 439
TNEF-a, IL-13, IL-6 and IL-10 were measured in all samples from day 1 to day 3, but 440
TIMP-1 and MMP-3 only in some samples from day 3 due to serum volume limita- 441
tion. 442

4. Pharmacokinetic analysis: the presence of several human cytokines from our IMP 443
was quantified. IFN-a2, IL-1p, IL-1RA, IL-6, and TNF-« levels were also determined 444
by Multiplex assays (Human Cytokine/Chemokine/Growth Factor Panel a Magnetic = 445
Bead Panel Cat. # HCYTA-60K, Merck KGaA, Darmstadt, Germany) (Annex 11) at 446
the Cellular Sorting and Cytometry Department, in CIBA. Once again, owing to the 447
lack of samples, especially from Days 1 and 2, this analysis was only performed with 448
some of the samples from Day 3. 449

2.9. Statistics 450

The MTT and cytokine release assays as well as the cytokine analysis of the culture 451
supernatants and the different biochemical parameters were subjected to statistical analy- 452
sis. Statistical analysis was performed with Excel (Microsoft, Albuquerque, New Mexico, 453
USA). All statistics were calculated with data performed in independent experiments in 454
triplicate. ANOVA test was performed to determine statistically significant differences be- 455
tween the experimental groups studied using GraphPad Prism software version 8.4.0 for 456
Mac OS X (GraphPad Software, San Diego, California, USA) to perform the calculations. 457

The level of statistical significance was set at p < 0.05. 458
3. Results 459
3.1. Characterization of the PRS CK STORM 460

The compositional analysis of PRS CK STORM demonstrates a clear anti-inflamma- 461
tory and immunomodulatory profile against a potential cytokine storm, as shown in ta- 462

ble 4, which shows the results of the comparative cytokine profile between three differ- 463

ent production batch of the PRS CK STORM. 464

Table 4. Batch of PRS CK STORM anti-inflammatory (data expressed as the sum of the percentages 465
representing the sum of the amounts of each of the named cytokines in pg/ml with respect to the 466

total sum of all the cytokines studied in their composition). 467
BATCH CK ANTI-INFLAMMATORY CK PRO-INFLAMMATORY
(TIMP-1, IGF-1, IL-10, IL-1IRA)  (IL-1, IL-6, IL-18, TNF-qa, IFN-y, IL-17)
PRS CK 99,420 % 0,041 %
STORM
The complete batch characterization that was manufactured is shown in table 5. 468

Table 5. Mean values of the molecules studied. Values are shown in picograms per milliliter. 469
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MIP-1a  SDF-1aa  IL-27 LIF IL-1B IL-2 IL-4 IL-5
81,32 247,56 <2141 20,78 <2,16 <7,21 <10,49 <9,90

(SD 14,56) (SD 46,78) (SD 1,23)
IP-10 IL-6 IL-7 IL-8 IL-10 PIGF-1 Eotaxin IL-12 p70
13,87 403,78 <0,99 268,45 1,99 <1,71 2,56 <4,71
(SD 1,67) (SD 34,56) (SD29,81) (SD 0,56) (SD 0,34)
IL-13 IL-17A IL-31 IL-1Ra SCF RANTES IFN-y GM-CSF
<3,58 <227 <921  63389,96 <3,58 <2,27 <921  63389,96

TNF-a HGF MIP-13  IFN-a MCP-1 IL-9 VEGF-D TNF-8

12,89 371,56 132,87 <0,45 2876,34 <2,89 <0,79 <5,69
(SD 0,78) (SD 54,67) (SD 23,12) (SD 345,12)

NGF-8 EGF BDNF GRO-a IL-1x IL-23 IL-15 IL-18
<6,14 <1,78 <0,34 10,21 <0,61 <6,14 <1,78 <0,34
IL-21 FGE-2 IL-22 PDGF-BB VEGF-A TIMP-1 MMP-3 MMP-1
<6,37 2,72 <18,07 14,87 <6,37 72 <1807 14,87

3.2. Differentiation of THP-1 cells to macrophages

470

The cells after 48 hours of stimulation with PMA (5ng/ml) gain adherence to the 471
culture media and take on a morphology like macrophages. After 24 hours of culture the 472
number of cells in suspension decreases and the number of cells adherent to the plastic 473
increases, a sign of successful differentiation. After 48 hours about 90% of the cells are 474
adherent to the plastic and are used in the experimental model. 475

3.3. In vitro MTT and bioactivity assays on THP-1-derived macrophages 476

First, the results of the MTT assay were analyzed with THP-1 cells previously 477
stimulated with PMA for 48 hours to promote their adhesion to the plastic and the 478

expression of innate and helper receptors. The results are shown in figure 2. 479
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pg/ml

Figure 2. MTT assay with macrophages derived from the THP-1(THP-1m) line and these were ana-
lyzed in three independent experiments with two replicates of the analytical technique. Error bars
indicate the standard deviation between samples. Asterisks represent a p-value < 0.05

Secondly, once the low dose was selected as a possible therapeutic dose for the in
vivo experiment, the results of the in vitro inflammation model performed on THP-1 cells
previously stimulated with PMA for 48 hours to promote their adhesion to the plastic and
the expression of innate and auxiliary receptors, and stimulated with LPS, were analyzed.
The results are shown in figure 3.

pg/ml

™

P

THP-1+LPS + THP-1 + LPS + PRS CK THPA THP-1 + IPS THP-1+LPS+ THP-1 + LIPS+ PRSCK
Hidrocortisone STORM Hidrocortisone STORM

Figure 3. Release of pro-inflammatory cytokines from THP-1 cells differentiated to macrophages
(THP-1m) in the in vitro model of inflammation. THP-1m were stimulated with LPS in the same
way as PBMCs used in previous studies. The graphs show the pg/ml of each of the factors studied.
Error bars correspond to the standard deviation of 3 independent experiments analyzed in dupli-
cate. Asterisks represent a p-value < 0.05.

As can be seen in figure 3, the cells are sensitive to LPS stimuli and the PRS CK
STORM drug studied demonstrates a potent anti-inflammatory effect, at the same level as
the soluble hydrocortisone used as a control.

3.4. In vivo safety test

First, the results of the MTT assay were analyzed with THP-1 cells previously
stimulated with PMA for 48 hours to promote their adhesion to the plastic and the
expression of innate and helper receptors. The results are shown in figure 2.

3.4.1. Animal behavior and comfort.

Throughout the course of the experiment, mice were supervised, to guarantee their
wellness and assess the alterations that might occur following PRS CK STORM admin-
istration. Score Panel can be found at Table 6 and is interpreted as follows: every aspect
gathered in the panel has a given number (first column). If any mouse presents one of
those characteristics, it is scored with that number. Total amount is calculated and, de-
pending on the score, a conclusion can be extracted (see Total Score by the end of the
panel).

Table 6. Supervision Score Panel for mice used in animal experimentation.

SCORE PANEL. MOUSE SUPERVISION PROTOCOL

Animal number ID 16-19, 21-22,25- 20, 23, 24, 30 16-30
29 (before treatment) (during treat-
(before treat- ment)
ment)

Body condition

. SCORE
index

482
483
484

485
486
487
488
489

490

491
492
493
494
495

496
497
498

499

500
501
502

503

504
505
506
507
508
509
510

511
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Normal 0 0 0 0
15-20% decrease 10
>20% decrease (**) 19
Response to Handle
Normal 0 0 0
Slightly 2 2
increased/decreased
Very increased/decreased, 5
aggresive

Behaviour and appearance

Aggressiveness towards 1 0 1 0

other animals

Stereotypies

Piloerection

Piloerection and slight nose

bleeding
Hunched back 10
Convulsions, diarrhea, 19
coma (*¥)
Self-mutilations (**) 19
Severe respiratory distress 19
*
Significant blood loss >20% 19 0 0 0
*9
Severe deydration (**) 19 0 0 0
Blood extraction zone
Slight inflammation 7 0 0 0
Necrosis / ulcer lession (**) 19 0 0 0
TOTAL SCORE 0 3 0

Score: 0-4: normal; 5-9: Increase frequency of animal revisions; 10-18: Consult to veterinarian; >18:
Mandatory sacrificie (**).

3.4.2. Biochemical determinations

Biochemical determinations (safety analysis) are showed in figure 4. Consequently,
no statistical differences were calculated. Exact values of the profile are shown at Supple-
mental information (SI) (Table S2).

512
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518
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Figure 4. Biochemical profile of liver enzymes. Blood samples were extracted from 7 out of 15 mice
from Day 0 (before treatment), and from each one of them at their respective experimental point
(see Methodology). Afterwards, their sera were used to quantify the levels of Biliary Acid, Albumin,
Alanine Aminotransferase, Bilirubin, Cholesterol, Alkaline Phosphatase, y-Glutamyl Transferase
and Blood Urea Nitrogen, using a VetScan VS2 Chemistry Analyzer. Time = Oh is represented as the
mean +/- SD from 7 samples. D0-5 indicates the number of doses already administered at those mice
at every time point. *Reference data were extracted from: Laboratory Animal Medicine, 3rd Edition
(Elsevier, 2015) [38].

3.4.3. Cytokine analysis.

The effect of PRS CK STORM treatment on several relevant murine cytokines (phar-
macodynamic effect) and human cytokines (pharmacokinetic effect) was assessed by
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multiplex assays. As already explained in the materials and methods section, eight of the 531
fifteen Day O samples were randomly selected as baseline values for murine cytokine 532
measurements (protocol in Annex 3). For human cytokines (Pharma, as treatment had not 533
yet started, the assay was discarded at that experimental (pre-dose) point (protocol in An- 534
nex 4). These two assays were performed at the Department of Cell Sorting and Cytome- 535
try, CIBA. Apart from the t = Oh samples, and like the safety analysis, the mice were dis- 536
tributed so that there was one mouse at each time point and dose concentration (n=1), so 537
no statistical differences were calculated. From these values, graphs were made for mu- 538

rine (Figure 5) and human (Figure 6) cytokines. 539
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Figure 5. Analysis of murine cytokines. Blood samples were extracted from 8 out of 15 mice from
Day 0 (before treatment), and from each one of them at their respective experimental point (see
Methodology). Afterwards, their sera were used to quantify the levels of human TNF-a, IL-6, IL-10,
IL-1pB, IFN-y, IL-1Ra, IL-12 p70, and HGF, by multiplex assays. D0-5 indicates the number of doses
already administered at those mice at every time point. Time =0 h is represented as the mean +/- SD
from 8 samples. Supplementary information is available in Table S3: Values of murine cytokines
analyzed by multiplex assay.
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Figure 6. Analysis of human cytokines. Blood samples were extracted from 8 out of 15 mice from
Day 0 (before treatment), and from each one of them at their respective experimental point (see
Methodology). Afterwards, their sera were used to quantify the levels of mouse HGF, TNF-qa, IL-12
p70, IL-1p, IL-6, IL-10, IFN-y y TIMP-1, by multiplex assays. DO-5 indicates the number of doses
already administered at those mice at every time point. Time =0 h is represented as the mean +/- SD
from 8 samples. Supplementary information is available in Table S4: Values of human cytokines
analyzed by multiplex assay.

3.5. In vivo efficacy test
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The results of the Irwin test [37] are analyzed to evaluate the overall effect of the
conditioned medium administered intravenously to mice in which the cytokine storm
model was generated by retroorbital injected LPS (see table 7).

Table 7. Concentration values of the different metabolites that make up the biochemical profile of
the mice. Each dot indicates the value obtained for one mouse. The grey dashed lines in each table
indicate the reference values for each of the metabolites. Values for globulin are from Contempo-
rary topics in laboratory animal science [39]; glucose is from Fernandez et al. in 2010 [40]; total
bilirubin, blood urea nitrogen, calcium, phosphorus, potassium, and creatinine as described by
Mazzaccara et al. in 2008 [41], and for the rest as defined in Laboratory Animal Medicine, 3rd Edi-
tion (Elsevier, 2015) [38].
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From the blood obtained after euthanasia and exsanguination of the animals,
biochemical tests were carried out to determine the biochemical profiles, which are shown
in figure 7. The Mann-Whitney test was used for statistical significance (*p<0.1; **p<0.05).
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Figure 7. Analysis of human cytokines. Blood samples were extracted from 8 out of 15 mice from
Day 0 (before treatment), and from each one of them at their respective experimental point (see
Methodology). Afterwards, their sera were used to quantify the levels of mouse HGF, TNF-a, IL-
12 p70, IL-13, IL-6, IL-10, IEFN-y y TIMP-1, by multiplex assays. D0-5 indicates the number of doses
already administered at those mice at every time point. Time = 0 h is represented as the mean +/-
SD from 8 samples.

Figure 8 shows the evolution of the values obtained for murine cytokines (TNF-a,
IL-1p3, IL-6, MMP-3, IL-10 and TIMP-1) throughout the treatment.
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Figure 8. Serum values of the different murine cytokines 1, 2 and 3 days after treatment expressed
in pg/ml as the mean of the values of the 5 mice in each of the experimental groups. Evolution of
murine cytokines. Asterisks (*) indicate a concentration below 3.2pg/ml, the detection limit of the
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Figure 9. Serum values of the human different cytokines 1, 2 and 3 days after treatment expressed
in pg/ml as the mean of the values of the 5 mice in each of the experimental groups. Evolution of
murine cytokines. Asterisks (*) indicate a concentration below the detection limit of the assay.

histological sections.

Finally, histopathological analysis of samples obtained from various organs of the
mice after necropsy showed patchy interstitial thickening of the lung in most of the sample
in the LPS treatment, whereas, as the concentration of the test drug (PRS CK STORM)
increased, the observed damage reversed to the point that there was no lung damage at
all in those treated with high doses. Slight liver and spleen damage was observed, which
the drugs also reversed. As for heart and kidney, no pathological findings were detected
(images not shown). Table 8 shows the information obtained from the different

Table 8. Summary of the main events observed in the histological sections of the different organs
to be studied. Boxes with - mean that no pathological involvement was observed.

Group LUNG  HEART LIVER KIDNEY SPLEEN
Control Group 1* 1* 1* 1* 1*
LPS Group 2% 1* 6* 1* 9*
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Anakinra Group 3* 1* 7* 1* 9*

PRS CK STORMuow Dose 4* 1% 8* 1% 1*
PRS CK STORMMedium Dose 5% 1% 7* 1% 1*
PRS CK STORMs=igh Dose 1* 1* 1* 1* 1*

1*: Image compatible with normality; 2*: Inflammatory infiltrates that thicken the alveolar interstices ~ 601
in more than 60% of the histological section; 3*: Inflammatory infiltrates that thicken the alveolar 602
interstices in more than 50% of the histological section; 4*: Inflammatory infiltrates that thicken the 603
alveolar interstices in 30% of the histological section; 5*: Inflammatory infiltrates that thicken the 604
alveolar interstices in 20% of the histological section; 6*: Clear dilatation of spaces between hepatic 605
sinusoids; 7*: Slight dilatation of spaces between hepatic sinusoids; 8*: Central lobule vein with 606
dilated sinusoidal capillaries; 9*: Slight disorganization of the splenic pulps. 607

Figure 10 shows examples of the lung sections studied in the different groups of the 608
experiment. 609

b T i Ul i ) o 0
TREATMENT WITH PRS CK STORM MEDIUM DOSE TREATMENT WITH PRS CK STORM HIGH DOSE

610

Figure 10. Lung anatomo-pathological study in the different groups of mice in the experiment. In 611
the group treated with the highest dose of our conditioned medium, the appearance of the lungis 612
very similar to that of the untreated control group. 613

4. Discussion 614

The PRS CK STORM test drug was produced by non-direct contact coculture of M2 615
macrophages with MSCs under GMP-like conditions at Histocell’s advanced cell therapy 616
factory. 617
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Multiplex characterization of PRS CK STORM batches for cytokines, chemokines and 618
growth factors shows that all those with a pro-inflammatory role are below detection lim- 619
its [42], except IL-6 and IL-8, which are considered dual cytokines with respect to the im- 620
mune response, i.e., depending on the context in which they act, they can be either pro- 621
or anti-inflammatory [43]. Several authors have shown that to define the pro- or anti-in- 622
flammatory character of a mixture of cytokines and growth factors, the most important 623
thing is to define ratios between them [44,45,46,47]. In this regard, the analysis of the PRS 624
CK STORM ratios shown in table 1 shows a clear anti-inflammatory profile, with the ratio 625
of pro-inflammatory (IL-1, IL-6, IL-18, TNF-a, IFN-y, IL-17) versus anti-inflammatory 626
(TIMP-1, IGF-1, IL-10, IL-1RA) cytokines being 0.00042. 627

In vitro tests to demonstrate potential efficacy (bioactivity test) and safety (MTT type 628
test) are considered of great importance for the future development of this drug, as similar 629
products successfully employ a strategy of mixing conditioned media from different do- 630
nors to obtain one or more homogeneous batches from very heterogeneous components 631
[48] and will allow the establishment of quality and safety conditions for both the manu- 632
facture and release of the product. The THP-1 cell line used in this study does not origi- 633
nally show sensitivity to 100ng/ml LPS according to our own experience (data not shown) 634
and descriptions in the literature [31]. These cells gain sensitivity to LPS when differenti- 635
ated to macrophages with the addition of PMA to the culture medium. Upon differentia- 636
tion, they gain macrophage (THP-1m) characteristics and begin to express increased levels 637
of membrane receptors capable of detecting LPS (data not shown). This cell line allows us 638
to study the responses of a cell type very similar to tissue-resident human macrophages, 639
not present in the PBMC population, with very little variability and a very stable pheno- 640
type. Using the THP-1 cell line [49] compared to the PBMCs used by our group in another 641
study is a great advantage in the method, since, as can be seen in the results, although IL- 642
1P responses vary and are lower in THP-1 compared to PBMCs, TNF-a responses remain 643
almost identical, with practically the same release, avoiding possible cross-reactions of 644
eosinophils or mast cells present in PBMCs that can alter the levels of IL-1p and/or TNF- 645
a upwards. The study of these inflammatory mediators and not others related to the im- 646
mune response is because these are the main and first factors secreted by PBMCs when 647
they are stimulated in an innate immunity reaction in the first instance to a stimulus from 648
a pathogen. These factors, IL-13 and TNF-a, have a wide range of functions from cell pro- 649
liferation to induction of apoptosis [50]. They are also at the end of the signaling pathways 650
used to generate inflammation in our model; IL-1p is secreted when the inflammasome is 651
engaged and caspase 1 converts inactive pro-IL-1{3 into bioactive and secretable IL-13, 652
while TNF-a is released from the cell membrane when the nuclear factor kappa-beta (NF- 653
k) pathway is activated [51]. These two cytokines, although not the only ones responsible 654
for inflammation, are able to provide a good insight into the inflammatory response de- 655
rived from the LPS stimulus as they are the main factors studied by most research groups 656
performing this type of modelling [52,53,54]. 657

The results shown in figure 2 of the safety MTT assay demonstrate that any of the 658
doses of PRS CK STORM can be used in the in vivo assay, since all of them show a statis- 659
tically significant reduction in the reduction of formazan, although it is the low dose of 660
PEI that seems to show a higher level of reduction. It was therefore decided to use this 661
dose to test possible in vitro efficacy, a result shown in figure 3. 662

Respect to the in vivo safety assay, the Irwin test (Table 6) shows that four out of 663
fifteen mice manifested a slight increase in their resistance to handling and agitation be- 664
fore the beginning of the treatment. As the procedure was underway, this behavior dis- 665
appeared, and no mice presented any type of alterations until the end of the experiment. 666
These observations suggested that PRS CK STORM treatment does not induce any sec- 667
ondary effects, at least at a macroscopic level, at the experimental doses used. In the same 668
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experiment, it was observed that the moderate dose induced an increase in alkaline phos- 669
phatase after the first injection, which was maintained in the second dose, but no relation- 670
ship between the dose level or the number of administrations with the increase was evi- 671
dent, and its concentration returned to normal values at the end of treatment (time = Oh). 672
A peak in standard alkaline phosphatase values after the fourth injection was also ob- 673
served when using PRS CK STORM at low and high doses; however, they also returned 674
to normal after the fifth injection and the final values remained normal (Figure 4). As for 675
alanine aminotransferase, a single increase (four times above standard values) was de- 676
tected in a single mouse after the third injection of high-dose PRS CK STORM. Despite 677
this, the observed increase returned to the normal range quickly and was maintained for 678
the remainder of the treatment (Figure 4), again ruling out possible dose dependence. Fi- 679
nally, no variations were found in the concentration of y-Glutamyl Transferase; therefore, 680
this enzyme does not appear to be affected by PRS CK STORM administration (Figure 4). 681
Therefore, from these data it can be concluded that PRS CK STORM does not affect the 682
liver, as the single peaks detected appear to be isolated and not dose dependent. Moreo- 683
ver, in all these cases, either after the first two doses or after the time interval (48-120h), 684
all mice quickly recover their standard values and, at the end of the experiment, even in 685
mice injected five times with this drug, all values normalize. Bile acid did appear to in- 686
crease, after the first injection at the moderate doses, and the third injection at the other 687
two concentrations; however, as before, these are single peaks that resolved the following 688
day and, at the end of the experiment, remained in the standard range (Figure 4). Bilirubin 689
rose slightly after the first (low dose) or second (moderate and high dose) administration, 690
but again, the increases quickly returned to normal and remained low until the end (Fig- 691
ure 4). Blood urea nitrogen showed no variation throughout the experiment (Figure 4). As 692
for albumin, which is an acute-phase negative protein, it did not change at the low dose 693
of PRS CK STORM, but an increase could be detected after the second injection in the 694
other two concentrations (Figure 4). Regardless of this, the mice normalized their values 695
at the end. In the case of cholesterol there was a moderate increase, but it did not seem to 696
be too relevant for the health and well-being of the mice (Figure 4). As for murine cyto- 697
kines (pharmacodynamic results), starting with anti-inflammatory cytokines, more spe- 698
cifically HGF and TIMP-1, they were not indifferent to PRS CK STORM treatment, as an 699
increase and subsequent stabilization was detected (Figure 5). This was especially clearin 700
the case of TIMP-1, where an increase in the order of 2.5 was observed after administration 701
of the high dose of PRS CK STORM (only at the high dose, after the second injection). 702
Despite this, the values of both proteins decreased after the 72h untreated interval and, at 703
the endpoint, normalized (Figure 5). Taken together, this could be relevant, as it suggests 704
that the mice may initiate an anti-inflammatory and reparative mechanism that could re- 705
solve the increase in transaminases. As for the remaining anti-inflammatory cytokine, IL- 706
10, there was little variation throughout the experiment (Figure 5). IL-1p was unchanged 707
from day 0 values (there was even a decrease in the fourth treatment when the high dose 708
of PRS CK STORM was used, but it returned to standards) (Figure 5). The same interpre- 709
tation can be applied to IL-12 p70 and IL-6 (the apparent increase in IL-6 observed on the 710
last day at the highest dose was still within baseline values) (Figure 5). Notably, IFN-y 711
and TNF-q, both of which are considered pro-inflammatory or loss of homeostasis mark- 712
ers, along with IL-1f3, were always below the limit of detection and did not increase after 713
PRS CK STORM treatment (Figure 5). As for the human cytokines (pharmacodynamic 714
results), it was evident that the concentration of TNF-at was barely detectable at baseline 715
and remained virtually unchanged throughout the experiment (Figure 6), coinciding with 716
the baseline levels of PRS CK STORM (Table S1). The same was true for HGF and IL-6 717
(figure 6), whose concentrations were lower than baseline PRS CK STORM (table S1) and 718
their murine counterparts (figure 5). In the case of IFN-y, IL-10 and IL-1f3, their concen- 719
trations were very low and, in most samples, were below the limit of detection. Thus, 720
despite being apparently higher than their PRS CK STORM characterization reference val- 721
ues (see both Figure 6 and Table 5), their concentrations were almost undetectable and 722
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presumably unaltered. As for IL-12 p70, although it appeared to increase for all doses, 723
they eventually resolved and declined to baseline concentrations, suggesting that this cy- 724
tokine is eventually cleared from the body without further complications (Figure 6). Fi- 725
nally, in the case of the anti-inflammatory IL-1RA receptor, although an unusual peak was 726
initially observed at all doses, its concentration decreased greatly from day 1 of treatment, 727
falling below baseline values by the end of the experiment (Figure 6). 728

Respect to the in vivo efficacy assay, the experimental model employed uses LPS as 729
the causative agent of acute lung damage, causing a cytokine storm in the body of the 730
mice like that produced by any lung infection, as for example occurs in COVID-19 disease. 731
Irwin's test (see table 7) showed a statistically significant reduction in body temperature 732
in LPS-treated mice. In fact, the mean basal temperature went from approximately 36.3°C 733
to 24°C after LPS stimulation. This necessitated placing all animals in a thermal blanketto 734
preserve life. This was not done in the gold standard group, which may have contributed 735
to the lower mean temperature of the group. In all groups treated with LPS, there wasa 736
slight increase in stooping, slight diarrhea, and consequent dehydration of the animals, 737
which was mild in all groups treated with PRS CK STORM, and more intense in the group 738
treated with Anakinra. On the other hand, a slight increase in piloerection was observed 739
in the group treated with low-dose PRS CK STORM and in the group treated with LPS 740
alone, which was greater in the group treated with Anakinra. Mild tremor and a signifi- 741
cant decrease in exploratory activity as well as general reactivity were observed in both 742
the LPS-only and Anakinra-treated groups. These were not observed in any of the PRS 743
CK STORM-treated groups. Of the 35 animals in the study, four of them died at some 744
intermediate point, as shown in table 3. On the day after administration, mice 12 and 32 745
died and were found to have severe gastritis at necropsy. On the second day after admin- 746
istration, mice 27 (necropsy showed clear signs of lung inflammation with severe gastritis) 747
and 32 died (necropsy showed slight signs of lung inflammation). Irwin's test showed that 748
PRS CK STORM markedly attenuated the detrimental effects of the cytokine storm asso- 749
ciated with LPS administration, which is like that produced during a severe acute phase 750
of an infectious process, as occurs in COVID-19. Biochemical profiles of mice and rats are 751
poorly described in the literature, and vary widely between sexes and strains, as well as 752
between different sources consulted, which complicates data analysis. Most of the pro- 753
teins and metabolites analyzed follow the same trend, irrespective of the experimental 754
group observed. As for albumin (figure 6B), the main protein present in the blood, there 755
is a decrease in albumin in all groups administered LPS, which fits with what was de- 756
scribed by Ballmer et al. in 1994 [55] as hypoalbuminemia occurs when the organism un- 757
dergoes sepsis due to infection. Related to this is the decrease in total protein (figure 6A), 758
as a decrease in albumin will lead to a decrease in total protein because it is at very high 759
concentrations. The decrease observed for glucose (figure 6K) could be explained by the 760
presence of IGF-1 in the drug administered, which emulates insulin and increases glucose 761
uptake by tissues [56], as well as the presence of other sugars in the secretome that make 762
up the PRS CK STORM that could interact, decreasing basal glucose levels. The increase 763
in globulin (figure 4N) can also be explained by LPS, as these proteins increase in inflam- 764
matory situations. In addition, within the large group of globulins, the growth of immu- 765
noglobulins in the presence of LPS is noteworthy [57]. The rest of the parameters remain 766
without significant modifications between the different treatments (figures 4C, 4D, 4E, 4F, 767
4G, 4H, 41, 4]), suggesting that they are all within the normal range. For potassium (figure 768
4M), its concentration could not be determined because they all exceeded the detection 769
limit of the program used, so it is not possible to determine whether its value is modified 770
by inducing LPS and drug treatment. 771

As for pharmacodynamic and pharmacokinetic results, the levels of the following 772
cytokines, both murine (TNF-a, IL-1§3, IL-6, MMP-3, IL-10 and TIMP-1) and human (IFN- 773
a2, IL-10, IL-13, IL-6, TNF-a and IL1Ra), were monitored to assess the effect of the PRS 774
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drug CK STORM, which demonstrated its therapeutic potential by inhibiting the pro- 775
duction of pro-inflammatory cytokines, while increasing the production of anti-inflam- 776
matory cytokines such as IL-10, whose function lies in its ability to inhibit the synthesis of 777
these pro-inflammatory cytokines. Figure 7 shows the evolution of these murine cytokines 778
detected in the sera of the mice on each of the days of treatment. In view of these results, 779
it can be deduced that stimulation with bacterial lipopolysaccharide (LPS) can induce the 780
expected inflammatory response, being more pronounced in the most acute phase, the 781
day after the administration of the treatment, and decreasing over time. In the control 782
group and the vehicle, no pro-inflammatory cytokines were observed, confirming that 783
LPS is the cause of this response. In the group treated with Anakinra (gold standard), a 784
significant decrease in the concentration of all the murine pro-inflammatory cytokines 785
studied (TNF-a, IL-1p3, IL-6) was observed. It should be noted here that mouse number 786
32, which died on day 2 of the experiment, recorded very high levels of IL-13 on day 1 787
(42.53pg/ml), which could justify its death one day later. This is striking as Anakinraisan 788
interleukin-1 (IL-1) receptor antagonist. Also striking in figure 8 are the elevated levels of 789
human IL-1p and IL-1Ra recorded in 31 of the same group on the day of the experiment. 790
In this case the IL-1Ra levels could be explained by the same treatment received (Ana- 791
kinra), as the same increase was observed in mouse 33, but in the latter the IL-13 levelson 792
day 3 were low, the opposite occurring in mouse 31 where a large increase in human IL- 793
1P was observed. This could be due to a cross-reactivity phenomenon. Treatment with 794
PRS CK STORM at the different concentrations tested also causes a considerable decrease 795
in murine pro-inflammatory cytokine levels over time, especially at the high dose, as can 796
be seen in figure 7. Although, in general, it appears that both the high-dose PRS CK 797
STORM treatment and the gold standard Anakinra treatment seem to control the cytokine 798
storm, in the high-dose PRS CK STORM group the mean murine TIMP-1 level on day 3 of =~ 799
the experiment was 24551.55pg/ml, while the same mean level in the Anakinra group was 800
only 9441.99pg/ml, with the mean murine MMP-3 values in both groups being very simi- 801
lar. This could be related to the anatomopathological observations (see table 8 and figure 802
9) observed in these groups, as the Anakinra-treated group showed lesions in the lung, 803
liver, and spleen very similar to those observed in the LPS-only group, reporting inflam- 804
matory infiltrates thickening the alveolar interstitium in 50% of the lung section, as well 805
as mild inflammatory lesions in both liver and spleen, while no lung lesions were ob- 806
served in the group treated with high-dose PRS CK STORM (further information can be 807
found at annex 6 and 7 of supplementary materials). Another important observation in 808
this regard, which histopathology confirmed a posteriori, was the fact that the seconds it 809
took for the mice to die in the CO2 chamber were timed (an average of 118sg for the high- 810
dose PRS CK STORM-treated mice, versus an average of 27sg for the Anakinra-treated 811
mice). TIMP-1 is an inhibitory molecule that regulates matrix metalloproteinases (MMPs) 812
and disintegrin metalloproteinases (ADAM and ADAMTS) [58], down-regulating metal- 813
loproteinases (MMPs) and thus playing a crucial role in the composition of the extracellu- 814
lar matrix (ECM), favoring tissue regeneration, and slowing fibrotic scarring processes 815
[59]. On the other hand, it is also noteworthy that in both the group treated with high- 816
dose PRS CK STORM and the group treated with Anakinra, IL-1f3 levels decreased on day 817
3 to the same mean levels (6.1pg/ml). It is clear that Anakinra being an IL-1 receptor an- 818
tagonist, this decrease is a direct consequence of its mechanism of action [60,61], butin the = 819
case of high-dose PRS CK STORM, the IL-1Ra content is much lower than in the case of 820
Anakinra (7849.47pg total versus 5x109pg total, respectively), so the anti-inflammatory 821
effects observed by the action of PRS CK STORM, may not be due to the direct action of 822
its IL-1Ra content, but are possibly due to a combined action of the set of molecules con- 823
tained in it on different points of various metabolic cascades linked to pattern recognition 824
receptors (PRRs), producing cytoprotective, anti-apoptotic and tissue regenerative effects, 825
downregulating the production of fibrosis [48,62,63]. Our group is currently immersed in 826
the study of the mechanism of action of PRS CK STORM, as well as in the toxicology tests 827
under GMP conditions, necessary to bring PEI to human clinical trials. 828
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Therefore, it appears that high-dose PRS CK STORM may be useful in preventing 829
and treating the cytokine storm associated with severe infectious processes, such as that 830
associated with COVID-19, since the data analyzed suggest that at this dose it could pre- 831
vent the associated life-threatening aggravation, while avoiding the appearance of fibrosis 832
in the tissues affected by the inflammation. 833

5. Conclusions 834

The results show that PRS CK STORM is composed of a secretome with a clear anti- 835

inflammatory, anti-fibrotic and regenerative profile. The use of THP-1m cells in the 836
methods presented in the present study as tests for testing the biosafety and anti-inflam- 837
matory potential of PRS CK STORM makes these tests reproducible and reliable, and 838
they should be implemented as quality control tools in the production processes of dif- 839
ferent conditioned media. PRS CK STORM at high doses has demonstrated a high capac- 840
ity, not only to reduce acute inflammation in cytokine storms associated with severe in- 841
fections by immunoregulating the activity of the innate immune system and improving 842
its coordination with adaptive immunity, but also its efficacy as an anti-fibrotic drug, 843
avoiding the medium and long-term negative consequences of acute inflammatory phe- 844
nomena. 845

Taken together, the results suggest that high-dose PRS CK STORM, secretome from 846

coculture of M2 macrophages with MSCs, may become a safe and effective biological 847
drug to prevent and treat cytokine storm associated with severe infectious processes, 848
such as that associated with COVID-19. 849
6. Patents 850

This research work has resulted in the patent PCT/EP2020/059365 “Composition for 851
tissue regeneration, method of production and uses thereof”. 852

Supplementary Materials: The following supporting information can be downloaded at: 853
www.mdpi.com/xxx/s1, Table S1: Molecular characterization of PRS CK STORM batch used in those 854
experiments; Table S2: Values of biochemical profile from mice sera; Table S3: Values of murine 855
cytokines analyzed by multiplex assay; Table S4: Values of human cytokines analyzed by multiplex 856
assay. 857
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