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Summary  There  is  accumulating  evidence  that  activated  pancreatic  stellate  cells  (PSCs)  play
a pivotal  role  in  the  development  of  pancreatic  fibrosis  within  the  pancreatic  cancer  tissue.  Not
only do  they  produce  extracellular  matrix  components,  PSCs  dynamically  interact  with  other
cell types  to  constitute  the  cancer-conditioned  microenvironment.  There  exist  bidirectional
interactions  between  PSCs  and  pancreatic  cancer  cells.  Pancreatic  cancer  cells  promote  the
proliferation,  migration,  extracellular  matrix  production  and  degradation,  and  angiogenetic
responses  in  PSCs.  In  turn,  PSCs  promote  the  proliferation  and  migration,  and  inhibit  the  apo-
ptosis of  pancreatic  cancer  cells.  PSCs  also  induce  epithelial-mesenchymal  transition  and  stem
cell like  phenotypes  in  pancreatic  cancer  cells,  resulting  in  resistance  to  conventional  ther-
apies, distant  metastasis,  and  recurrence.  PSCs  interact  with  endothelial  cells,  neural  cells
and �-cells,  leading  to  angiogenesis,  neurogenesis  and  �-cell  dysfunction  and  apoptosis.  PSCs
cause impaired  immune  responses  and  help  pancreatic  cancer  cells  escape  from  host  immune-
surveillance.  PSCs  induce  the  differentiation  of  myeloid-derived  suppressor  cells,  induce  the
apoptosis of  T  cells,  inhibit  the  infiltration  of  T  cells,  and  induce  the  activation  of  mast  cells.
Overall, these  interactions  appear  to  promote  the  progression  of  pancreatic  cancer,  and  anti-
stroma therapies  targeting  PSCs  are  under  intense  investigation.  Further  elucidation  of  these
interactions  could  lead  to  the  identification  of  novel  therapeutic  targets  in  pancreatic  cancer.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.
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Introduction

Pancreatic  ductal  adenocarcinoma  is  a  highly  malignant  phe-
notype  characterized  by  rapid  progression,  early  metastasis,
and  a  limited  response  to  chemotherapy  and  radiotherapy
[1].  The  abundant  desmoplastic/stromal  reaction,  account-
ing  for  up  to  90%  of  the  tumor  volume,  is  a  characteristic
feature  of  pancreatic  cancer  [1—3].  It  has  been  controver-
sial  whether  the  stroma  drives  the  progression  of  pancreatic
cancer  or  acts  as  a  defense  against  pancreatic  cancer  [2—4].
A  major  breakthrough  in  this  research  field  was  the  identi-
fication  and  characterization  of  the  star-shaped  cells  in  the
pancreas,  namely  pancreatic  stellate  cells  (PSCs),  in  1998
[5,6].  There  is  accumulating  evidence  that  activated  PSCs
play  a  pivotal  role  in  the  development  of  pancreatic  fibro-
sis  within  the  pancreatic  cancer  tissue  [7—11].  Not  only  do
they  produce  extracellular  matrix  (ECM)  components,  PSCs
dynamically  interact  with  other  cell  types  to  constitute  the
cancer-conditioned  microenvironment.  In  this  mini-review,
we  will  briefly  summarize  our  current  knowledge  in  this
field.

Stroma in pancreatic cancer

The  stroma  consists  of  a  variety  of  components  including
fibroblasts  and  myofibroblasts,  blood  vessels,  inflammatory
and  immune  cells,  ECM  and  matricellular  proteins  [3,4].  It
has  been  shown  that  high  stromal  activity,  as  assessed  by  �-
smooth  muscle  actin  (�-SMA)  expression,  is  associated  with  a
poor  prognosis  in  patients  with  pancreatic  cancer  [2].  Sim-
ilarly,  the  high  expression  of  matricellular  matrix  proteins
such  as  secreted  protein  acidic  and  rich  in  cysteine  [12]
and  periostin  [13]  is  associated  with  a  poor  prognosis.  These
results  suggest  that  the  stroma  has  a  clinical  impact  on  the
progression  of  pancreatic  cancer.  It  has  been  controversial
whether  the  stroma  drives  the  progression  of  pancreatic  can-
cer  or  acts  as  a  defense  against  pancreatic  cancer  [3,4].
The  stroma  might  stimulate  the  aggressive  behaviors  of
pancreatic  cancer  cells  and  help  them  escape  from  host
immune-surveillance.  On  the  other  hand,  the  stroma  might
provide  a  barrier  limiting  the  dissemination  and  metastasis
of  pancreatic  cancer  cells.  Another  aspect  of  the  stroma  is
low  blood  perfusion  and  hypoxia.  The  dense  stroma  impairs
drug  delivery  by  several  mechanisms  such  as  by  providing  a
physical  barrier  and  high  interstitial  pressure  [14].

Identification and characterization of PSCs

A  major  breakthrough  in  this  research  field  was  the  iden-
tification  and  characterization  of  PSCs  in  1998  [5,6].  PSCs
are  mainly  located  around  acinar  cells,  and  account  for
about  4%  of  all  pancreatic  cells  [5].  PSCs  are  morpho-
logically  and  functionally  very  similar  to  hepatic  stellate
cells,  which  are  major  effector  cells  in  liver  fibrosis.  In
normal  pancreas,  stellate  cells  are  quiescent  and  can  be
identified  by  the  presence  of  vitamin  A-containing  lipid
droplets  in  the  cytoplasm  [5,6,9].  In  response  to  pancreatic
injury  or  inflammation,  quiescent  PSCs  undergo  morpholog-
ical  and  functional  changes  to  become  myofibroblast-like
cells,  which  express  �-SMA.  This  step  is  called  ‘‘activation’’

[7]. The  mechanism  responsible  for  the  activation  of  PSCs
remains  to  be  fully  clarified,  but  includes  the  activation  of
intracellular  signaling  pathways  such  as  mitogen-activated
protein  kinases  [7,15].  The  expression  profile  of  microRNAs
(miRNAs)  in  PSCs  is  dramatically  altered  upon  activation,
suggesting  that  microRNAs  have  a  role  in  the  activation
process  [16]. Activated  PSCs  lose  lipid  droplets,  actively
proliferate,  migrate,  and  produce  large  amounts  of  ECM
components  such  as  type  I  collagen  and  fibronectin.  It  has
been  established  that  PSCs  play  a  pivotal  role  in  the  devel-
opment  of  pancreatic  fibrosis  in  pancreatic  cancer  [8—11].
Importantly,  in  vitro  culture  of  PSCs  provides  a  useful  and
unique  platform  to  investigate  the  interactions  between
stromal  cells  and  cancer  cells.

Dynamic interactions between PSCs  and other
cell types in pancreatic cancer
microenvironment

It  has  been  increasingly  recognized  that  dynamic  interac-
tions  exist  between  PSCs  and  other  cell  components  in
pancreatic  cancer.

PSC-cancer  cell  interactions

Previous  in  vitro  studies  have  shown  bidirectional  inter-
actions  between  PSCs  and  pancreatic  cancer  cells  [10].
Pancreatic  cancer  cells  promote  proliferation,  migra-
tion,  ECM  production  and  degradation,  and  angiogenetic
responses  in  PSCs.  In  turn,  PSCs  promote  the  proliferation
and  migration,  and  inhibit  the  apoptosis  of  pancreatic  can-
cer  cells  [17].  These  interactions  are  likely  to  be  mediated
mainly  by  cytokines  and  growth  factors  such  as  platelet-
derived  growth  factor,  transforming  growth  factor-�  and
fibroblast  growth  factor  [18]. In  an  orthotopic  model  of
pancreatic  cancer,  the  size  of  a  local  tumor  was  greater  if
pancreatic  cancer  cells  were  injected  with  PSCs  [17,19].  In
addition,  the  number  of  mice  with  distant  metastasis  was
increased  if  PSCs  were  injected  together  with  pancreatic
cancer  cells  [17,19].  Thus,  PSCs  promote  local  tumor  growth
and  distant  metastasis.  Kikuta  et  al.  [20]  reported  that
PSCs-induced  epithelial-mesenchymal  transition  (EMT)  in
pancreatic  cancer  cells.  PSCs  induced  the  fibroblast-like  cell
morphology,  decreased  the  expression  of  epithelial  markers
E-cadherin  and  cytokeratin,  and  increased  the  expression
of  mesenchymal  markers  such  as  vimentin.  EMT  is  a  devel-
opmental  process  that  allows  a  polarized  epithelial  cell  to
undergo  multiple  biochemical  changes  that  enable  it  to
assume  a  mesenchymal  phenotype  [21].  The  EMT  pheno-
type  includes  enhanced  migratory  capacity,  invasiveness,
elevated  resistance  to  apoptosis,  and  greatly  increased
production  of  ECM  components.  EMT  is  now  considered  a
critical  process  in  cancer  progression,  and  EMT  induction
in  cancer  cells  results  in  the  acquisition  of  invasive  and
metastatic  properties  as  well  as  resistance  to  conventional
therapies  [21].  The  molecular  mechanisms  responsible  for
PSC-induced  EMT  in  pancreatic  cancer  cells  remain  to  be
fully  clarified,  but  miRNAs  might  be  involved.  Takikawa
et  al.  [22]  identified  miR-210  as  an  upregulated  miRNA  in
pancreatic  cancer  cells  by  co-culture  with  PSCs.  Inhibition
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