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Abstract  Psoriasis  is  a  chronic  inflammatory  dermatological  disorder  characterized  by  white
scales and  clearly  demarcated  erythematous  plaques.  The  prevalence  of  psoriasis  varies  from
country to  country  and  can  occur  at  any  age,  implying  that  ethnicity,  environmental  factors,  and
genetic background  all  play  a  role  in  its  onset.  According  to  the  World  Psoriasis  Day  Consortium,
125 million  people  globally  and  2%---3%  of  the  overall  community  have  psoriasis.  The  introduc-
tion of  biological  treatments  has  revolutionized  the  treatment  of  moderate  to  severe  psoriasis.
These novel  drugs,  particularly  those  targeting  interleukin  (IL)-17  and  IL-23p19,  can  help  most
patients  with  psoriasis  achieve  clear  or  virtually  clear  skin  with  satisfactory  durability.  Never-
theless, none  of  these  modern  treatments  are  not  entirely  remedial  in  their  current  form,  and
alarmingly,  a  limited  but  growing  proportion  of  patients  with  severe  psoriasis  are  not  responding
satisfactorily  to  currently  available  treatments.  Stem  cell  therapy,  including  regulatory  T-cells,
hematopoietic  stem  cell  transplantation,  and  mesenchymal  stromal  cells,  has  been  used  in
patients with  recalcitrant  psoriasis.  This  review  discusses  the  stem  cell  treatments  available

for psoriasis.
©  2022  Sociedade  Brasileira  de  Dermatologia.  Published  by  Elsevier  España,  S.L.U.  This  is  an
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soriasis  is  a  chronic  autoimmune  dermatological  disease
haracterized  by  scaly  white  or  erythematous  plaques,  with
 predilection  for  the  scalp,  genitalia,  lumbosacral  area,
nd  extensor  surfaces  of  the  limbs.  It  affects  2%---3%  of  the
lobal  population,  namely  about  125  million  individuals

� Study conducted at the Saudi German Hospital and Clinic, Oppo-
ite Burj Al Arab, Dubai, United Arab Emirates.
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Y license (http://creativecommons.org/licenses/by/4.0/).
C  BY  license  (http://creativecommons.org/licenses/by/4.0/).

orldwide.  Psoriasis  affects  people  of  all  ages  but  is
ost  common  in  those  aged  15---25  years  and  can  lead  to
soriasis  arthritis.  It  is  more  common  in  Caucasians  than
n  other  ethnic  groups  and  is  more  frequent  at  greater
atitudes.  Although  psoriasis  is  classified  as  an  autoimmune
isease,  there  is  no  evidence  to  implicate  autoantigens;
onetheless,  there  is  evidence  that  the  disease  has  a
enetic  predisposition.1 Genetic  and  environmental  factors

an  influence  the  age  of  onset  of  psoriasis.  For  example,
he  presence  of  the  Human  Leukocyte  Antigen  (HLA)-C*06
lleles  has  been  linked  to  a  younger  age  of  onset.
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A  range  of  cell  types,  including  keratinocytes,  nat-
ral  killer  T-cells,  plasmacytoid  dendritic  cells,  and
acrophages,  produce  cytokines  that  activate  myeloid  den-
ritic  cells  in  the  early  stages  of  the  pathogenesis  of
soriasis.  DNA-LL37  complexes,  for  example,  induce  plas-
acytoid  dendritic  cells  to  release  Interferon-alpha  (IFN-�),
hich  activates  myeloid  dendritic  cells  that  in  turn  release

nterleukin  (IL)-12  and  IL-23  upon  stimulation.  IL-12  induces
aive  T-cells  to  differentiate  into  TH1  cells.2 Intracellu-
ar  IL-23  signaling  is  mediated  by  Tyk2-Jak2  and  STAT3,
hich  leads  to  the  transcription  of  critical  inflammatory
ediators.  These  cytokines  cause  the  proliferation  of  ker-

tinocytes,  the  release  of  endothelial  adhesion  molecules,
nd  an  increase  in  the  production  of  angiogenic  mediators
nd  immune  cell  infiltration  in  dermal  lesions.2

The  convoluted  interplay  between  the  immunological,
atural,  genetic,  and  epigenetic  elements  that  underpin  the
tiology  of  this  disease  is  still  unclear.  However,  the  advent
f  biological  medicines  that  target  the  critical  immune
athways  involved  in  the  etiopathogenesis  of  psoriasis,
uch  as  IL-17,  IL-23,  and  Tumor  Necrosis  Factor  (TNF),  has
hanged  the  therapeutic  landscape  for  severe  forms  of  pso-
iasis.  Regimens  that  include  these  novel  agents  can  help
atients  with  psoriasis  reduce  their  disease  burden  and
mprove  their  quality  of  life.  On  the  other  hand,  these
argeted  medicines  are  not  completely  curative  and  have
onstraints  such  as  decreased  efficacy  over  time,  possible
evere  adverse  effects,  and  poor  clinical  response  in  some
eople.3 Consequently,  there  is  an  increasing  number  of
soriasis  patients  identified  who  are  refractory  to  systemic
herapies.  Therefore,  there  is  an  urgent  need  for  state-of-
he-art  breakthroughs  in  the  treatment  of  severe  psoriasis
nd  non-pharmaceutical  strategies.

Stem  cell  therapy  entails  using  somatic  cells  derived  from
ither  a  donor  (allogeneic)  or  an  affected  individual  (autol-
gous)  to  treat  the  underlying  disease.  Hematopoietic  Stem
ells  (HSCs)  induced  pluripotent  stem  cells,  Mesenchymal
tem  Cells  (MSCs),  and  regulatory  T-cells  (Tregs)  are  exam-
les  of  somatic  cells  already  used  or  showing  promise  as
tem  cell  therapy  in  psoriasis.  Cardiovascular  disorders,  con-
ective  tissue  diseases,  and  cancer  are  the  three  present
pplications  of  stem  cell  therapy  worldwide,  all  of  which
ave  seen  rapid  clinical  research  and  commercialization
mprovement.  HSC  Transplantation  (HSCT)  has  attracted
ttention  in  terms  of  both  "̈transfer"änd  "c̈ure"öf  psoriasis
fter  research  that  has  focused  primarily  on  musculoskeletal
isease,  systemic  sclerosis,  and  multiple  sclerosis.  However,
here  has  been  little  hypothesis-testing  research  on  HSCT  in
soriasis.  Therefore,  there  appear  to  be  both  grounds  and  an
ncentive  to  investigate  the  use  of  stem  cell  therapy  in  pso-
iasis,  particularly  in  individuals  who  have  failed  to  respond
o  conventional  treatments.  This  review  discusses  the  epi-
emiology,  pathogenesis,  clinical  presentation,  diagnosis,
nd  stem  cell  treatments  for  psoriasis.

ethodology
he  PubMed,  Google  Scholar,  MEDLINE,  Scopus,  and
ochrane  databases  were  electronically  searched  using
ppropriate  key  terms  to  identify  articles  on  stem  cell  ther-
py  as  a  potential  treatment  for  psoriasis.  The  following
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erms  were  combined  to  search  in  MEDLINE  and  PubMed
o  identify  the  literature.  Psoriasis  AND  ‘‘stem  cell  ther-
py’’  OR  ‘‘regulatory  T-cells’’  OR  ‘‘hematopoietic  stem
ell  transplantation’’  OR  ‘‘mesenchymal  stromal  cells’’  OR
‘diagnosis’’)  AND  (‘‘cell  therapy’’  OR  (‘‘psoriasis’’  AND
‘treatments’’)  OR  ‘‘stem  cells’’  OR  (‘‘psoriasis’’  AND  ‘‘cell-
ased’’).  The  initial  literature  search  yielded  11,212  articles
Fig.  1).  Articles  published  between  January  1990  and  July
021  were  reports  that  contained  a description  of  stem
ell  therapy  for  psoriasis  and  were  published  in  English.  No
estrictions  were  imposed  according  to  the  type  of  study
esign.

tem cell therapy in psoriasis

egulatory  T-cells

regs  regulate  or  suppress  other  immunocytes  by  mod-
lating  their  responses  to  the  endogenous  environment
nd  antigens,  thereby  helping  to  avoid  autoimmunity  and
hronic  inflammation.  These  functions  are  accomplished
ia  inhibitory  cytokines,  such  as  IL-10,  metabolism  inter-
erence,  modification  of  the  maturation  or  functioning  of
endritic  cells,  binding  of  lymphocyte-activation  gene  3  to
HC  class  II  molecules,  and  cytolysis  (through  granzyme  A/B
nd  perforin).4

Many  treatments  for  psoriasis  appear  to  boost  the
umbers  of  Tregs  and  their  performance  in  patients  with  pso-
iasis.  Anti-TNF  therapy  (particularly  etanercept)  increases
regs  and  decreases  the  expression  of  IL-6  and  IL-22.5

ncreased  numbers  of  Tregs  may  be  associated  with  improved
linical  outcomes,  and  infliximab  stimulates  a  more  diver-
ent  TCR  repertoire.6 In  one  study,  TNF  blockade  was  found
o  increase  the  release  of  pro-inflammatory  cytokines  and
h17  activity  and  decrease  numbers  of  Tregs  and  expression
f  Foxp3,  resulting  in  worsening  of  the  disease.7

Several  biologics,  including  anti-IL-23  (p40-specific
stekinumab  and  p19-specific  guselkumab)  and  anti-IL-17A
secukinumab),  has  been  approved  to  treat  psoriasis.  There
s  other  anti-IL  23  (risankizumab,  guselkumab,  briakinumab,
ildrakizumab)  and  anti-IL17  (ixekizumab  and  brodalumab)
pproved  and  in  the  market.8 Anti-IL-17A  and  anti-IL-23  have
een  shown  to  enhance  Foxp3+  cells.  Therefore,  anti-IL-17
reatment  in  psoriasis  may  restore  a  healthy  Th17/Treg  bal-
nce  and  thus  reduce  inflammation  and  ameliorate  disease.
n  a  recent  Phase  I---IIa  trial,  low-dose  IL-2  was  administered
o  patients  with  various  autoimmune  diseases.  Patients  with
soriasis  showed  increased  Treg  frequencies  and  improved
ody  surface  area  and  PASI  scores.9 Therefore,  a  combina-
ion  of  low-dose  IL-2  medication  with  a  regimen  that  restores
he  functions  of  Tregs,  e.g.,  phototherapy  or  sotrastaurin,  is

 promising  therapeutic  approach  in  psoriasis.
The  stability  and  functionality  of  the  Treg  lineage  depend

n  epigenetic  programming.  Histone  Deacetylase  (HDAC-
)  is  expressed  in  the  tissues  of  people  with  psoriasis.
richostatin-A,  which  inhibits  the  HDAC  protein,  has  been
ound  to  shift  Tregs  towards  an  IL-17  phenotype.10 This  find-

ng  suggests  that  HDAC  inhibitors  may  also  be  beneficial
n  the  treatment  of  psoriasis.  By  resetting  the  Th17/Treg
atio  and  decreasing  the  number  of  subsets  of  inflamma-
ory  T-cells,  Treg-based  cell  therapies  may  have  the  ability
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Figure  1  P

o  interfere  with  the  pathogenesis  of  psoriasis  despite  their
igh  cost  and  hazards.11

esenchymal  stem  cells

SCs  are  a  type  of  pluripotent  cell  found  in  tissues  of  mes-
nchymal  origin  and  are  responsible  for  tissue  regeneration.
he  role  of  MSCs  in  the  pathogenesis  of  psoriasis  is  shown  in
ig.  2.  MSCs  are  distinguished  by  specific  surface  indicators
nd  their  ability  to  adhere  to  plastic  substrates  and  develop
nto  adipocytes,  osteocytes,  and  chondrocytes  in  vitro.  MSCs
onsist  of  various  types  of  cells,  and  the  most  well-known
re  bone  marrow-derived  stromal  stem  cells.  Other  MSCs
nclude  umbilical  cord  MSCs,  adipose-derived  stem  cells,  and
mniotic  fluid  stem  cells,  which  are  found  in  the  stromal
ascular  fraction  of  adipose  tissue.  MSCs  are  being  studied
ot  only  for  their  ability  to  regenerate  cells  but  also  for
heir  immunomodulatory  properties,  given  that  they  appear
o  modulate  the  release  of  lymphocyte-derived  cytokines
irectly.12 According  to  a  recent  study,  MSCs  from  the  skin

f  patients  with  psoriasis  show  low  differentiation  capacity,
ow  immunoregulatory  function,  and  high  HLA-I  expression
evels.13 In  psoriatic  skin,  inhibition  of  lymphocytes  appears
o  be  impaired,  likely  because  of  the  abnormal  dermal  MSCs,

l
E

M

47
 flow  chart.

hich  result  in  abnormal  cytokine  secretion  through  circular
NA.14 Furthermore,  MSCs  from  psoriatic  plaques  have  been
hown  to  stimulate  the  growth  of  keratinocytes,  leading  to
pidermal  thickening.15

Several  studies  have  reported  that  MSCs  play  a  significant
ole  in  determining  the  pleiotropic  effects  of  biological  ther-
py  on  keratinocytes  and  T-cells.  According  to  Campanati
t  al.,  TNF-� inhibitors  affect  cutaneous  MSCs,  the  cells  most
ikely  to  be  implicated  in  psoriasis.16 Several  recent  studies
ave  investigated  the  use  of  MSCs  as  a  possible  therapeutic
ption  for  psoriasis  (Table  1).17---25

MSCs  play  a  role  in  innate  and  adaptive  immunity
n  terms  of  immunomodulation.  Their  immune-enhancing
ctivities  are  performed  via  synergy  with  immune  cells,
ncluding  neutrophils,  dendritic  cells,  monocytes,  natural
iller  cells,  macrophages,  B-cells,  and  T-cells  via  cell-to-cell
ncounters  and  paracrine  activity.26 Several  growth  factors,
hemokines,  and  cytokines  are  found  in  the  MSC  secre-
ome,  enveloped  in  extracellular  vesicles;  these  include
itric  oxide,  indoleamine-pyrrole  2.3-dioxygenase,  fibrob-

asts,  and  hepatocyte  growth  factors,  IFN-γ, prostaglandin
2,  TNF-�, and  transforming  growth  factor-�1.27

Most  of  the  favorable  evidence  concerning  the  use  of
SCs  in  psoriasis  comes  from  Phase  I  or  II  studies.  To  date,

3
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Figure  2  Role  of  mesenchymal  stem  cells  in  the  pathogenesis  of  psoriasis.

Table  1  Studies  of  mesenchymal  stem  cells  as  a  curative  treatment  for  psoriasis.

Study  number Author(s)  Type  of  MSCs  Study  type  Publication  type

1  Owczarczyk-
Saczonek
et  al.17

Bone  marrow  and
umbilical  cord  MSCs

Preclinical,  clinical  Review

2 Lee  et  al.18 Umbilical  cord  MSCs  Preclinical  Original  research
3 Kim  et  al.19 Tonsil-derived  MSCs  Preclinical  Original  research
5 Campanati

et  al.20
Dermal  MSCs  Preclinical  Original  research

7 Kim  et  al.21 Embryonic  stem  cell
derived  MSCs

Preclinical  Original  research

8 Imai  et  al.22 Amniotic  fluid  stem  cells  Preclinical  Letter
9 Chen  et  al.23 Umbilical  cord  MSCs  Preclinical  Original  research
10 Wang  et  al.24 Allogeneic  gingival  MSCs  Clinical  Case  report
11 Chang  et  al.25 Human  dermal  derived

MSCs
Clinical  Original  article
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T
and  leukemia  and  other  autoimmune  illnesses,  including  sys-
temic  lupus  erythematosus,  diabetes,  rheumatoid  arthritis,
and  multiple  sclerosis,  prompted  investigations  of  HSCT  in
MSCs, Mesenchymal Stem Cells.

here  has  been  no  significant  toxicity.  However,  more  exten-
ive  controlled  trials  are  needed  to  determine  this  treatment
trategy’s  efficacy  and  long-term  safety.  Despite  the  grow-
ng  body  of  knowledge  and  experience  with  MSCs  in  the
linical  setting,  cell  dose  and  constancy  differ  between  the
rials  reported  to  date,  and  the  best  regimen  has  yet  to  be

dentified. p

47
ematopoietic  stem  cells

he  favorable  effects  of  HSCT  in  patients  with  lymphoma
atients  with  psoriasis.28---30 In  the  last  25-years,  extended
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Table  2  Studies  of  remission  of  psoriasis  after  HSC  transplantation.

Study  number  Author(s)  Indication  Type  of  HSCT  Remission  of
psoriasis

1  Kishimoto33 Acute  myeloid  leukemia  Allogeneic  Two  years  of
follow-up

2 Kaffenberger
et  al.32

Chronic  myeloid
leukemia

Allogeneic  NST  Two  years  of
follow-up

3 Kanamori  et  al.34 Chronic  myeloid
leukemia

Allogeneic  BMT  2.5-years  of
follow-up

4 Mohren  et  al.35 Psoriatic  arthritis  PBSCT  16-months
5 Woods  and  Mant29 Aplastic  anemia Allogeneic  HSCT 12-months
6 Rossi  et  al.36 Acute  aplastic  anemia Allogeneic  BMT Ten  years  of

follow-up
7 Braiteh  et  al.37 Multiple  myeloma  Autologous  HSCT  >2  years  of

follow-up
8 Held  et  al.38 ’Ewing’s  sarcoma  Autologous  stem

cell
transplantation

15-months  of
follow-up

9 Mori  et  al.39 Myelodysplastic
syndrome

Allogeneic  BMT Eight  months  of
follow-up

10 Chen  et  al.40 Immunoglobulin  light
chain  amyloidosis  and
psoriasis

Autologous  HSCT  Follow-up  for
more  than  7-years

11 Ugur  and  Gediz41 Psoriasis  and  multiple
myeloma

Autologous  stem
cell
transplantation

18-months  of
follow-up
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BMT, Bone Marrow Tansplant; HSCT, Hematopoietic Stem Cell Tran
tion; PBSCT, Peripheral Blood Stem Cell Transplantation.

emission  of  psoriasis  has  been  documented  in  more  than
0  patients  who  have  undergone  Bone  Marrow  Transplanta-
ion  (BMT).31,32 However,  a  small  number  of  patients  have
eveloped  psoriasis  after  receiving  an  allogeneic  BMT  or  a
lood  transfusion  from  a  donor  with  psoriasis.31 Details  of
he  studies  that  have  demonstrated  remission  of  psoriasis
fter  autologous  HSCT  are  shown  in  Table  2.33---41

According  to  the  pathogenesis  of  psoriasis,  T-cells  can
rovoke  the  development  of  changes  after  a  blood  transfu-
ion,  but  peripheral  T-cells  have  a  relatively  short  lifetime.
melioration  of  psoriasis  has  been  documented  in  patients
ho  have  undergone  allogeneic  (rather  than  autologous)
SCT,  suggesting  that  hematopoietic  stem  cells  could  be
he  primary  cause  of  the  disease.31,42 Mori  et  al.  described
he  case  of  a  54-year-old  male  patient  with  a  10-year  his-
ory  of  psoriasis  who  was  treated  with  an  allogeneic  bone
arrow  transplant  with  preceding  myeloablation  with  busul-

an  and  cyclophosphamide  because  of  a  myelodysplastic
yndrome,  who  achieved  complete  remission  of  psoria-
is,  which  remained  throughout  the  8-month  follow-up.39

he  authors  of  that  report  stressed  the  need  to  elimi-
ate  autoreactive  cells  during  allogeneic  BMT  and  treatment
ith  immunosuppressive  medication  to  maintain  remission.
imilarly,  Adkins  et  al.  reported  on  a  55-year-old  woman
ith  refractory  psoriasis  and  chronic  myeloid  leukemia  who

eceived  an  allogeneic  BMT  and  achieved  complete  remis-
28
ion  of  her  psoriasis, although  the  drugs  used  to  prepare

he  patient  for  transplant  (cyclophosphamide  and  busulfan)
ould  have  contributed  to  the  rapid  remission  of  psoriasis  in
his  patient.  Zurita  et  al.  presented  the  findings  of  a  trial

u
r
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47
tation; NST, Nonmyeloablative allogeneic Stem cell Transplanta-

hat  compared  the  effects  of  autologous  HSCT  (n  =  30)  with
VA  photochemotherapy  (n  =  19)  in  patients  with  severe  pso-
iasis.  After  obtaining  bone  marrow  from  the  iliac  crest  and
solating  the  CD34+  fraction,  autologous  cells  were  admin-
stered  intravenously  as  a  single  dose.30 The  therapeutic
ffects  were  controlled  for  up  to  six  months  and  compared
ith  the  effects  of  Photochemotherapy  UVA  (PUVA).  PASI75

eached  a statistically  significant  level  in  the  group  treated
ith  stem  cells,  but  no  significant  difference  was  observed
ompared  to  the  effects  of  PUVA.30

dvantages  of  stem  cell  therapy  for  psoriasis

he  discovery  of  stem  cell  therapy  as  a  feasible  alternative
reatment  for  refractory  psoriasis  has  been  serendipitous.
edy  et  al.  described  a  35-year-old  man  who  received
llogeneic  HSCs  from  his  unaffected  brother  to  treat
cute  myelomonocytic  leukemia  and  was  cured  of  severe,
ntractable  psoriasis.  The  recipient  was  still  clear  of  pso-
iasis  five  years  after  the  transplant.43 The  mechanisms
nderlying  the  effectiveness  of  allogeneic  HSCT  in  psoria-
is  are  still  unknown.  The  immunosuppressive  medications
nd  immune  ablation  required  for  surgery  are  thought  to
ecrease  the  number  of  autoreactive  T-cells.  The  immune
ystem  is  rebuilt  with  potentially  non-reactive  T-cell  pop-

lations  from  donors  who  do  not  have  psoriasis.  A  durable
emission  of  psoriasis  (for  up  to  20-years)  has  been  reported
n  people  who  have  undergone  allogeneic  HSCT  rather  than
utologous  HSCT.32
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In  a  contrasting  report,  "̈transfer"öf  psoriasis  was  docu-
ented  in  a  40-year-old  man  with  acute  myeloid  leukemia
ho  received  a  syngeneic  HSCT  from  his  phenotypically  iden-

ical  twin  brother  with  a  20-year  history  of  severe  psoriasis
nd  psoriatic  arthritis.44 The  recipient  sibling  developed
ntractable  psoriasis  within  ten  days  of  the  graft.  Even  after

 second  donation  from  the  same  donor,  his  condition  contin-
ed  with  the  onset  of  psoriatic  arthritis.  This  case  suggests
hat  adoptive  transfer  can  be  used  to  transmit  the  cellu-
ar  features  of  psoriasis.  On  the  other  hand,  autologous
SCT  does  not  fully  alleviate  psoriasis;  relapses  are  common
nd  can  occur  up  to  10-years  after  transplantation.  In  one
tudy,  five  of  11  patients  with  psoriasis  who  received  autol-
gous  HSCT  relapsed  within  two  years,  and  one  relapsed
3-years  later.45 However,  even  when  psoriasis  recurs,  it  fol-
ows  a  more  benign  course  than  before  the  transplant.  The
yeloablative  and  lymphoablative  effects  of  precondition-

ng  and  delayed  immune  reconstitution  after  transplantation
re  all  factors  to  consider  and  are  thought  to  be  responsible
or  the  remission  of  psoriasis  after  autologous  HSCT. 37

Chen  et  al.  explored  the  mechanism  of  action  of  umbili-
al  cord-MSCs  for  psoriasis  using  the  imiquimod  mouse  model
nd  infusion  of  human  umbilical  cord-MSCs;  this  MSC  sig-
ificantly  reduced  psoriasis  severity.46 Less  generation  of
ype  I  IFN  by  plasmacytoid  dendritic  cells  was  a  signifi-
ant  characteristic  of  the  response.  Finally,  Wang  et  al.
sed  five  infusions  of  allogeneic  gingival  MSCs,  which  have
mmunomodulatory  and  anti-inflammatory  effects,  to  treat

 19-year-old  man  with  severe  plaque  psoriasis  that  was
ecalcitrant  to  systemic  regimens.  The  patient’s  psoriasis
leared  after  the  sixth  infusion,  and  the  patient  remained
soriasis-free  three  years  later.24

onclusion

soriasis  is  an  inflammatory  skin  disease  associated  with
everal  comorbidities  that  have  a  significant  impact  on  qual-
ty  of  life.  The  application  of  stem  cells  raises  hopes  for
eveloping  a  new,  safe,  and  effective  therapy  for  psoriatic
atients.  Cell  therapy  in  the  form  of  MSCs  may  offer  an
ttractive  and  safer  option  in  psoriasis.  Despite  more  data
till  being  needed,  MSCs  could  be  a  promising  therapy  for
soriasis.

inancial support

one  declared.

uthor’s contributions

iyu  Parth  Naik:  Conceptualization,  methodology,  study
onception  &  planning,  critical  literature  review,  prepara-
ion  and  writing  of  the  manuscript,  writing-original  draft,
riting-review  &  editing,  approval  of  the  final  version  of

he  manuscript.
onflicts of interest

one  declared.
1

47
ik

cknowledgments

he  author  thanks  Dr.  Parth  Naik  for  his  efforts  in  the  compi-
ation  of  information.

eferences

1. Rapalli VK, Waghule T, Gorantla S, Dubey SK, Saha RN, Singhvi
G. Psoriasis: pathological mechanisms, current pharmacologi-
cal therapies, and emerging drug delivery systems. Drug Discov
Today. 2020;25:2212---26.

2. Alwan W,  Nestle FO. Pathogenesis and treatment of psoriasis:
exploiting pathophysiological pathways for precision medicine.
Clin Exp Rheumatol. 2015;33:S2---6.

3. Iskandar IYK, Warren RB, Lunt M, Mason KJ, Evans I, McElhone K,
et al. Differential Drug Survival of Second-Line Biologic Thera-
pies in Patients with Psoriasis: Observational Cohort Study from
the British Association of Dermatologists Biologic Interventions
Register (BADBIR). J Invest Dermatol. 2018;138:775---84.

4. Nussbaum L, Chen YL, Ogg GS. Role of regulatory T cells
in psoriasis pathogenesis and treatment. Br J Dermatol.
2021;184:14---24.

5. Cordiali-Fei P, Bianchi L, Bonifati C, Trento E, Ruzzetti M,
Francesconi F, et al. Immunologic Biomarkers for Clinical
and Therapeutic Management of Psoriasis. Mediators Inflamm.
2014;2014:236060.

6. Diluvio L, Romiti ML, Angelini F, Campione E, Rossi P, Prinz
JC, et al. Infliximab therapy induces increased polyclonality
of CD4+ CD25+ regulatory T cells in psoriasis. Br J Dermatol.
2010;162:895---7.

7. Ma HL, Napierata L, Stedman N, Benoit S, Collins M, Nickerson-
Nutter C, et al. Tumor necrosis factor blockade exacerbates
murine psoriasis like disease by enhancing Th17 function and
decreasing expansion of Treg cells. Arthritis Rheum Off J Am
Coll Rheumatol. 2010;62:430---40.

8. Campa M, Mansouri B, Warren R, Menter A. A Review of Biologic
Therapies Targeting IL-23 and IL-17 for Use in Moderate-to-
Severe Plaque Psoriasis. Dermatol Ther (Heidelb). 2016;6:1---12.

9. Rosenzwajg M, Lorenzon R, Cacoub P, Pham HP, Pitoiset F,
Soufi KE, et al. Immunological and clinical effects of low-dose
interleukin-2 across 11 autoimmune diseases in a single, open
clinical trial. Ann Rheum Dis. 2019;78:209---17.

0. Bovenschen HJ, Kerkhof PC, Erp PE, Woestenenk R, Joosten I,
HJPM Koenen. Foxp3+ Regulatory T Cells of Psoriasis Patients
Easily Differentiate into IL-17A-Producing Cells and Are Found
in Lesional Skin. J Invest Dermatol. 2011;131:1853---60.

1. Bluestone JA, Tang Q. T reg cells --- the next frontier of cell
therapy. Science. 2018;362:154---5.

2. Zhao Q, Ren H, Han Z. Mesenchymal stem cells: Immunomod-
ulatory capability and clinical potential in immune diseases. J
Cell Immunother. 2016;2:3---20.

3. Castro-Manrreza ME, Bonifaz L, Castro-Escamilla O, Monroy-
García A, Cortés-Morales A, Hernández-Estévez E, et al.
Mesenchymal Stromal Cells from the Epidermis and Dermis of
Psoriasis Patients: Morphology, Immunophenotype, Differentia-
tion Patterns, and Regulation of T Cell Proliferation. Stem Cells
Int. 2019;2019:4541797.

4. Liu R, Wang Q, Chang W, Zhou L, Li J, Zhang K. Characterisation
of the circular RNA landscape in mesenchymal stem cells from
psoriatic skin lesions. Eur J Dermatology. 2019;29:29---38.

5. Liu RF, Wang F, Wang Q, Zhao XC, Zhang KM. Research Note
Mesenchymal stem cells from skin lesions of psoriasis patients

promote proliferation and inhibit apoptosis of HaCaT cells.
Genet Mol Res. 2015;14:17758---67.

6. Campanati A, Orciani M, Lazzarini R, Ganzetti G, Consales V,
Sorgentoni G, et al. TNF inhibitors reduce the pathological Th1-

6

http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0005
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0010
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0015
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0020
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0025
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0030
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0035
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0040
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0045
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0050
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0055
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0060
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0065
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0070
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0075
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080
http://refhub.elsevier.com/S0365-0596(22)00077-0/sbref0080


atolo

1

1

1

2

2

2

2

2

2

2

2

2

2

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

46. Chen M, Peng J, Xie Q, Xiao N, Su X, Mei H, et al. Mesenchymal
Anais  Brasileiros  de  Derm

Th17/Th2 imbalance in cutaneous mesenchymal stem cells of
psoriasis patients. Exp Dermatol. 2017;26:319---24.

7. Owczarczyk-Saczonek A, Krajewska-Włodarczyk M, Kruszewska
A, Placek W,  Maksymowicz W,  Wojtkiewicz J. Stem cells as
potential candidates for psoriasis cell-replacement therapy. Int
J Mol Sci. 2017;18:2182.

8. Lee YS, Sah SK, Lee JH, Seo KW, Kang KS, Kim TY. Human
umbilical cord blood-derived mesenchymal stem cells amelio-
rate psoriasis-like skin inflammation in mice. Biochem Biophys
reports. 2017;9:281---8.

9. Kim JY, Park M, Kim YH, Ryu KH, Lee KH, Cho KA, et al. Tonsil
derived mesenchymal stem cells (T MSCs) prevent Th17 medi-
ated autoimmune response via regulation of the programmed
death 1/programmed death ligand 1 (PD 1/PD L1) pathway. J
Tissue Eng Regen Med. 2018;12:e1022---33.

0. Campanati A, Orciani M, Sorgentoni G, Consales V, Belmonte
MM, Primio RD, et al. Indirect co cultures of healthy mes-
enchymal stem cells restore the physiological phenotypical
profile of psoriatic mesenchymal stem cells. Clin Exp Immunol.
2018;193:234---40.

1. Kim CH, Lim CY, Lee JH, Kim KC, Ahn JY, Lee EJ. Human embry-
onic stem cells-derived mesenchymal stem cells reduce the
symptom of psoriasis in imiquimod-induced skin model. Tissue
Eng Regen Med. 2019;16:93---102.

2. Imai Y, Yamahara K, Hamada A, Fujimori Y, Yamanishi K.
Human amnion derived mesenchymal stem cells ameliorate
imiquimod induced psoriasiform dermatitis in mice. J Dermatol.
2019;46:276---8.

3. Chen M, Peng J, Xie Q, Xiao N, Su N, Mei H, et al. Mesenchymal
stem cells alleviate moderate-to-severe psoriasis by reducing
the production of type I interferon (IFN-I) by plasmacytoid den-
dritic cells (pDCs). Stem Cells Int. 2019;2019:6961052.

4. Wang SG, Hsu NC, Wang SM, Wang FN. Successful Treatment
of Plaque Psoriasis with Allogeneic Gingival Mesenchy-
mal Stem Cells: A Case Study. Case Rep Dermatol Med.
2020;2020:4617520.

5. Chang W, Liang N, Cao Y, Xing J, Ji Li, Ju Li, et al. The effects
of human dermal---derived mesenchymal stem cells on the ker-
atinocyte proliferation and apoptosis in psoriasis. Exp Dermatol.
2021;30:943---50.

6. Song N, Scholtemeijer M, Shah K. Mesenchymal Stem Cell
Immunomodulation: Mechanisms and Therapeutic Potential.
Trends Pharmacol Sci. 2020;41:653---64.

7. Ferreira JR, Teixeira GQ, Santos SG, Barbosa MA, Almeida-
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