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Abstract

®
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The COVIDI19 pandemic, designated as a public health crisis by the World Health Organization (WHO), is rapidly spreading
around the world impacting the health and economy of almost all the countries. The data of hospitalized COVID19 patients,
especially those with serious illness, indicate the involvement of immunopathological complications. As no effective treatment is
currently available, we propose ‘Primed” Mesenchymal Stem Cells (MSCs) as a therapeutic alternative to tackle devastating
epidemic. The individual response to MSCs treatment is heterogeneous. During the treatment of infectious pathology, the
effectiveness of the treatment may vary based on the disease scenario. Interestingly, when transplanted in vivo, MSCs are
governed by the locally regulated microenvironment, suggesting that the restorative variability could be tailored by choosing a
priming regimen to specifically correct a given pathology. Therefore, in our opinion, the priming of MSCs could be a novel

approach to improve the responses of COVID19 patients.
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Main

Over the past 5 months, the coronavirus disease 2019
(COVID19) pandemic has relentlessly impacted the global
population. The first case of COVID19 infection was identi-
fied in the Wuhan City of China on December 1, 2019. Since
then, the virus has spread to 213 countries and territories,
resulting in over 5.3 million confirmed cases and over
340,000 deaths as on May 23, 2020 (https://www.
worldometers.info/coronavirus/). People of all ages are
vulnerable to COVIDI19 infection; however, those over
60 years of age and with pre-existing medical conditions, such
as cardiovascular disease, diabetes, or high blood pressure, are
more prone to fall seriously ill and succumb to the disease.
According to the Centers for Disease Control and Prevention,
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the symptoms of COVID19 include fever, cough, and short-
ness of breath, fatigue and sudden loss of sense of smell and
taste in some cases (https://www.cdc.gov/coronavirus/2019-
ncov/symptoms-testing/symptoms.html), though its typical
characteristic is pneumonia that requires hospitalization and
even death, if not intervened timely.

For any therapeutic intervention, the pathological cascade
involved in a disease needs to be elucidated. Therefore, iden-
tifying the SARS-CoV-2 virus receptor recognition mecha-
nism that regulates its virulence and pathogenesis holds the
key to confront the COVID19 epidemic [1]. Structural analy-
sis of SARS-CoV-2 revealed that the enveloped, positive-
sense, single-stranded RNA viruses belong to the genus f3-
coronavirus and have azoonotic origin [2]. Mounting evidence
suggests that SARS-CoV-2 primarily spreads through the re-
spiratory tract, either in the form of droplets, respiratory se-
cretions, or direct contact [3]. In addition, the abundant pres-
ence of ACE2 protein receptor in lung alveolar epithelial cells
facilitates the binding of SARS-CoV-2 spike-S-glycoprotein,
and thus, expedites viral infection. This interaction also acti-
vates distinct cytokines crucial for antiviral responses. The
data of critically severe COVID19 patients revealed the pres-
ence of IL-2, IL-6, IL-7, IL-10, TNF-&, GCSF, MCP-1, MIP-
lx, and TNF-« [4] to name a few. To date, no specific ap-
proved antiviral therapy for the treatment of COVID19 infec-
tion is available, except standard supportive care e.g.,
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oxygenation, ventilation, and fluid management, etc., and
some non-specific treatments e.g., hydroxychloroquine and
chloroquine etc., to ameliorate the symptoms, and some anti-
virals and protease inhibitors. Thus, to reverse or combat the
detrimental effect produced by SARS-CoV-2 virus, there is an
urgent need for a reliable therapy. In this context, multipotent
mesenchymal stem cells (MSCs) have shown a strong safety
and efficacy profile as they have been intensively investigated
in preclinical and clinical studies of various lung diseases,
including respiratory virus-induced acute respiratory distress
syndrome (ARDS) [5, 6]. Over the past years, the MSCs in-
fusion exhibited an excellent safety record as evident in the
871 clinical trials registered in the National Institute of Health
database (https://clinicaltrials.gov/ct2/results?cond=
Mesenchymal+Stem+Cells&term=&cntry=&state=&city=
&dist=), including 117 trials (https://clinicaltrials.gov/ct2/
results?cond=mesenchymal+stem+cell&term=
pulmonary&cntry=&state=&city=&dist=&Search=Search)
on pulmonary complications, to date. On the other hand, 2845
COVIDI19 trials worldwide as of 23 May 2020 at World
Health Organization-International Clinical Trial Registry
Platform (https://www.who.int/ictrp/en/) and 29 clinical
trials on MSCs and COVIDI19 as of 23 May 2020 (https://
clinicaltrials.gov/ct2/results?cond=mesenchymal+stem+
cell&term=COVID19&cntry=&state=&city=&dist=
&Search=Search) have been registered at the NIH database.
Worth mentioning, that out of 29 clinical trials, one has been
withdrawn (trial no. NCT04293692), therefore, as yet, 28
trials have been registered with a participation of
approximately 1525 patients. All of the mentioned studies
that employ MSCs and COVID19 patients are in early-
phase, and either recruiting or yet to recruit the participants.
To brief, out of the twenty-four clinical trials UC-MSCs
will be utilized in eleven clinical trials, and AD-MSCs will
be utilized in six trials, two will employ DPSCs, one with
OM-MSCs, three on BM-MSC, and one (NCT04276987) will
utilize exosomes derived from allogenic adipose mesenchy-
mal stem cells, also the trail no. NCT043660663, with 60
participants, will be utilizing the MSC-derived exosomes in
twenty participants (20/60), twenty will receive MSC only
(20/60), and the rest twenty will be treated as control (20/
60). Four registries do not reveal the tissue source (Table 1).
The minimum age eligibility criteria in all the trials are
18 years, except the trial no. NCT04349631, NCT04362189,
and NCT03042143 where child, adult, or aged, all are eligible
to get enrolled as participants. None of the above studies have
gender restriction, and the minimum follow-up time is
3 months for each of these investigations. The above registries
indicate that a majority of studies will employ umbilical cord-
derived MSC which seems reasonable for the following rea-
sons: ease of harvest, fast doubling time, high scalability, and
since umbilical cord has a high concentration of stem cells,
they can provide a large amount of cells. Noteworthy they
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have faster doubling times, more plasticity, and with no tu-
morigenicity [7, 8]. They are derived from a discarded tissue,
and so have less ethical concern. In our opinion and experi-
ence, amongst the cell types used, equally desirable cell type
for COVID19 patients is DPSCs, since they too appear to have
similar advantages like UC-MSCs. Some of the unique advan-
tages associated with DPSCs are noninvasive isolation, ease
of harvest, and easy accessibility, as they reside in the impact-
ed third molar; beside strong therapeutic ability are the key
advantages of DPSCs [9]. They show clonogenicity, and
higher ex-vivo proliferative capacity [10] compared with
MSCs; they are less prone to malignancy [11], and therefore
can give rise to sufficient numbers of cells for cell therapy.
Compared with umbilical cord stem cells, DPSCs demonstrat-
ed delayed cellular senescence [12] which can be correlated to
the increased expression of genes related to growth factors
[13]. They have minimal ethical concerns, which is otherwise
a hurdle often associated with other cell types. In the presence
of specific stimuli, they can give rise to several cell types [14,
15]. As per our knowledge, to date, there is only a single pre-
clinical investigation [6], apart from a case report [16] that
supports the rationale for the use of MSCs in COVIDI9.
Interestingly, the Abu Dhabi Stem Cell Center (ADSCC),
UAE has recently supervised a clinical trial on 73 COVID19
patients employing ‘Activated” MSCs. The study claims that
all the participants were successfully treatment and cured re-
lieved of symptoms of the virus by inhaling the treatment into
their lungs after it has been nebulized into a fine mist (https://
www.khaleejtimes.com/coronaviruspandemic/coronavirus-
uaes-stem-cell-treatment-fights-symptoms-of-covid-19-not-
cure-it—). The source of the MSCs was patients own blood.
However, no further information has been provided, therefore,
more detailed information regarding the procedure of stem
cell processing and priming, dose and timing of MSCs
inhalation, patients’ age and gender, and the follow-up is
needed to determine the efficacy of MSCs activation on those
patients.

Interestingly, the data obtained from a single-center, open-
labeled pilot investigation in COVID19 patients from China
demonstrated that the treatment with MSCs improved disease-
associated parameters in severe and critically severe patients
[16]. To brief, seven patients (one critically severe, four se-
vere, and two having common symptoms of pneumonia) were
enrolled in the treatment group, where as three patients served
as placebo controls (all displaying severe symptoms). All
treated patients received a single dose of 1X10® MSCs/kg
body weight. Remarkably, all seven showed improvement
over two weeks with no noticeable adverse effect, thereby,
demonstrated the safe and effective infusion of ACE2°
MSCs in COVID19 pneumonia patients. The overall im-
provement in the MSCs infused group was striking as within
2 days after treatment pulmonary functions and symptoms of
all the seven patients significantly improved, and most tested


https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/
https://doi.org/https://www.worldometers.info/coronavirus/

155

Stem Cell Rev and Rep (2021) 17:153-162

SIA 920z 1AV :D0d U JO JuswRleqy 103 S[[°D €08°CS
- 06081 pog 0z0¢ [1dy :SOd SOSIN-AV 0T 10N I [eWAYOUSOIA osodipy EPOION  -11
(61AIAOD) 610T
9SBASI(] SNIIABUOIO))
IA\ STUSEJ SI9AJS
020C 10} JUSUIBALL, [[0D
SIX Joquaoe( :D0d Sunimooy wo)S [BWAYOUISIIA R9¢9
euryy SL O8I wod 0Z0T Mdv :s0d SOSIN-ING 0¢ JON I pue] PRALIRJ-MOLIBJA suog EPOLON 01
020z dunf :D0d BIUOWNAUJ
SIA 00T 61dIAOD Jo yuauneal], 3y Ul S[[RD WS 099°6€
'UlD SL OB wog  Areniqaq :SOd SOSIN-DN 0¢ Sunmiay I pue | [EWAYIUSSI UBWNH JO [OIBISSY [BOTUI[D) £70LON -6
syuaned 61AIAOD
QI0AQS J8A1], 0} S[[0D)
wolS [EWAYOUISIIA
1202 ding [eyueg uewny
SIX RN :D0d orouesoy Jo Aprug ¥$T'9¢
BUIY) 9 01 8] pog 0z0¢ [1dy :SOd $OSdd 0T Sunmiooy I pue [ Kowoyg pue Kjoyes €YOION -8
(0Xg-sDSIN)
0202 AInf :DOd SOSIN-AV BIUOWNAUJ SNIIABUOIO)) [QAON I0AS Sunear],
"SI 0202 woxy Sunmioay SOWIOSOXH S[[9)) WIS [EWAYOUISIA
- GLOY 81 pog  Arenigeq :SOd PALISP SaWOSOXH 0¢ JON 1 Jo uoneeyu uo Apmig [edMUID) JOIId V  L869LTHOLON L
20T BIUOWNSUJ QIOAS SIIIABUOIO))
SIX Areniqed :DOA Sunmiooy [AON] JO JUSUIIBAL], O} UI S[[0) W)S
BUlD G9 01 81 wog 020z Mdv :s0a SOSIN-DN 8 JION - [EWAYIUSSIA| PI0)) [EIIqUIN) UewnH Jo ApMiS  949¢LTHOLON -9
120T
Ioquieodd :DOd
SIX 0202 SNIIABUOIO)) [OAON 6107 YMA\ POIOSJU] Siuaned
LLIT0) 0,93 81 pod Arenuef :SO0Q SOSIN 0C Sunmioy [ elUOWNAU JOJ JUSUREALL, [[9D) WIS [BWAYIUSSIN  811ZSTHOLON -S
120T Amnf :D0d &
SIA 020T Yorey Sunmooy -seyd S[[0D WIS [BWAYIUsIN dingd [eyue Aq pojear],
- GLOY 81 pog ‘Sod sOSdd ¥ JON Areg BIUOWNIU AIAS PIdNPU] SIIABUOIOT) [9AON  61STOEFOLON -
020z AInr :D0A
SIA 020T YoreN (61AIAOD) 610T SOsLAsI( SIIA LUOIOD) AIIAIS
'ulyy SLOY 81 pod ‘SOa SOSIN 06 Sunmiay I 10§ S[[9D) WIS [BWAYOUISIIA UHA JUSUNBALL, 70 188THOLON €
00T
Iop[o Joquides:DOd
pue 020C YoIe|N S[[9D) WR)S [EWAYOUISIIA -A[Of S, UOMBYA\
uepiof SIA 81 pog ‘Sod SOSIN-[M S Sunmioy 1 Suis() syusned 61AIAOQD JO Juowgeal], zzeelcr0LON -C
Iop[o
pue 020z 2unf :DOA Sunmiooy BruowNdUg 61 qIAOD 9I0AS YIM Sjudned
[lzelg SIA 81 wog 020z Mdv :s0a ® [19D ISON 99 JION 1 JBaIL, 03 [[9D) WSS [EWAYOUISSN® (19D 19N L86STEF0LON -1
(Do)
(pog Jo o31e(
/3[R, {/3RIN) (SOQ) suonuUOAIU]  (U)dzIS Joquinu
Knuno)y BV opuan 11®)S JO (] ’mpP)  adwes sme)s  aseyq JPIL ApMS  [elD [BOIUI]) ON'S
020T'S0"ET 118 VSN “HIN UMM PAIdISIZar SOANRALIOP J19Y) 10 DSIA PUE 6 [TAQD JO S[EL [BOIUI[d 9y} jo uonejudsaidor onewo)ss | djqe)

pringer

Qs



Stem Cell Rev and Rep (2021) 17:153-162

156

papuedxd jo s[eD
WoYS [BWAYIUISIIN
JNPY 919USZ0[[Y JO UOHBNSIUIPY

120C snoudAenu[ Jo Aoedryq
SIA 199010 D0d Sunmiody pue KRjyes oy €2€°99
- 080181 wog 070z 1dy :S0a SOSIN-AV 9T JON I pue] SSISSY 0} [BLL], [edIUI[) €POLON 91
S[[2D WAS
[BWAYIUISIIN
PAALIdPESOONIA A1030BJ[O
Paj00d d1ua30[y
)M BIUOWNdUJ
SIA 120T unf :5od Summoay PAEI0SSY 61AIAOD LYS T8
snrefeg 0L03 81 wog 00T KeN SO SOSIN-INO or JON I pue[ JO jusuneal], EPOLON  -S1
61AIAQD 03 onp dwoIpukg
ssonsiq Azojendsoy
ANOY Ul S[[9D
WQ)S [BWAYOUISIIN
paAL_Q Afjof
SIA 120T KeN :DOA Supmoay S UoMeyM 751°06
BIqQUIO[OD) 08 01 81 yod  0T0T {unf :SOd SOSIN-[M (014 ION I pue] snoudAenU] JO AoeoLIH pue Ajdyes EPOLON 1
(LSTTVEY)
(61AIAO0D) (LSITVAYD)
(4414 UonenSIUIWpY 9D
wo Iop[o 1090390 :D0d [ewong £q QWOIPUAS
-psury pue 610C SOSIAL PayoLIud ssonsi(] Arojendsoy evI‘Ty
payun SIA 91 pog Arenuef :SO0d 29€dD PeALRP DN SL Sunmmay I pue | oYy Jo sreday 0€0LON €I
61dIAOD
jsureSy uono)oId
@@M\wotﬁm 0}
(sOSINPegH) Adesdy], [[0D
w3 ﬁmgﬂoﬁomoz
snogojony
npy RehlielaNe|
P[0 0202 adoy jo Kooy pue
SIS .xﬂ—u< HOQEOODQ D00d QOSST»EM \ﬁowmw oﬁﬂ QE@Q\EOHOQ MMO»OV
payun PIYD wog 00T KeN SO SOSIN-AV 9¢ Aq Surjjorug 1T O} [elL], [eJIUID) V ¢POLON  -CI
aseasid 6[-AIAOD
ur astwordwo))
K1orendsay
T"AOD SUVS
Qo)
uonadwo)
(og Jo o
/3B /AR (SOQ) SUONUIAIIU] (u)azig Joquinu
Knunoy By 1opuaD 1eIS JO dre( 'OR)  d[dwes smels  dseyd SpILApmS  [ELI[EAMID "ON'S

(ponunuod) T 3[qeL,

pringer

Qs



157

Stem Cell Rev and Rep (2021) 17:153-162

H 2]
SIX 020C YoIeN Funinooy -seyd wo)S [BWAYOUISIIN 1091 L
vy (L 03 81 mpog 's0a SOSIN-ON 09 ouoAnpy  Aueg JO SSOULATIAYIY pue Kjojes EYOLON  -€C
61AIAOD sulEsy uonodjoIq
ap1aoid 0} (SOSINPedH) Adetoy], 10D
W) [BWAYOUISIIN
orouedo[y
SAJUAIISOIyg
adoy jo Aoeoryyg pue
npy Ajoyeg oy dUILLISIR( O} [BLL], [EdIUI])
.Hoﬁﬁo ﬁozobnoouonﬁooﬂm
sojelS Jnpy 10T 11dy :D0a uoneIAUL ‘purg-e[qnod SEv'sy
payun PIYD wog 020z Hdy :S0a SOSIN-AV 001  £q Surjorug Il ‘paziwopuey vV EYOLON  -TC
61AIAOD
5:5 muﬁoﬁmm Em QSmme
PI0D) [ESI[IqUI() WK
S[I°D ﬁma\mﬂoﬁowoz
SIA 120T A8 :D0d o1UsZ0[[Y 1LT°99
uredg 08 03 OF wog  020T e :SOd SOSIN-ON 901 Sunmioy Il JO [eu [, [eoru) EYOLON  -IC
npy
1pIo 0202 61AIAOD JO Juduneal], ayy 10§ SOSIPe-gH
soje)g Npy 190100 :D0d Sunmoay o1Ua30[[Y Jo Aprug 68179
payun PIYD wogd  020T ABN :SOA SOSIN-AV 011 10N Il Kjoyeg pue Aoeoryq SYOLON  -0T
Iopjo zeoz udy :Doa
soye)s pue 0202 T-[OOWIRISOUWDY SV €6€°1L
payun SIX 81 wog  ‘o¢ udy :s0d SOSIN 00¢ Sunmiay 111 61AIAOD Ul SDSIN EPOLON  -61
(saav)
QWOIPUAS SSASI
K1orendsay 2oy
paonpuy (6TATAOD)
610€ dsessI(]
SNIIARUOIO)) JO
19p[o 1202 sweI301q uonnjosay
pue Arenigaq :DOA Sunimnioay -uoneuIeuy ut (SDSIA) S[19D YEELL
Aueuon SIA 81 pod  020T AeN :SOA SOSIN-ING o 10N II WJS [EWAYOUSSIA €POLON -8
QWIOIPUAS SSAMSI
0202 (0xg-sDSIN) Aroyendsay ooy
SIA QR :DOA  SOSIA WO PIALISP I PAJR[RI-Z-A0D-SYV'S 10F Aderdy[ [[2D £90°99
uel] 690} g pog 00T [MdY :SOU  SPWOSOXH Pue ‘SOSA 09 Supmidy  pue | Wo)S [WAYDUISIA] EYOLON LI
61dIAQD 0} onp eruOWNUJ
QI0AQS YIIM SjudnRd Ul anss], asodipy
(D0A)
uona[dwio)
(pog Joarg
/3B /AR (SOQ) SUONUIAIIU] (u)azig Joquinu
Knunoy By 1opuaD 1eIS JO dre( 'OR)  d[dwes smels  dseyd SpILApmS  [ELI[EAMID "ON'S

(ponunuod) T 3[qeL,

pringer

Qs



Stem Cell Rev and Rep (2021) 17:153-162

158

0202 rruownaug (AQJU)
‘Bn—EwaQom D0d SIITABUOIO)) [QAOU-G () QY JOJ judujeal],
SIK 0202 (SOSI) S[18D wig §TS'69
euly) G 0} Q] pog  Arenigeq :SOd SOSIN-ON 01 Sunmioy 1l [BWAYIUISIA PaALI_( -(D[]) PIOD) [ed1[Iquif) WOLON  -8T
61AIAOD 03 ssansiq
A1oyendsay ypm
ONON mﬁﬁmﬁmm— mo Hﬂmﬂbmoﬁh oﬁﬂ HO,H m=®U
SIX Jaquade( :DOAd wls EE%:QGOmoE Jo uonenjeAyq 6¢ Tom
ureds ¢/ 0} 8] wog 00T e\ :SOA SOSIN-[M 0¢ Sunmiody I pue | Kjoyeg pue Aoeoryq EYOLON LT
GOE@E«QD >
[ed1URYOIA SuLIMbay uonodur 61AIAOD
SIA 120z dunf :DOd Sunimiody M S)NPY Ul DSJA A103e[pOotounuI| 96L°L6
- 080181 wog 00T dunf :S0d SOSIN-INE St 10N I ypm x I, onnedelsy ], Jo Ao5es oy Jo Apryg €YOLON -9
0202
SIK Tquindas :DOA 61AIAQD JO JudtIedL], ) 10§ S[[2D 8LL'T6
Aymy, 09 01 0f wodg 0z0T 4dv :s0a SOSIN-ON 0¢ Sunmidy I pue | wa)§ JO 3s() [edUI) EYOLON  -ST
Iapjo
soyelS pue 120T K2\ :D0OA 8TL'SS
payun  'sIX Q[ wog 020z Mdv :S0a SOSIN-DN T Sunmiody [ pue | syuaned 61AIAOD 10F SOSIN-DN JO 38 EYOLON  -¥C
7202 610T seasi(q
JoquIdod( :DOAd SNIIABUOIO)) JO BIUOWNAU JO JUSUNBAL] dY) UL S[[dD)
(D0
uonadwo)
(pog Joarq
/3B /AR (SOQ) SUONUIAIIU] (u)azig Joquinu
Knuno) By Iopuon Je)S Jo e remppe)  ojduweg smels aseyd pLL, Apms TeLn [eorur]) ‘ON'S

(ponunuod) T 3[qeL,

pringer

Qs



Stem Cell Rev and Rep (2021) 17:153-162

159

negative for the SARS-CoV-2 nucleic acid test over two
weeks after MSCs infusion. After 6 days of infusion, the ther-
apy inhibited the over-activation of the immune system by
inhibiting CXCR3"CD4" T cells, CXCR3"CD8" T cells,
and CXCR3" NK cells. It also decreased TNF-« and en-
hanced the number of peripheral lymphocytes,
CD14*CD11c¢*CD11°™¢ regulatory DC, and anti-
inflammatory cytokine IL-10. Moreover, the gene expression
profile revealed that MSC was ACE2™° and TMPRSS27¢,
which indicates that the MSCs would not be susceptible to
SARS-CoV2 infection. Finally, the RNA sequencing and
gene expression analysis showed that MSCs were closely in-
volved in the anti-viral pathways, and had anti-inflammatory
trophic activities [6]. In line with above findings, the results
from a case report on COVID19 [16] and a study on influenza
virus HINA [5], which shares complications similar to
COVIDI19 like ARDS and lung failure, demonstrated that
MSCs can offer therapy for virally-induced pulmonary com-
plications in clinical settings. While all these studies have
provided new insights into the protective mechanism of
MSCs during viral infection, a few short comings were no-
ticed in these treatments. For example, similar to study con-
ducted by ADSCC, there is also a lack of information on
MSCs processing and screening before infusion, and the
long-term follow-up of patients etc. For a protocol to be im-
plicated in a larger cohort, optimal information regarding
MSCs as well as patients needs to be investigated in a ratio-
nally designed controlled setting. Concerning the underlying
mechanism by which MSCs exert a beneficial effect, the abil-
ity to home [17], engraft [17] and transdifferentiate into the
target tissue, which is the infected lung in the present case,
besides the bystander effect and immunomodulatory potential
[9, 18, 19], are well documented. Also, the anti-apoptotic,
anti-viral, and anti-bacterial functions of this therapy have
been well known [20]. Under homeostatic conditions, MSCs
are hypo-immunogenic and have immune evasion capabilities
[21], indicating their suitability for allogeneic transplantation.

Despite years of success in MSC research, some of the
challenges faced for successful transplantation therapy include
heterogeneous treatment response, low number, and source-
specific immunomodulatory response [22]. Interestingly, the
reparative effects noticed in vivo indicate that clinical efficacy
depends on the microenvironment of the transplants [23].
Therefore, the therapeutic capability of MSCs can be regulat-
ed and is an attractive area for investigation. However, resting
stage MSCs do not show the above potentials; it is only when
they are exposed to a stimuli milieu, they demonstrate immu-
nomodulatory or homing potentials [24, 25]. This indicates
that the modulatory activity is not constitutively expressed
by MSCs but is determined by the process of ‘priming’ to be
obtained. Therefore, the empowerment of MSCs by priming
before a clinical application may be a potential solution to
overcome the challenges that hinder the effectiveness of

MSC outcomes. Priming, with inflammatory cytokines, is a
process to modulate biological, biochemical or biophysical
features that can influence cell fate [26, 27]. In recent years,
several approaches have been proposed to improve the effec-
tiveness, endurance and therapeutic efficiency of MSCs [28,
29]. Worth mentioning, the approaches utilizing MSCs, and
especially the primed MSCs, could be vital for the success of
cell therapy in lung complications, as the intravenously in-
fused MSCs often get trapped in the lung; however, the reten-
tion time of MSCs within the lung is extremely short [30].
Though, the alteration in holding capacity of lung in a dis-
eased scenario cannot be ruled out. As primed MSCs could
efficiently enhance retention [31], beside intensifying homing
[17], and survival [32] in damaged lung, therefore, activation
via priming could be a crucial mechanism for retention and
engraftment of MSCs in a diseased lung, subsequently pro-
viding benefits to the lung through multiple mechanisms.

Priming perspectives and MSCs robustness are currently
under development. Pre-treating MSCs before injection may
enhance the expression of fitness markers and stimulate great-
er therapeutic outcome. For instance, reports suggest cytokine
mediated activation of MSCs lead to strong immunosuppres-
sive behavior, and thereby attenuation of lung injury in ro-
dents [31, 33], however some contradictory findings are also
available as no effective role of proinflammatory cytokine
priming was observed on MSCs in a model of acute lung
injury and ARDS [34]. Therefore, the effect of cytokine prim-
ing needs to be further verified to prove the efficacy of primed
MSCs in lung anomalies. Besides cytokines, priming of
MSCs by growth factors is also a potent mechanism for
MSC activation before infusion in pulmonary diseases [35].
Likewise, hypoxia preconditioning can also improve the pro-
liferation and therapeutic efficacy of MSCs, as evident in
bleomycin-induced pulmonary fibrosis model [36]. Further,
employing pharmacological agents such as paclitaxel to prime
MSCs could also be helpful in improving lung anomalies [37].
Therefore, in line with above findings it could reasonably by
presume that MSC priming is a significant approach for
treating pulmonary anomalies. In the light of above findings,
herein, we propose that the mechanism of priming of MSC
could be implied to the following: i) Licensing by pro-
inflammatory cytokines such as IFN-y, TNF-«, etc., to en-
hance immunosuppressive potential; ii) Priming by non-
cytokines stimuli such as hormones/growth factors like HGF
to boost defensive and protective cellular mechanisms; iii)
Pre-conditioning by hypoxia, and/or pharmacological agents,
e.g., sphingosine-1-phosphate, etc., to enhance engraftment
and reparative effects; iv) Activation by spheroid culturing
to enhance homing, survival, differentiation, and lineage spec-
ificity e.g. angiogenic mechanism; v) The timing of MSCs
engraftment and engagement in the process of activation of
immune cells to achieve the most excellent beneficial effect of
MSCs infusion.
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Nevertheless, there are several limitations associated with
the priming approaches that may jeopardize MSC based ther-
apies at clinics; hence these challenges must be overcome to
harness the true potential of MSCs. For instance, the priming
of MSCs by proinflammatory cytokines may negatively affect
the MHC class I and class II level; Hormones and/or growth
factors may affect the differentiation capacity of MSCs;
Priming by hypoxia may induce oxidative stress in MSCs;
Growth factors may negatively affect the differentiation ca-
pacity of MSCs; Spheroid cultures owing to the variability in
their size may lead to the necrotic spheroid core, thus, may
interfere with the effectiveness of MSCs after transplantation.
Further, the variations in results due to the heterogeneous

INFLAMMATORY CYTOKINES LPS

HYPOXIA

PRIMED MSCs

ANTI-MICROBIAL

1 l

IMMUNOSUPRESSIVE
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Fig. 1 Schematic of SARS-CoV-2 infecting lung epithelial cells, and
priming approaches to improve MSCs therapeutic efficacy for the treat-
ment of COVIDI19 patients. (a) Represent a few priming approaches
(priming by inflammatory cytokines and LPS, hypoxia pre-conditioning,
(b) Primed MSCs, (¢) SARS-CoV-2 and ‘Primed MSCs’ post-infusion in
the lung, (d) Therapeutic effect exerted by MSCs (immunosuppression,
reparative, angiogenesis, homing, anti-apoptotic, and anti-microbial
activities)
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nature of MSCs [23], and high cost associated with priming
protocols, etc., are the considerable hindrances in the success-
ful translation of primed MSCs to the clinic. For instance, not
all the priming stimulus, even the same stimuli, shows a sim-
ilar effect on the cells. Therefore, the effect of individual li-
censing stimuli should be accessed before being employed at a
manufacturing scale. For example, IFN-y can inhibit T cell
proliferation in the regulation of MSC-mediated immunosup-
pression [38] and can also increase the capacity of MSCs to
produce different subtypes of Tregs [39]. IFN-y can also pro-
mote increased expressions of VCAM-1 and ICAM-1 on the
surface of MSCs [40]. Similarly, the adjustment of MSC in-
fusion timing may reveal the accurate description of inflam-
matory surroundings related to a specific disease [41]. This
may also explain why MSCs do not always exhibit beneficial
effects, even in the same disease. Therefore, it is of great
importance to choose the right stimuli in the right dose at
and for the right timing, besides fitness of MSCs, fresh vs.
cryopreserved, MSCs passage number, and route of delivery
to assure homogenous clinical outcomes (Fig. 1).

To conclude, since its emergence, COVID19 has turned
out to be the top priority of the healthcare system. Although
stem cell treatment has not yet been proven to eliminate coro-
navirus completely, preliminary results are promising, sug-
gesting that the diseased patients, under the treatment, might
be more amenable to survive the infection. The effect of prim-
ing on MSCs’ therapeutic potential has been extensively
researched and continues to be investigated. The results of
such efforts are eagerly anticipated, as these will pave a way
for a strong foundation for future scientific research and clin-
ical applications for a variety of diseases including pulmonary
complications. Finally, bearing in mind the desires for mitiga-
tion of the existing pandemic, the effectiveness of MSCs in
virally infected acute respiratory diseases symptoms, and the
pieces of evidence from priming strategies for MSCs, we hy-
pothesize that endorsing priming may enhance the effective-
ness of MSCs for long-term benefits which is a prerequisite
for the success of stem cell therapy in COVID19 patients.
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