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Abstract The relevance of the microenvironment in the initiation, promotion, and progres-

sion of cancer has been postulated. Mesenchymal stem cells (MSCs) have been identified as

important components of the tumor stroma, which are capable of affecting the development of

cancer through various mechanisms. In particular, MSCs immunosuppressive properties play an

important role. It has been shown that bone marrow-derived and other healthy tissues-derived

MSCs are capable of regulating the immune response by affecting the activation, maturation,

proliferation, differentiation, and effector function of cells of the immune system, such as

neutrophils, macrophages, dendritic cells, natural killer cells (NK) and T-lymphocytes. Similar

mechanisms have been identified in MSCs associated with different types of tumors, where

they generate an immunosuppressive microenvironment by decreasing the cytotoxic activity

of T-lymphocytes and NK cells, skew macrophage differentiation towards an M2 phenotype,

and decrease the secretion of Th1-type cytokines. Also, the cytokines, chemokines, and fac-

tors secreted by the transformed cells or other cells from the tumor stroma are capable of

modulating the functions of MSCs.

© 2016 Published by Masson Doyma México S.A. on behalf of Hospital Infantil de México Federico

Gómez. This is an open access article under the CC BY-NC-ND license (http://creativecommons.

org/licenses/by-nc-nd/4.0/).

PALABRAS CLAVE
Células troncales
mesenquimales;
Cáncer;
Inmunosupresión;
Microambiente
tumoral

Participación de las células troncales mesenquimales en la regulación de la respuesta

inmune y el desarrollo de cáncer

Resumen Se ha postulado la relevancia del microambiente en la iniciación, promoción y pro-

gresión del cáncer. Las células troncales mesenquimales (MSC, del inglés mesenchymal stem

cells) se han identificado como un componente fundamental del estroma tumoral. Estas son

capaces de favorecer el desarrollo del cáncer mediante varios mecanismos. En particular, sus

propiedades inmunosupresoras juegan un papel importante. Se ha demostrado que las MSC
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de  médula  ósea  y  otros tejidos  sanos  son  capaces  de  regular  la  respuesta  inmune  al  afectar

la activación,  maduración,  proliferación,  diferenciación  y  función  efectora  de las  células  del

sistema inmune,  como  neutrófilos,  macrófagos,  células  dendríticas,  células  NK  y  linfocitos  T.

Mecanismos similares  se  han  identificado  en  las  MSC  asociadas  con  diferentes  tipos  de tumores,

donde estas  se  encargan  de generar  un  microambiente  inmunosupresor  al  disminuir  la  actividad

citotóxica de  linfocitos  T  y  células  NK,  polarizar  a  los macrófagos  hacia  un fenotipo  M2, y

disminuir  el  patrón  de secreción  de citocinas  tipo Th1.  Asimismo,  las  citocinas,  quimiocinas

y factores  secretados  por  las  células  transformadas  u  otras  células  del  estroma  tumoral  son

capaces de  modular  las  funciones  de las  MSC.

© 2016  Publicado  por  Masson  Doyma  México  S.A.  en  nombre  de Hospital  Infantil  de  México

Federico  Gómez.  Este  es  un  art́ıculo  Open  Access  bajo  la  licencia  CC BY-NC-ND  (http://

creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Despite  the  efforts  in the  development  of  new  strate-
gies  against  cancer,  many  cases  remain  unresponsive  to
chemotherapy,  radiotherapy  and  immunotherapy  treat-
ments,  whose  main  target  are the neoplastic  cells;  however,
several  studies  have evidenced  the importance  of  the tumor
microenvironment  in  the initiation,  promotion,  and  progres-
sion  of  cancer.  The  tumor  microenvironment  has  several
components,  such  as transformed  cells,  leukocytes,  fibro-
blasts,  endothelial  cells,  pericytes  and  mesenchymal  stem
cells  (MSCs).  These  cells  are responsible  for  the secretion
of  cytokines,  chemokines,  peptides,  metalloproteases  and
components  of  the extracellular  matrix,  which  altogether
contribute  to  the  generation  of  a  permissive  microenviron-
ment  for  the  development  of neoplasia.1

In this  context,  the interaction  between  transformed
cells  and  tumor  stromal  cells  occurs  through  cell-cell  contact
and  secreted  factors,  which  act in  an autocrine  and  a
paracrine  form.  It  has  been  shown  that  in response  to  sig-
nals  generated  by  transformed  cells,  cellular  components
of  the  tumor  stroma  can  proliferate,  differentiate,  migrate,
secrete  cytokines,  chemokines  and  growth  factors,  remodel
the  extracellular  matrix,  induce  angiogenesis,  and  recruit
cells  of  the  immune  system.  These  are  important  processes
that  favor  the  progression  of  cancer.

Inflammation  plays  a key  role  in all  stages  of  cancer
development.  Due  to  their  persistence,  the areas  where  a
tumor  develops  are  considered  as  wounds  that  do  not  heal.
They  are  characterized  by the  presence  of immune  cells,
such  as dendritic  cells  (DC),  macrophages,  neutrophils,
eosinophils,  T-lymphocytes,  and natural  killer  cells  (NK); as
well  as  cytokines,  such as  tumor  necrosis  factor-� (TNF-�),
interferon-� (IFN-�), interleukin-6  (IL-6),  interleukin-8  (IL-
8),  interleukin-1  (IL-1),  and  transforming  growth  factor-�
(TGF-�).  It  has  been  shown  that  the  inflammatory  tumor
microenvironment  favors  the migration  of  MSCs  to  these
sites,2---5 where  they  stimulate  the development  of the  tumor
through  the  following  mechanisms:

1.  MSCs  are  precursors  of  approximately  20% of  the  tumor-
associated  fibroblasts  (TAFs),  which  express  �-smooth
muscle  actin  (�SMA).2 The  exposure  of  bone  marrow
or  adipose  tissue-derived  MSCs  to  tumor  cells  pro-
duced  factors  such  as  TNF�  and  IL-1�, induce  their

differentiation  towards  TAFs,3,6 capable  of secreting  pro-
inflammatory  chemokines  (CCL2/MCP-1,  CXCL8/IL-8,  and
CCL5/RANTES)  that stimulate  the development  of  the
tumor.7

2. MSCs  promote  angiogenesis:  pro-inflammatory  cytokines
like  IFN�  and  TNF�, normally  expressed  in the tumor
microenvironment,  activate  MSCs  to  express  the hypoxia-
inducible  factor  1-alpha  (HIF1�),  and  secrete  high
amounts  of  vascular  endothelial  growth  factor  (VEGF).8,9

3. MSCs  secrete  trophic  factors  promote  chemoresistance10

and  the  maintenance  of  tumor-initiated  cells.11,12

4. MSCs  stimulate  the epithelium-mesenchyme  transition,
the  invasion  and  metastasis  of  tumor  cells  through  the
secretion  of  CXCL12/SDF-1,  CCL1,  CCL8/IL-8,  IL-6  and
prostaglandin  E2  (PGE2).3,13 In  carcinoma  cells,  MSCs
decrease  the expression  of  the  epithelial  marker  E-
cadherin  and induce  the  expression  of  mesenchymal
markers  such  as  fibronectin  and  vimentin,  as  well  as  the
transcription  factor  snail.13 In addition,  it  has been shown
that  MSCs-secreted  TGF-� participates  in the  migration
of  breast  cancer  cells.14

5. MSCs  are capable  of  regulating  the immune  response.

In  this  review,  we  focused  on  the  analysis  of  the immuno-
suppressive  capacity  of  MSCs  and  the  effect  of  this  feature
in  the  development  of  a  tumor.

2. Mesenchymal  stem cells

MSCs are adult pluripotent  stem  cells  originally  isolated  from
bone  marrow  (BM).15 Currently,  their  isolation  from  different
tissues  have been  achieved,  but  until  now  an  MSCs  marker
has  not  been  defined.  Therefore,  the  International  Society
of  Cell  Therapy  has established  a series  of guidelines  to
define  these  cells. It is  necessary  that MSCs  show  the  fol-
lowing  characteristics:  positive  expression  of CD105,  CD73,
CD90;  low levels  of  HLA-I  and  negative  for  HLA-II,  CD11b,
CD14,  CD34,  CD45,  and  CD31;  likewise,  these  cells  must
possess  adipogenic,  osteogenic  and  chondrogenic  differen-
tiation  capacity.16,17

3.  Immunosuppressive properties of MSCs

Immunosuppressive  properties  of  MSCs have  been  demon-
strated  using  different  in  vitro and in vivo  study  models.
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MSCs  can  regulate  the  function  of  innate  immune  sys-
tem  cells  (neutrophils,  macrophages,  and  NK  cells)  and
adaptive  immune  system  cells  (DCs,  B  lymphocytes,  and
T-lymphocytes).  During  the  regulation  of  the immune
response,  MSCs use  mechanisms  that  involve  cell  contact
and  secretion  of  different  molecules.18---24 Early  studies  have
focused  on  the  study  of  the immunosuppressive  mechanisms
of  the  bone  marrow-derived  MSCs  (BM-MSCs).  However,  sev-
eral  laboratories  are  currently  investigating  this property  in
other  healthy  tissues  and  tumor-derived  MSCs.  First,  we  will
describe  the mechanisms  of  immunosuppression  exerted  by
MSCs  from  healthy  tissues;  then  we  will  focus  on  the mech-
anisms  found  in tumor-derived  MSCs.

3.1. Mechanisms  of immunosuppression  exerted
by MSCs

The  information  generated  so far  has  made  it possible  to
propose  a  model  in which  MSCs  present  in  tissues  appear
to  be  in  a  steady  state,  with  minimal  or  absent  immunoregu-
latory  molecules  expression;  however,  upon  an inflammatory
environment,  MSCs  become  activated,  and  the expression
of immunosuppressive  molecules  is  induced  or increased.
It  has  been  shown  that  IFN� alone  or  in combination  with
TNF-�, IL-1�, IL-1�  or  IL-17  is  the  main  cytokine  involved  in
this  process.20,22,25 Moreover,  IFN�  induces  the  expression  of
molecules  on  the membrane  of  MSCs,  such  as  the intercel-
lular  adhesion  molecule  1  (ICMA-1),  vascular  cell  adhesion
molecule  1 (VCAM-I),  programmed  death-ligand  1  (PD-L1),
Jagged-1  and  2,  and human  leukocyte  antigen  G1  (HLA-
G1).  These  molecules  are involved  in the regulation  of  the
immune  response.

IFN�  induces  increased  expression  of  ICAM-1/CD54  and
VCAM-I/CD106  in MSCs.26 Both  molecules  are important  in
the recruitment  of  leukocytes  to  sites  of  inflammation  and
allow  high-affinity  interaction  between  MSCs  and  immune
cells.  When  VCAM-I  and  ICAM-I  are blocked  with  antibodies,
the  negative  effect  of  MSCs  on  the  proliferation  of  T-
lymphocytes  decreases,  which  is  partially  re-established.27

A  mechanism  by  which  the  interaction  between  these  adhe-
sion  molecules  with  their  respective  ligands  [lymphocyte
function-associated  antigen  1 (LFA-1)  and very  late  antigen-
4  (VLA-4)]  in T-lymphocytes  can  inhibit  their  proliferation,  is
likely  to occur  because  this  event  induces  the  expression  of
the  cytotoxic  T-lymphocyte  antigen  4  (CTLA-4).28,29 CTLA-4
is  a  negative  regulator  of  the immune  response,  and  T  regu-
latory  lymphocytes  (Treg)  express  it constitutively.  Recently,
our  group  demonstrated  that  the interaction  between  BM or
umbilical  cord  blood  (UCB)  derived  MSCs  and  the activated
T-lymphocytes  increases  the expression  of  CTLA-4  in CD4+  T-
lymphocytes.  This  interaction  was  associated  with  a lesser
proliferation  of  this  cell  type,  increased  secretion  of  IL-10
and  high  concentrations  of  IFN�,  suggesting  the differentia-
tion  of  Treg  lymphocytes,  although  the regulatory  function
of  the  cell  populations  generated  in these co-cultures  was
not  assessed.  The  results  indicate  the  importance  of  cell-
cell  contact  in the capacity  of  the  MSCs  to  promote  the
differentiation  of  these  populations.24

Another  evidence  that  highlights  the  importance  of  cell
contact  in  the  immunosuppression  exerted  by  MSCs  is  the
induction  of  the expression  of  PD-L1  by  IFN�. The  activation

of  the  PD-1/PD-L1  pathway  is important  for  the termination
of  the immune  response,  tolerance  to  self-antigens  and
foreign  antigens,  and it  contributes  to  the generation  of
the  immunosuppressant  environment  found  in tumors  in
an  important  way.  Using  BM,  UCB or  placenta-derived  (PL)
MSCs,  it has  been  shown  that  PD-L1  participates  in the
immunosuppression  of MSCs  on  activated  T-lymphocytes
by  decreasing  their  proliferation  and affecting  their  dif-
ferentiation.  Through  this molecule,  MSCs  decrease  the
differentiation  of  Th17  cells  and the secretion  of  IL-17.30---34

A recently  proposed  mechanism  indicates  that  MSCs  secrete
IL-25,  which  acts  in an  autocrine  way  by  stimulating
the  expression  of  PD-L1,  which  in turn  induces  a  decrease
in the  secretion  of  IL-17.35 In  addition,  PD-L1  promotes
the  differentiation  of  Th1  lymphocytes  to  Treg  Foxp3+
lymphocytes36;  also,  an increase  in the expression  of  PD-1
in  CD4  + CD25+  activated  lymphocytes  in the presence  of
MSCs  has been  observed.31,32

Notch/Jagged  is  another  important  pathway  in the
immunosuppression  exerted  by  MSCs,  which  contributes  to
a  decreased  proliferation  of  T-lymphocytes  when  they  are
activated  in the presence  of  MSCs.37 Furthermore,  it leads
to  the expansion  of  Treg  lymphocytes.38 Also, the interaction
between  MSCs  and  hematopoietic  stem  cells  CD34+  gener-
ates  a population  of  regulatory  DCs  through  the  activation  of
the  Notch pathway.  These  populations  are  characterized  by
high  secretion  of  IL-10  and  low secretion  of IL-12,  low capac-
ity  to  activate  T-lymphocytes  and  the  capability  to  stimulate
the  differentiation  of  Treg  cells  specific  to  alloantigens.39

On the  other  hand,  HLA-G1  is  a  molecule  involved
in  the  early  interaction  between  MSCs  and  activated  T-
lymphocytes;  apparently,  the  initial  contact  between  both
cell  types  is  crucial  to  triggering  the immunosuppression  and
essential  to  induce  the secretion  of  IL-10 in T-lymphocytes.
It  has  been  shown  that  the  elimination  of the  cell  contact
using  transwell  chambers,24 or  the  use  of  antibodies  directed
to  HLA-G1  reduces  the concentration  of IL-10  in the  super-
natants  of T-lymphocytes-MSCs  cocultures.40 Similarly,  IL-10
stimulates  the  membrane  expression  of HLA-G1  in MSCs  and
the  secretion  of  HLA-G5  through  a positive  feedback  mecha-
nism,  which in  turn  induces  an  increased  expression  of  IL-10
in  T-lymphocytes.40,41 This  positive  feedback  mechanism
promotes  an anti-inflammatory  environment  characterized
by  the generation  of  T  CD4+  lymphocytes  with  high  expres-
sion  of  CD10  (a subunit  of  the IL-10  receptor),  IL-10,  and
Treg  populations  CD4+  CD25+  Foxp3+.24,40,42,43

One  of  the main  molecules  involved  in the immunosup-
pressive  activity  exerted  by  MSCs  is  the  intracellular  enzyme
indoleamine-2,  3-dioxygenase  (IDO),  which  is  responsible
for  the  catabolism  of  the amino  acid  tryptophan,  depleting
it  from  the  environment  and  generating  metabolites  as
kynurenine.  IFN�  induces  the  expression  of  IDO  in  MSCs;
the  effects  of  its  enzymatic  activity  are  reflected  in  the
modulation  of  the  function  of  various  components  of the
immune  system.  For  example,  it  affects  the proliferation
and  cytotoxic  activity  of NK cells  and inhibits  the maturation
of  DCs. It  is  known  that depending  on  the cytokines  to  which
macrophages  are  exposed  they  can be  polarized  towards  a
pro-inflammatory  phenotype  (M1)  or  an anti-inflammatory
(M2)  phenotype.  It has  also  been  shown  that the activity  of
IDO  induces  the  skew  of  monocytes  towards  an  M2 pheno-
type,  while  it decreases  the proliferation  of  T-lymphocytes,
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Figure  1  MSCs  form  part  of  the  tumor  stroma,  and  they  promote  tumor  development  through  different  immunosuppressive

mechanisms.  The  presence  of  pro-inflammatory  cytokines  such  as  IFN�,  TNF-� and  IL-1�  activate  MSCs,  which  express  different

immunosuppressive  factors  and  chemokines  that  attract  immune  cells  to  the  sites  of tumor  development,  where  T-lymphocytes  and

macrophages and  NK  cells  are polarized  towards  an  anti-inflammatory  phenotype.

inhibits  the  differentiation  of  Th17  populations  and favors
the  differentiation  of  T  regulatory  lymphocytes  Foxp3+  and
IL-10+  IFN�+  CD4+  or  Tr1.18,21,44

Another  mediator  involved  in  the immunosuppress-
ive  mechanism  of  MSCs  is  PGE2,  which  is  constitutively
expressed  by  MSCs  although  its  secretion  is  increased  in
an  inflammatory  environment.  PGE2 decreases  the  prolif-
eration  of  T-lymphocytes  and  promotes  the  differentiation
of  T  regulatory  lymphocytes  CD4+ CD25+  Foxp3+  and
Tr1.33,45 Also,  PGE2 decreases  the differentiation  of mono-
cytes  to CDs,  skews  macrophages  to  an  M2  phenotype
and  decreases  the proliferation  and  cytotoxic  activity  of
NK  cells.46,47

As it can  be  noticed,  several  mechanisms  employed
by  MSCs  in  the  regulation  of  the  immune  response  entail
an  increase  in the secretion  of  the  anti-inflammatory
cytokine  IL-10.  It  has  been  shown  that  high  concentrations
of  this  cytokine  generated  in cocultures  of  MSCs  with
activated  T-lymphocytes  induce  the  expression  of  PD-1  in
populations  of Treg  lymphocytes  CD4+  CD25+,  increasing  its
immunosuppressive  capacity.31 In  addition,  IL-10  decreases
the  maturation  of  DCs  and  their  ability  to  produce  IL-12.48

MSCs  secrete  high  amounts  of TGF-�, which  decreases  the

proliferation  of  NK cells49 and favors  the differentiation  of
Treg  lymphocytes  CD4+  CD25+  Foxp3+.50 All the  previous
findings  mean  that  the  mechanisms  of  immunosuppression
exerted  by  MSCs,  when  occurring  in  a tumor  context,
interfere  with  the immune  response  against  cancer.

3.2.  Mechanisms  of immune  suppression  observed
in MSCs derived  from  tumors

Some  evidence  suggests  that BM or  adipose  tissue-derived
MSCs  can  migrate  to  sites  of  tumor  development,  character-
ized  by  persistent  inflammation  and  secretion  of  different
chemokines,  whose  receptors  are mainly  expressed  by  MSCs
(CCR1,  4, 5, 7, 9 and  10,  as  well  as  CXCR4,  5 and 6).2---4

High  concentrations  of  pro-inflammatory  cytokines  present
in  the tumor  environment  promote  the  expression  of  ICAM-
I  and  VCAM-I  in MSCs,  which  induces  its  adhesion  to  the
endothelium  and  its  subsequent  extravasation  (Figure  1).
Once  located  in the  tumor  stroma,  MSCs favor  the eva-
sion  of  the  immune  response  by  transformed  cells.  In  a
murine  melanoma  model,  it was  observed  that  MSCs  pro-
mote  tumor  development  mainly  in an allogenic  context,
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which  highlights  the  importance  of an inflammatory  envi-
ronment  in  the immunosuppressive  activity  of  these  cells.51

Further  studies  showed  the  importance  of  IFN�  and  TNF-�  in
this  process  because  they  induce  an increase  in the expres-
sion  of  enzymes,  cytokines,  chemokines  and  growth  factors
by the  MSCs,  whose  immunosuppressive  activity  favor  the
promotion  and  progression  of  the tumor.52,53

The  role  of  the IFN�  and TNF-�  in the immunosup-
pressive  function  of  the  MSCs  on  the immune  cells  at the
tumor  stroma  has  been analyzed  using  murine  models.  The
effect  of  these  cytokines  is  relevant  in the interaction  of
MSCs  with  macrophages  on  tumor  development  sites.  It
has  been  shown  that  TNF-�-activated  MSCs,  or  lymphoma-
derived  MSCs  recruit  monocytes  and  macrophages  more
efficiently  than  BM-derived  MSCs  through  the secretion  of
ligands  of  CCR2.54 In  particular,  M1  macrophages,  which
have  antitumor  activity,  are capable  of  activating  MSCs  to
an  immunosuppressive  phenotype  with  high  expression  of
mRNA  inducible  nitric  oxide  synthase  (iNOS),  IL-6,  COX-2,
and  MCP1/CCL2.  The  latter  mediates  its  recruitment  to the
site  of  development  of  the tumor  through  its interaction
with  CCR2  expressed  in macrophages,  where  MSCs-secreted
IL-6  can  polarize  macrophages  towards  an  M2  phenotype
(Figure  1).53,55 Similar  results  have  been  found  in pan-
creas  cancer,  where  tumor  tissue-derived  MSCs  have  greater
expression  of  COX-2,  TGF-�, IL-10  and  IL-6  mRNA  than  those
derived  from  a healthy  pancreas.  In this  model,  IL-10  and
IL-6  promote  the  polarization  of  macrophages  to  an M2
phenotype,  with  reduced  expression  of iNOS  and  increased
expression  of  arginase  1  and CD206.55 In  addition,  it has
been  noted  that  TNF-�-activated  MSCs  induce an immuno-
suppressive  phenotype  in bone  marrow-derived  neutrophils
of  normal  mice  or  from  the spleen  of  mice  carrying  tumor,
characterized  by  an  increase  in the activity  of  arginase
and  iNOS.56 Altogether,  these results  indicate  that TNF-�-
activated  MSCs  favor  the development  of  tumors  through
the  polarization  of  macrophages  and  neutrophils  towards  an
anti-inflammatory  phenotype.

As  previously  mentioned,  the enzymatic  activity  of  IDO
is  very  important  in  the  mechanisms  of immunosuppres-
sion  exerted  by  MSCs.  Regarding  this  subject,  Ling  et  al.
developed  a  model  of  murine  humanized  MSCs  capable  of
expressing  IDO  (MSCs-IDO).  It was  determined  that  through
the  regulation  of the immune  response,  MSCs-IDO  favors
the  development  of melanoma  and  lymphoma  in vivo. In
melanoma  tumors,  there  is  a  reduction  in  the infiltration  of
CD8+  T-lymphocytes,  although  no  differences  are observed
in  T CD4+  lymphocytes,  NK  or  B  lymphocytes.57 The  role
of  IDO  has  also  been  shown  in  the  development  of  head
and  neck  squamous  cell carcinoma.  The  presence  of  cells
with  features  of  MSCs  have  been  identified,  and  these  cells
are  capable  of  reducing  the  proliferation  of  CD4+  and  CD8+
T-lymphocytes,  through  the  activity  of  IDO  (Figure  1).58

Also,  the  immunosuppressive  effect  of  MSCs  on  T-
lymphocytes  and  NK  cells  through  other  mechanisms  has
been  demonstrated.  In  an in vitro  model of  co-culture  of
BM-MSCs,  peripheral  blood  mononuclear  cells,  and  breast
cancer  cells,  it has been  observed  that  BM-MSCs  protect
tumor  cells  from  the immune  system  elimination  by  inhib-
iting  the  function  of  NK  cells  and  T  cytotoxic  lymphocytes
(Figure  1).  In addition,  they  favor  the  differentiation  of  reg-
ulatory  T  cells.  This  effect  is  accompanied  by  the increase  of

type Th2  cytokines  and  TGF-�,  as well  as  the decrease  of  Th1
type  cytokines.59 Similar  results  have  been  obtained  using
in  vivo  models,  in which  MSCs  also  decrease  the  strength  of
the  cytotoxic  capacity  of  NK cells  and  CD8+  T-lymphocytes,
induce  the  differentiation  of Treg  lymphocytes,  increase
serum  levels  of IL-4,  IL-10,  and  TGF-�, and  diminish  the lev-
els  of  IFN�.60 This  evidence  indicates  that  MSCs  abolish  the
cellular  immune  response  against  transformed  cells  resulting
in increased  tumor  development.

In  addition  to  the effect  of  MSCs  on  the immune  cells
present  in  the  tumor,  it has  been demonstrated  that
cytokines,  chemokines,  and  factors  secreted  by  transformed
cells  and immune  cells  also  influence  the immunosuppress-
ive  ability  of  MSCs. As  an example,  we  can  cite  the effect
of  IL-1� and  TNF-� secreted  by breast  cancer  cells.  TNF-�
acts  on  BM-MSCs  through  TNF-RI  and  TNF-RII  by  the acti-
vation  of the  NF-�B pathway,  resulting  in the secretion  of
pro-inflammatory  chemokines,  such as  CCL2  and  CXCL8/IL-
8,  which  contribute  to  the inflammatory  tumor  environment
since  they  promote  the  migration  of monocytes.7 Similarly,  it
has  been observed  that  the  supernatant  of metastatic  breast
cancer  cell  lines,  partly  through  the production  of IL-1�  and
the activation  of the NF�B  pathway  in BM-MSCs,  induces
increased  expression  of CXCL1,  CXCL6,  and  CXCL8,  which
favors,  even  more,  the  tumor  development  in  a mouse  xeno-
transplant  in  vivo  model.61,62 In addition,  colon  and  breast
carcinoma  cell  lines  induce  an increased  expression  of  PGE2

in MSCs  mainly  through  IL-1� and  IL-1�. PGE2,  which  acts
in  an autocrine  way,  together  with  IL-1,  induces  the expres-
sion  of  IL-6,  IL-8,  and CXCL1.13 These  results  indicate  that
the  exposure  of MSCs  to  TNF-� and  IL-1� secreted  by  trans-
formed  cells,  induces  the activation  of the  NF�B pathway  in
MSCs  and the  secretion  of  pro-inflammatory  chemokines.

The  effect  of  transformed  cells  on  the  function  of  MSCs
is  not  exerted  only through  secreted  factors;  it has been
demonstrated  that  the cell-cell  contact  is  very  important.
The  interaction  of  MSCs  and breast  cancer  cells  induces  an
increase  in  the  expression  of  RANTES/CCL5  in MSCs;  this
event  requires  close  contact  between  both  cell types,  and
occurs  more  rapidly  than the  increase  in  the  secretion  of
other  cytokines  (Figure 1).13,63 It  has  been  observed  that
the treatment  of  BM-MSCs  with  conditioned  medium  from
head  and neck  squamous  carcinoma  cell  lines  increases  the
expression  of  CD54/ICAM-I  in  MSCs.61 This  event  is  impor-
tant  for  the  interaction  of  immune  cells  and tumor  cells  with
MSCs. Regarding  this  matter,  it has  been  observed  that  the
contact  between  BM-MSCs  and  leukemic  cells  through  VLA-4
and VCAM-I  induces  an  increase  in the expression  of  IL-8,
IL-6,  CCL2,  and  VCAM-1  in MSCs,  which  contributes  to  the
survival  of transformed  cells.64 These  results  highlight  the
importance  of  the cell-cell  interaction  between  tumor  cells
and  MSCs.

As  mentioned  before,  immune  cells  are a key  compo-
nent  of the  tumor  stroma,  and they  also  have  influence  in
the  biology  of  MSCs.  LPS-activated  macrophages  induce  the
secretion  of pro-inflammatory  cytokines  as  IL-6,  IL-8  and
TNF-� in MSCs  through  the activation  of  NF�B  and  STAT3.
Also,  these MSCs  are capable  of  favoring  the proliferation  of
transformed  cells  and  increasing  the development  of tumor
in  a mouse  model  of gastric  cancer.65

In addition,  the  analysis  of  the effect  of  tumor-infiltrating
lymphocytes  activated  with  melanoma  cells  on  BM-MSCs
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determined  that  lymphocyte  secreted  factors  can polarize
MSCs  to  a  Th1  phenotype,  characterized  by  the tran-
scription  of pro-inflammatory  genes  and  immunoregulatory
genes,  such  as  IDO.66 Several  authors  have  proposed  the
ability  of  MSCs  to  acquire  a  pro-inflammatory  or  an anti-
inflammatory  type,  depending  on  the  context,  and  the
presence  of  TLR-3  or  TLR-4 ligands.  Until now,  these  results
are  contradictory.37,67---69 Jin et al.  (2016)  conducted  a
single-cell  transcriptomic  analysis.70 They  determined  that
IFN�  and  TNF-� are  the main  cytokines  involved  in the
activation  of  MSCs  by  the induction  of  the  expression  of
pro-inflammatory  cytokines  and chemokines  as  IL-12,  IL-15,
CXCL9,  CXCL10,  CXCL11,  as  well  as  immunosuppressant  fac-
tors  such  as  IDO,  HLA-G,  and PD-L1.  The  authors  determined
both  patterns  of  expression  in  the same  cell,  suggesting
that  the  presence  of  pro-inflammatory  or  anti-inflammatory
phenotypes  observed  in MSCs  is not  due  to  the  existence
of  two  populations.70 It is important  to  determine  which
tumor  microenvironment  stimuli  is  able  to  polarize  MSCs  to
an  anti-inflammatory  phenotype,  as  it has  been  observed  in
different  in  vitro  and  in  vivo  models,  where  the  immunosup-
pressive  phenotype  predominates.  This  information  would
allow  the  possibility  of  generating  pro-inflammatory  cell
populations  capable  of  inducing  an immune  response  against
the  tumor,  or  anti-inflammatory  cell populations  aimed  to
promote  the  acceptance  of a transplanted  organ or  the  heal-
ing  of  an  injury.

4. Conclusions  and  prospects

MSCs  form  part  of  the  tumor  stroma,  and  they  main-
tain  constant  communication  with  transformed  cells  and
immune  cells  (which  are part of  the tumor  microenviron-
ment)  through  the expression  of  membrane  molecules  and
secreted  factors.  These  cells  and factors  regulate  the func-
tion  of  MSCs  through  the secretion  of  IFN�,  TNF-�, and
IL-1�, and  activate  MSCs  to  express  and  secrete  differ-
ent  immunosuppressive  molecules  as  IDO, PD-L1,  VCAM-I,
ICAM-I,  COX-2,  PGE2, TGF-�, and  HLA-G,  as  well  as  pro-
inflammatory  chemokines  as  CXCL1,  CXCL6,  CXCL8,  CXCL9,
CXCL10,  and  CXCL11.  These  last chemokines  favor  the
migration  of  immune  cells  to  sites  of  tumor  development;
once  located,  are regulated  by  MSCs regarding  function and
their  skew  towards  an immunosuppressive  phenotype.  The
tropism  of  MSCs  to  inflammatory  environments  makes  them
suitable  for  their  use  as  therapeutic  weapons,  by  designing
MSCs  able  to  express  molecules  directed  against  neoplastic
cells  or molecules  capable  of  inducing  an  effective  immune
response.

Conflict  of interest

The  authors  declare  no  conflicts  of  interest  of any  nature.

Acknowledgements

To  M.Sc.  Ignacio  Martínez  Martínez  for the  revision  of the
manuscript  and  his  helpful  comments.

References

1. Pietras K,  Ostman A. Hallmarks of cancer: interactions with the

tumor stroma. Exp Cell Res. 2010;316:1324---31.

2. Quante M, Tu SP, Tomita H, Gonda T, Wang SS, Takashi S, et al.

Bone marrow-derived myofibroblasts contribute to the mes-

enchymal stem cell niche and promote tumor growth. Cancer

Cell. 2011;19:257---72.

3. Jung Y, Kim JK,  Shiozawa Y,  Wang J, Mishra A, Joseph J, et  al.

Recruitment of mesenchymal stem cells into prostate tumours

promotes metastasis. Nat Commun. 2013;4:1795.

4. Lejmi E, Perriraz N, Clément S, Morel P, Baertschiger R,

Christofilopoulos P, et al. Inflammatory chemokines MIP-1� and

MIP-3� are involved in the migration of  multipotent mesenchy-

mal  stromal cells induced by hepatoma cells. Stem Cells Dev.

2015;24:1223---35.

5. Beyth S, Borovsky Z, Mevorach D, Liebergall M, Gazit Z,  Aslan H,

et  al. Human mesenchymal stem cells alter antigen-presenting

cell maturation and induce T-cell unresponsiveness. Blood.

2005;105:2214---9.

6. Spaeth EL, Dembinski LJ, Sasser KA, Watson K, Klopp A, Hall

B, et al. Mesenchymal stem cell transition to tumor-associated

fibroblasts contributes to fibrovascular network expansion and

tumor progression. PLoS One. 2009;4:e4992.

7. Katanov C, Lerrer S,  Liubomirski Y,  Leider-Trejo L, Meshel T, Bar

J,  et  al. Regulation of the inflammatory profile of  stromal cells

in human breast cancer: prominent roles for TNF-alpha and the

NF-kappaB pathway. Stem Cell Res Ther. 2015;6:87.

8. Yong-Jun L, Kanzler H, Soumelis V,  Gilliet M. Dendritic

cell lineage, plasticity and cross-regulation. Nat Immunol.

2001;2:585---9.

9. Zhang T, Lee YW, Rui YF, Cheng TY, Jiang XH, Li G.  Bone

marrow-derived mesenchymal stem cells promote growth and

angiogenesis of breast and prostate tumors. Stem Cell Res Ther.

2013;4:70.

10. Bergfeld SA, Blavier L,  DeClerck YA. Bone marrow-derived mes-

enchymal stromal cells promote survival and drug resistance in

tumor cells. Mol Cancer Ther. 2014;13:962---75.

11. Mele V,  Muraro MG, Calabrese D, Pfaff D,  Amatruda N,

Amicarella F,  et al. Mesenchymal stromal cells induce epithelial-

to-mesenchymal transition in human colorectal cancer cells

through the expression of surface-bound TGF-beta. Int J Cancer.

2014;134:2583---94.

12. Wu  XB, Liu Y, Wang GH, Xu X, Cai Y,  Wang HY, et al. Mesenchy-

mal stem cells promote colorectal cancer progression through

AMPK/mTOR-mediated NF-kB activation. Sci Rep.  2016;6:21420.

13. Li  HJ, Reinhardt F, Herschman HR, Weinberg RA. Cancer-

stimulated mesenchymal stem cells create a carcinoma stem

cell niche via prostaglandin E2 signaling. Cancer Discov.

2012;2:840---55.

14. McAndrews KM, McGrail DJ, Ravikumar N, Dawson MR. Mes-

enchymal stem cells induce directional migration of  invasive

breast cancer cells through TGF-�.  Sci Rep. 2015;5:16941.

15. Friedenstein AJ, Deriglasova UF, Kulagina NN, Panasuk AF,

Rudakowa SF, Luriá EA. Precursors for fibroblasts in different

populations of hematopoietic cells as detected by the in vitro

colony assay method. Exp Hematol. 1974;2:83---92.

16. Pittenger MF, Mackay AM, Beck SC, Jaiswal RK, Douglas R, Mosca

JD, et  al. Multilineage potential of adult human mesenchymal

stem cells. Science. 1999;284:143---7.

17. Dominici M, Le Blanc K, Mueller I,  Slaper-Cortenbach I, Marini F,

Krause D, et  al. Minimal criteria for defining multipotent mes-

enchymal stromal cells. The International Society for Cellular

Therapy position statement. Cytotherapy. 2006;8:315---7.

18. Meisel R, Zibert A, Laryea M, Göbel U, Däubener W, Dilloo

D.  Human bone marrow stromal cells inhibit allogeneic T-cell

responses by indoleamine 2,3-dioxygenase-mediated trypto-

phan degradation. Blood. 2004;103:4619---21.



386  M.E.  Castro-Manrreza

19. Jiang XX, Zhang Y, Liu B, Zhang SX, Wu Y, Yu XD, et al. Human

mesenchymal stem cells inhibit differentiation and function of

monocyte-derived dendritic cells. Blood. 2005;105:4120---6.

20. Aggarwal S, Pittenger MF. Human mesenchymal stem

cells modulate allogeneic immune cell responses. Blood.

2005;105:1815---22.

21. Krampera M,  Cosmi L,  Angeli R,  Pasini A, Liotta F, Andreini

A, et al. Role for interferon-gamma in the immunomodulatory

activity of  human bone marrow mesenchymal stem cells. Stem

Cells. 2006;24:386---98.

22. Ryan JM, Barry F, Murphy JM, Mahon BP. Interferon-gamma

does not break, but promotes the immunosuppressive capac-

ity of adult human mesenchymal stem cells. Clin Exp Immunol.

2007;149:353---63.

23. Kim J, Hematti P. Mesenchymal stem cell-educated

macrophages: a novel type of alternatively activated

macrophages. Exp Hematol. 2009;37:1445---53.

24. Castro-Manrreza ME, Mayani H, Monroy-García A, Flores-

Figueroa E, Chávez-Rueda K, Legorreta-Haquet V,  et al. Human

mesenchymal stromal cells from adult and neonatal sources: a

comparative in vitro analysis of their immunosuppressive prop-

erties against T  cells. Stem Cells Dev. 2014;23:1217---32.

25. Han X, Yang Q,  Lin L,  Xu C, Zheng C, Chen X, et al. Interleukin-17

enhances immunosuppression by mesenchymal stem cells. Cell

Death Differ. 2014;21:1758---68.

26. Ghannam S, Pène J,  Moquet-Torcy G,  Jorgensen C, Yssel H. Mes-

enchymal stem cells inhibit human Th17 cell differentiation and

function and induce a T regulatory cell phenotype. J Immunol.

2010;185:302---12.

27. Ren G, Zhao X, Zhang L, Zhang J, L’Huillier A, Ling W,

et al. Inflammatory cytokine-induced intercellular adhesion

molecule-1 and vascular cell adhesion molecule-1 in mesenchy-

mal stem cells are critical for immunosuppression. J Immunol.

2010;184:2321---8.

28. Damle NK, Klussman K, Leytze G, Myrdal S,  Aruffo A, Ledbetter

JA, et al. Costimulation of  T-lymphocytes with integrin lig-

ands intercellular adhesion molecule-1 or vascular cell adhesion

molecule-1 induces functional expression of  CTLA-4, a second

receptor for B7. J  Immunol. 1994;152:2686---97.

29. Gatta L, Calviello G, Di Nicuolo F, Pace L, Ubaldi V, Doria G, et al.

Cytotoxic T lymphocyte-associated antigen-4 inhibits integrin-

mediated stimulation. Immunology. 2002;107:209---16.

30. Tipnis S, Viswanathan C, Majumdar AS. Immunosuppress-

ive  properties of  human umbilical cord-derived mesenchymal

stem cells: role of  B7-H1 and IDO. Immunol Cell Biol.

2010;88:795---806.

31. Yan Z, Zhuansun Y, Chen R, Li J, Ran P. Immunomodulation of

mesenchymal stromal cells on  regulatory T cells and its  possible

mechanism. Exp Cell Res. 2014;324:65---74.

32. Yan Z, Zhuansun Y,  Liu G, Chen R, Li J,  Ran P. Mesenchymal

stem cells suppress T cells by inducing apoptosis and through

PD-1/B7-H1 interactions. Immunol Lett. 2014;162:248---55.

33. Sheng H, Wang Y, Jin Y, Zhang Q,  Zhang Y, Wang L, et  al. A

critical role of  IFN-gamma in priming MSC-mediated suppression

of  T cell proliferation through up-regulation of  B7-H1. Cell Res.

2008;18:846---57.

34. Chang CJ, Yen ML, Chen YC, Chien CC, Huang HI, Bai CH, et al.

Placenta-derived multipotent cells exhibit immunosuppressive

properties that are enhanced in the presence of  interferon-

gamma. Stem Cells. 2006;24:2466---77.

35. Wang WB, Yen ML, Liu KJ, Hsu PJ, Lin MH, Chen PM, et al.

Interleukin-25 mediates transcriptional control of PD-L1 via

STAT3 in multipotent human mesenchymal stromal cells (hMSCs)

to suppress Th17 responses. Stem Cell Rep. 2015;5:392---404.

36. Amarnath S,  Mangus CW, Wang JCM, Wei F, He A, Kapoor V,  et  al.

The PDL1-PD1 axis converts human TH1 cells into regulatory T

cells. Sci Transl Med. 2011;3:111---20.

37. Liotta F, Angeli R, Cosmi L,  Filì L,  Manuelli C, Frosali F, et al.

Toll-like receptors 3 and 4 are expressed by human bone

marrow-derived mesenchymal stem  cells and can inhibit their

T-cell modulatory activity by impairing Notch signaling. Stem

Cells. 2008;26:279---89.

38. Cahill EF, Tobin LM,  Carty F, Mahon BP, English K. Jagged-1 is

required for the expansion of CD4+ CD25+ FoxP3+ regulatory

T cells and tolerogenic dendritic cells by murine mesenchymal

stromal cells. Stem Cell Res Ther. 2015;6:19.

39. Li YP, Paczesny S, Lauret E, Poirault S,  Bordigoni P, Mekhloufi

F, et  al. Human mesenchymal stem cells license adult CD34+

hemopoietic progenitor cells to differentiate into regulatory

dendritic cells through activation of the Notch pathway. J

Immunol. 2008;180:1598---608.

40. Giuliani M, Fleury M,  Vernochet A, Ketroussi F, Clay D, Azzarone

B, et al. Long-lasting inhibitory effects of fetal liver mes-

enchymal stem cells on  T-lymphocyte proliferation. PLoS One.

2011;6:e19988.

41. Selmani Z, Naji A, Zidi I, Favier B, Gaiffe E, Obert L,  et al.

Human leukocyte antigen-G5 secretion by human mesenchymal

stem cells is required to suppress T lymphocyte and natural

killer function and to induce CD4 + CD25highFOXP3+ regulatory

T cells. Stem Cells. 2008;26:212---22.

42. Prevosto C, Zancolli M, Canevali P, Zocchi MR, Poggi A. Genera-

tion of CD4+ or CD8+ regulatory T  cells upon mesenchymal stem

cell-lymphocyte interaction. Haematologica. 2007;92:881---8.

43. Najar M, Raicevic G,  Fayyad-Kazan H, De Bruyn C, Bron D, Toun-

gouz M, et  al.  Bone marrow mesenchymal stromal cells induce

proliferative, cytokinic and molecular changes during the T cell

response: The importance of the IL-10/CD210 axis. Stem Cell

Rev. 2015;11:442---52.

44. Munn DH. Mellor AL. Indoleamine 2,3-dioxygenase and

metabolic control of  immune responses. Trends Immunol.

2013;34:137---43.

45. Hsu WT, Lin CH, Chiang BL, Jui HY, Wu KK, Lee CM.

Prostaglandin E2 potentiates mesenchymal stem cell-induced

IL-10 + IFN-gamma + CD4+ regulatory T cells to control trans-

plant arteriosclerosis. J  Immunol. 2013;190:2372---80.

46. Spaggiari GM, Abdelrazik H, Becchetti F, Moretta L. MSCs

inhibit monocyte-derived DC maturation and function by

selectively interfering with the generation of  immature DCs:

central role of MSC-derived prostaglandin E2. Blood. 2009;113:

6576---83.

47. Spaggiari GM, Moretta L.  Cellular and molecular interactions of

mesenchymal stem cells in innate immunity. Immunol Cell Biol.

2013;91:27---31.

48. Liu WH, Liu JJ, Wu  J, Zhang LL, Liu F, Yin  L,  et  al. Novel mecha-

nism of inhibition of dendritic cells maturation by mesenchymal

stem cells via interleukin-10 and the JAK1/STAT3 signaling path-

way. PLoS One. 2013;8:e55487.

49. Sotiropoulou PA,  Perez SA, Gritzapis AD, Baxevanis CN,

Papamichail M.  Interactions between human mesenchymal stem

cells and natural killer cells. Stem Cells. 2006;24:74---85.

50. English K, Ryan JM, Tobin L, Murphy MJ, Barry FP, Mahon BP.

Cell contact, prostaglandin E(2) and transforming growth factor

beta 1 play non-redundant roles in human mesenchymal stem

cell induction of CD4 + CD25(High) forkhead box P3+ regulatory

T cells. Clin Exp Immunol. 2009;156:149---60.

51. Djouad F, Plence P, Bony C, Tropel P, Apparailly F, Sany J, et  al.

Immunosuppressive effect of  mesenchymal stem cells favors

tumor growth in allogeneic animals. Blood. 2003;102:3837---44.

52. Han Z, Tian Z, Lv G, Zhang L,  Jiang G, Sun K, et al. Immuno-

suppressive effect of  bone marrow-derived mesenchymal stem

cells in inflammatory microenvironment favours the growth of

B16 melanoma cells. J  Cell Mol Med. 2011;15:2343---52.

53. Xiao-hua J, Guo-wei F,  Zhong-liang W, Yang D,  Chen S,

Hui H, et al. Activation of  mesenchymal stem cells by



Mesenchymal  stem  cells  and  cancer  development  387

macrophages promotes tumor progression through immune sup-

pressive effects. Oncotarget. 2016;7:20934---44.

54. Ren G, Zhao X, Wang Y, Zhang X, Chen X, Xu C, et al. CCR2-

dependent recruitment of macrophages by  tumor-educated

mesenchymal stromal cells promotes tumor development

and is mimicked by TNF-�. Cell Stem Cell. 2012;11:

812---24.

55. Mathew E, Brannon AL, Del Vecchio A, Garcia PE, Penny

MK, Kane KT, et  al.  Mesenchymal stem cells promote pan-

creatic tumor growth by inducing alternative polarization of

macrophages. Neoplasia. 2016;18:142---51.

56. Hu X, Zhou Y, Dong K, Sun  Z, Zhao D,  Wang W,  et al. Pro-

gramming of the development of  tumor-promoting neutrophils

by mesenchymal stromal cells. Cell Physiol Biochem. 2014;33:

1802---14.

57. Ling W,  Zhang J,  Yuan Z,  Ren G,  Zhang L,  Chen X, et al. Mes-

enchymal stem cells use IDO to regulate immunity in tumor

microenvironment. Cancer Res. 2014;74:1576---87.

58. Liotta F, Querci V, Mannelli G,  Santarlasci V, Maggi L, Capone M,

et al. Mesenchymal stem cells are  enriched in head neck squa-

mous cell carcinoma, correlates with tumour size and inhibit

T-cell proliferation. Br J  Cancer. 2015;112:745---54.

59. Patel SA, Meyer JR, Greco SJ, Corcoran KE, Bryan M,  Rameshwar

P. Mesenchymal stem cells protect breast cancer cells through

regulatory T cells: role of mesenchymal stem cell-derived TGF-

beta. J Immunol. 2010;184:5885---94.

60. Ljujic B, Milovanovic M, Volarevic V,  Murray B, Bugarski D,  Przy-

borski S, et al. Human mesenchymal stem cells creating an

immunosuppressive environment and promote breast cancer in

mice. Sci Rep. 2013;3:2298.

61. Kansy BA, Dißmann PA, Hemeda H, Bruderek K, Westerkamp AM,

Jagalski V, et  al. The bidirectional tumor–mesenchymal stro-

mal cell interaction promotes the progression of head and neck

cancer. Stem Cell Res Ther. 2014;5:95.

62. Escobar P, Bouclier C, Serret J,  Bièche I, Brigitte M,  Caicedo A,

et al. IL-1�  produced by aggressive breast cancer cells is one

of the factors that dictate their interactions with mesenchy-

mal stem cells through chemokine production. Oncotarget.

2015;6:29034---47.

63. Karnoub AE, Dash AB, Vo AP, Sullivan A, Brooks MW, Bell GW,

et  al. Mesenchymal stem cells within tumour stroma promote

breast cancer metastasis. Nature. 2007;449:557---63.

64. Jacamo R,  Chen Y,  Wang Z, Ma W, Zhang M, Spaeth EL,

et al. Reciprocal leukemia-stroma VCAM-1/VLA-4-dependent

activation of NF-�B mediates chemoresistance. Blood.

2014;123:2691---702.

65. Yang T, Zhang X, Wang M, Zhang J, Huang F,  Cai J,  et al. Acti-

vation of mesenchymal stem cells by macrophages prompts

human gastric cancer growth through NF-�B  pathway. PLoS One.

2014;9:e97569.

66. Jin  P, Civini S, Zhao Y,  De Giorgi V, Ren J, Sabatino M, et al.

Direct T cell-tumour interaction triggers TH1 phenotype activa-

tion through the modification of the mesenchymal stromal cells

transcriptional programme. Br J Cancer. 2014;110:2955---64.

67. Tomchuck SL, Zwezdaryk KJ, Coffelt SB, Waterman RS, Danka

ES, Scandurro AB. Toll-like receptors on human mesenchy-

mal stem cells drive their migration and immunomodulating

responses. Stem Cells. 2008;26:99---107.

68. Waterman RS, Tomchuck SL, Henkle SL, Betancourt AM. A new

mesenchymal stem cell (MSC) paradigm: polarization into a pro-

inflammatory MSC1 or an Immunosuppressive MSC2 phenotype.

PLoS One. 2010;5:e10088.

69. Giuliani M, Bennaceur-Griscelli A, Nanbakhsh A, Oudrhiri N,

Chouaib S, Azzarone B, et  al. TLR ligands stimulation protects

MSC from NK killing. Stem Cells. 2014;32:290---300.

70. Jin  P, Zhao Y, Liu H, Chen J,  Ren J, Jin J, et al. Interferon-

� and Tumor Necrosis Factor-� polarize bone marrow stromal

cells uniformly to a Th1 phenotype. Sci Rep.  2016;6:26345.


	Participation of mesenchymal stem cells in theregulation of immune response and cancerdevelopment

