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  Introduction  
	
  
      A critical problem in prostate cancer is our inability to reliably distinguish indolent 
from aggressive disease. Cancer metastasis gene, but not tumor initiating gene, might be 
the potential target to solve this problem. Recent evidence has implicated a class of 
genes, termed Cancer Testis Antigens (CTA), in cancer progression. In preliminary 
studies, we compared the CTA gene bank with a prostate cancer metastatic gene 
signature that we generated from a comparison between highly metastatic orthotopic 
tumors. We observed that SPANXB2 is up-regulated among these common up-ergulated 
genes and we postulated CTA SPANXB2 as a cancer metastasis related CTA. In 
addition, based on the unique tumor microenvironment of mouse prostate ( vs mouse 
subcutaneous), we foretell that prostate stromal cells or stromal factors ((i.e., TGF-β). 
play critical role in regulating SPANBXB2 expression and tumor progression. We 
hypothesize that SPANX-B2 may be the key regulator of prostate cancer aggressive cell 
behavior and metastasis. We also hypothesize that prostate stroma promotes SPANX-B2 
expression in prostate cancer cells in vivo and in vitro,  and most likely, this process is 
modulated by TGFβ. Finally we seek to the link between SPANX-B2 expression and 
metastasis and clinical outcome, as well as reactive stromal markers. We expect our study 
will provide evidence to develop some potential clinical diagnosis and prognosis marker, 
and SPANXB2 and reactive stromal cells may be used as the therapeutic targets.  
 
 
Key Words:  Metastasis, Cancer Testis Antigen, SPANXB2, stromal cells,  TGFβ	
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                                    Overall Project Summary 
	
  
       We fully completed our specific Aim i and ii , and partially completed the aim iii. In 
aim i: Determine the association of SPANX-B2 and stroma with prostate cancer 
aggressiveness in vitro.  In order to confirm this association, we initially show that 
reactive stromal cells promote SPANXB2 expression by using a modified in vitro 2-D 
stromal-epithelial model. We also demonstrate that reactive stromal cells co-culture 
increases prostate cancer cells proliferation, migration, and invasion. Our data implies 
that overexpression of SPANXB2 is associated with the enhanced cancer cells 
aggressiveness. Then we confirm this by SPANXB2 knocking down and we prove that 
blocking of SPANXB2 suppresses prostate cancer cells proliferation, migration and 
invasion. We also observe that SPANXB2 level is up-regulated upon TGF-β2 treatment. 
TGF-β2 level is also increased in these PC3 co-culture cells.  Adding TGF-β2 or TGF-β 
inhibitor significantly alters the invasion ability of PC3 cells. These data fully supports 
that regulation of SPANXB2 and reactive stromal cells on prostate cancer aggressiveness 
in vivo. ii) Determine the association of SPANX-B2 and stroma with prostate cancer 
metastasis in vivo . We confirmed that these co-cultured cells exhibit more aggressive 
profiles in mouse dorsal prostate injection model. We also confirmed that SPANXB2 
knock down attenuates tumor metastasis. In addition, TGF-β2 treatment augments tumor 
metastasis in PC3 subcutaneous model. These data fully supports that regulation of 
SPANXB2 and reactive stromal cells on tumor metastasis in vivo.  iii) Test the 
association of SPANX-B2 expression with biochemical recurrence (PSA), lymph node 
metastasis, prostate cancer specific death and reactive stroma grade (RSG).	
  	
  	
  Based	
  on	
  
the	
  relocation	
  reason,	
  we	
  lost	
  the	
  cooperation	
  with	
  our	
  previous	
  partner	
  and	
  are	
  no	
  
longer	
  to	
  access	
  these	
  human	
  prostate	
  tumor	
  samples	
  that	
  linked	
  with	
  clinical	
  
outcome	
  and	
  RSG,	
  we	
  did	
  not	
  complete	
  this	
  part	
  to	
  seek	
  the	
  linking	
  between	
  
SPANXB2	
  and	
  RSG.	
  	
  But	
  we	
  still	
  observed	
  that	
  a	
  robust	
  accumulation	
  of	
  
myofibroblasts	
  in	
  HPS	
  cells	
  after	
  co-­‐culture.	
  It	
  suggests	
  that	
  SPANXB2	
  is	
  associated	
  
with	
  this	
  accumulation	
  of	
  myofibroblasts.	
  We	
  still	
  observed	
  that	
  SPANXB2	
  level	
  is	
  
increased	
  among	
  the	
  high	
  Gleason	
  patients	
  samples.	
  By	
  using	
  Oncomine	
  and	
  TCGA	
  
data,	
  	
  we	
  found	
  that	
  SPANXB2	
  is	
  overexpressed	
  on	
  metastasis	
  sites	
  and	
  closed	
  
associated	
  with	
  clinical	
  outcome.	
  	
  These	
  data	
  supports	
  that	
  overexpression	
  of	
  
SPANXB2	
  is	
  lined	
  with	
  metastasis	
  and	
  bad	
  clinical	
  outcome.	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Hangwen	
  Li	
  	
  	
  2014	
  Final	
  Report	
  	
  

	
   4	
  

	
  
Key Research Accomplishments 

 
Specific Aims of the Project as Proposed: 
 
Aim 1: Determine the association of SPANX-B2 and stroma with prostate cancer 
aggressiveness in vitro. 
1a) Assess the role of SPANX-B2 in regulating aggressiveness in vitro. 
 
	
  	
  	
  	
  	
  	
  	
  	
  Although	
  a	
  few	
  previous	
  reports	
  has	
  shown	
  the	
  association	
  between	
  SPANXB	
  
and	
  disease	
  progression	
  (1.2),	
  the	
  function	
  of	
  SPANXB2	
  in	
  cancer	
  progression,	
  
especially	
  in	
  prostate	
  cancer	
  is	
  still	
  an	
  open	
  question.	
  Loss	
  function	
  study	
  is	
  the	
  best	
  
way	
  to	
  verify	
  the	
  function	
  of	
  study	
  gene.	
  	
  We	
  purchased	
  the	
  knock	
  down	
  shRNA	
  
vector	
  from	
  Openbiosystem	
  and	
  establish	
  three	
  knock	
  down	
  clones	
  in	
  PC3	
  cells:	
  
SPANXB2-­‐KD1,	
  KD2,	
  and	
  KD3.	
  	
  Real	
  time	
  PCR	
  and	
  Western	
  blotting	
  analysis	
  are	
  
applied	
  to	
  validate	
  the	
  knock	
  down	
  effect	
  (Figure	
  1).	
  	
  Anti-­‐SPANXB	
  antibody	
  is	
  a	
  gift	
  
from	
  Dr.	
  Kouprina	
  from	
  NIH,	
  we	
  also	
  followed	
  up	
  the	
  same	
  protocol	
  from	
  their	
  
papers	
  (2,3).	
  Mel-­‐938	
  is	
  a	
  melanoma	
  line	
  and	
  used	
  as	
  a	
  positive	
  control.	
  	
  Except	
  
clone	
  KD1,	
  which	
  only	
  show	
  knockdown	
  effect	
  on	
  mRNA	
  level,	
  KD2	
  and	
  KD3	
  clones	
  
show	
  successful	
  SPANXB2	
  knockdown	
  effect	
  on	
  both	
  mRNA	
  level	
  and	
  protein	
  level	
  
in	
  PC3	
  cells	
  (Figure	
  1).	
  	
  	
  
	
  	
  	
  	
  We	
  further	
  analyze	
  these	
  aggressiveness	
  markers	
  including	
  proliferation,	
  
migration,	
  and	
  invasion	
  by	
  comparing	
  with	
  PC3	
  NS	
  cells	
  and	
  KD	
  cells.	
  Since	
  PC3-­‐KD1	
  
clone	
  did	
  not	
  show	
  the	
  protein	
  level	
  knock	
  down	
  effect,	
  we	
  more	
  focus	
  on	
  PC3-­‐KD2	
  
and	
  KD3	
  clones.	
  	
  	
  In	
  proliferation	
  assay,	
  we	
  use	
  the	
  MTT	
  method	
  to	
  check	
  the	
  
proliferation	
  rate	
  of	
  cells,	
  basically,	
  5000	
  of	
  each	
  type	
  of	
  cells	
  are	
  plated	
  in	
  96-­‐well	
  
plate	
  and	
  incubate	
  72	
  hours,	
  then	
  MTT	
  is	
  added	
  and	
  proliferation	
  rate	
  is	
  measured	
  
in	
  the	
  following	
  day.	
  The	
  data	
  clearly	
  indicates	
  that	
  SPANXB2	
  knock	
  down	
  reduces	
  
the	
  cell	
  proliferation	
  (Figure	
  2-­‐A).	
  	
  	
  Wound	
  healing	
  experiment	
  is	
  used	
  to	
  analyze	
  
the	
  migration	
  function.	
  	
  Cells	
  are	
  plated	
  one	
  day	
  before	
  and	
  a	
  scratch	
  is	
  made,	
  then	
  
wound-­‐healing	
  images	
  are	
  taken	
  after	
  48	
  hours.	
  	
  KD2	
  and	
  KD3	
  cells	
  show	
  a	
  
deficiency	
  of	
  healing	
  wound	
  ability	
  in	
  these	
  experiments	
  (Figure	
  2-­‐B).	
  	
  	
  
	
  	
  	
  	
  B.D.	
  invasion	
  kit	
  is	
  one	
  of	
  the	
  most	
  common	
  used	
  methods	
  to	
  evaluate	
  the	
  cell	
  
invasion	
  function.	
  	
  By	
  using	
  this	
  kit,	
  we	
  put	
  25,000	
  of	
  PC3	
  NS,	
  PC3-­‐KD2,	
  PC3-­‐KD3	
  in	
  
500ul	
  of	
  non-­‐serum	
  contain	
  medium	
  on	
  the	
  top	
  insert	
  and	
  750	
  ul	
  of	
  30%	
  serum	
  
medium	
  on	
  the	
  bottom	
  well.	
  After	
  22	
  hours,	
  the	
  invasion	
  membrane	
  is	
  harvested	
  
and	
  a	
  dye	
  staining	
  is	
  applied	
  to	
  facilitate	
  count	
  of	
  these	
  invaded	
  cells.	
  	
  Control	
  
membranes	
  are	
  harvested	
  and	
  used	
  to	
  count	
  for	
  migrated	
  cells	
  (Figure	
  3).	
  	
  Our	
  data	
  
demonstrates	
  that	
  migration	
  and	
  invasion	
  ability	
  are	
  inhibited	
  in	
  both	
  of	
  PC3-­‐KD2	
  
and	
  KD3	
  cells	
  (Figure	
  3	
  A-­‐B).	
  	
  A	
  rescue	
  experiment	
  is	
  also	
  designed	
  to	
  check	
  
whether	
  re-­‐exposure	
  or	
  re-­‐adding	
  19I	
  cells	
  to	
  these	
  KD2	
  and	
  KD3	
  cells	
  can	
  rescue	
  
the	
  phenotype.	
  We	
  generate	
  the	
  PC3-­‐KD2-­‐19I	
  and	
  PC3-­‐KD3-­‐19I	
  cells	
  according	
  to	
  
the	
  method	
  we	
  describe	
  previously.	
  And	
  we	
  also	
  directly	
  mix	
  19I	
  cells	
  with	
  these	
  
KD2	
  and	
  KD3	
  cells	
  on	
  the	
  top	
  insert.	
  	
  Unfortunately,	
  these	
  rescue	
  experiments	
  did	
  
not	
  generate	
  a	
  fully	
  clear	
  result.	
  	
  It	
  shows	
  that	
  a	
  rescue	
  phenotype	
  on	
  Migration	
  
assay	
  and	
  partially	
  rescue	
  on	
  KD2-­‐19I	
  cells	
  in	
  PC3-­‐KD2	
  clone.	
  It	
  did	
  not	
  show	
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significant	
  rescue	
  phenotype	
  on	
  PC3-­‐KD3	
  clone	
  (Figure	
  3).	
  Considered	
  that	
  KD3	
  
clone	
  has	
  more	
  protein	
  level	
  knock	
  down	
  than	
  that	
  of	
  KD2	
  clone	
  (Figure	
  1-­‐c).	
  	
  It	
  
implies	
  that	
  SPANXB2	
  protein	
  level	
  is	
  critical	
  for	
  cells	
  to	
  maintain	
  an	
  aggressiveness	
  
phenotype,	
  the	
  re-­‐exposure	
  of	
  19I	
  cells	
  to	
  these	
  knock	
  down	
  cells	
  seems	
  is	
  not	
  
sufficiency	
  to	
  re-­‐generate	
  enough	
  SPANXB2	
  in	
  these	
  cells.	
  	
  
 
Summary of Key Research Accomplishments in this section 
	
  

1) Successfully	
  establishment	
  of	
  PC3-­‐SPANXB2	
  knock	
  down	
  stable	
  lines.	
  	
  
2) Validation	
  of	
  knock	
  down	
  effects	
  by	
  using	
  real	
  time	
  PCR	
  and	
  western	
  

blotting.	
  	
  
3) SPANXB2	
  knock	
  down	
  inhibits	
  the	
  aggressiveness	
  markers	
  including	
  

proliferation,	
  migration	
  and	
  invasion	
  in	
  vitro.	
  
	
  	
  
	
  
	
  1b)	
  Determine	
   the	
   influence	
  of	
  human	
  prostate	
   stroma	
   (HPS)	
  and	
  TGF-­‐β	
  on	
  
modulating	
  SPANX-­‐B2	
  expression	
  and	
  aggressive	
  cell	
  behavior	
  in	
  vitro.	
  
	
  
	
  	
  	
  	
  	
  	
  We	
  initially	
  get	
  two	
  HPS:	
  19I	
  and	
  33F	
  lines	
  from	
  my	
  co-­‐mentor	
  Dr.	
  Rowley’s	
  lab.	
  	
  	
  
HPS	
  19I	
  and	
  33F	
  are	
  isolated	
  from	
  healthy	
  donor	
  prostate	
  and	
  cultured	
  in	
  a	
  specific	
  
stromal	
  medium	
  without	
   immortalization	
  (4,6-­‐7).	
   	
  Dr.	
  Rowley’s	
  previous	
  work	
  has	
  
shown	
  these	
  two	
  HPS	
  lines	
  promote	
  development	
  of	
  normal	
  prostate	
  gland	
  function	
  
and	
   they	
   stimulates	
   paracrine	
   TGF-­‐β1	
   that	
   make	
   these	
   HPS	
   lines	
   to	
   become	
  
myofibroblasts	
  or	
  reactive	
  stromal	
  cells	
  by	
  using	
  3-­‐D	
  organoid	
  co-­‐culture	
  model	
  (7).	
  
Their	
   further	
   work	
   includes	
   generating	
   a	
   reactive	
   stroma	
   signature	
   by	
   using	
   co-­‐
culture	
   model	
   and	
   revealing	
   that	
   HPS-­‐cancer	
   cells	
   co-­‐culture	
   contributes	
   the	
  
Androgen	
  receptors	
  (AR)	
  pathway	
  through	
  activating	
  Stromal	
  TGF-­‐β	
  signaling	
  (6,8).	
  
There	
   is	
   still	
   no	
   report	
   about	
   how	
   HPS	
   19I/33F	
   promote	
   prostate	
   tumor	
  
progressive,	
   and	
   a	
   2-­‐D	
  model	
   is	
   not	
   yet	
   applied	
   in	
  HPS-­‐epithelial	
   cells	
   co-­‐culture.	
  
Therefore,	
   our	
   study	
   majorly	
   focuses	
   on	
   the	
   influence	
   of	
   HPS	
   on	
   tumor	
   cells	
  
aggressiveness	
  by	
  using	
  a	
  modified	
  2-­‐D	
  co-­‐culture	
  model.	
  	
  	
  
	
  
	
  	
  	
  	
  One	
   of	
   unique	
   characteristic	
   of	
   the	
   metastatic	
   gene	
   signature	
   that	
   we	
   use	
   to	
  
identify	
  SPANXB2	
  gene	
  is	
  tumor	
  microenvironment.	
  The	
  distinct	
  difference	
  between	
  
the	
  mouse	
  dorsal	
  prostate	
  and	
  subcutaneous	
  environment	
  makes	
  us	
  to	
  believe	
  that	
  
this	
  might	
  be	
   the	
  power	
   to	
  drive	
  a	
  different	
  metastasis	
  profile.	
   	
  Based	
  on	
   that,	
  we	
  
design	
   to	
   use	
   the	
   human	
   prostate	
   stromal	
   cells,	
   19I	
   or	
   33F,	
   to	
   build	
   the	
   stromal-­‐
epithelial	
   interaction	
  model	
   in	
  vitro	
   and	
  validate	
   the	
   SPANXB2	
  expression	
   level	
   in	
  
this	
   model.	
   Currently,	
   There	
   are	
   2-­‐D	
   and	
   3-­‐D	
   models	
   for	
   studying	
   the	
   stromal-­‐
epithelial	
   interaction	
   in	
   culture.	
   Although	
   2-­‐D	
   is	
   obviously	
   defective	
   in	
  
understanding	
  of	
  cells	
  architecture,	
  polarity	
  and	
  differentiation,	
  it	
  is	
  one	
  of	
  the	
  most	
  
valuable	
  reductionist	
  models	
  to	
  allow	
  more	
  straight	
  study	
  (5,9).	
  We	
  design	
  to	
  use	
  a	
  
mixed	
  culture	
  model	
   in	
   that	
   cancer	
  cells	
  and	
  stromal	
   cells	
  have	
  a	
  physical	
   contact	
  
instead	
  of	
  only	
  using	
  stromal	
  cells	
  conditional	
  medium	
  to	
  treat	
  cancer	
  cells.	
  In	
  order	
  
to	
  maximum	
  the	
  effect	
  of	
  co-­‐culture,	
  we	
  modify	
  this	
  model	
  by	
  introducing	
  a	
  second	
  
round	
  co-­‐culture	
  system.	
  Briefly,	
  after	
  mixed	
  co-­‐culture	
  48	
  hours	
  (usually	
  it	
  can	
  not	
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continue	
  to	
  co-­‐culture	
  these	
  cells	
  due	
  to	
  the	
  limited	
  medium	
  and	
  oxygen),	
  we	
  do	
  not	
  
terminate	
  co-­‐culture	
  but	
  we	
  separate	
  the	
  stromal	
  cells	
  and	
  cancer	
  cells	
  by	
  using	
  GFP	
  
based	
  FACS	
  sorting,	
  then	
  we	
  put	
  the	
  isolated	
  cancer	
  cells	
  back	
  to	
  a	
  new	
  stromal	
  cells	
  
dish	
   to	
   re-­‐start	
   a	
   co-­‐culture	
   (Figure	
   4).	
   By	
   using	
   this	
   modified	
   model,	
   we	
  
demonstrate	
  that	
  SPANXB2	
  level	
  is	
  increased	
  in	
  PC3	
  cells	
  upon	
  the	
  human	
  prostate	
  
stromal	
   (HPS)	
   cells	
   19I	
   cells	
   co-­‐culture	
   in	
   both	
   of	
   mRNA	
   level	
   and	
   protein	
   level	
  
(Figure	
  5	
  A-­‐B).	
   	
   Importantly,	
  both	
  of	
  real	
  time	
  PCR	
  data	
  and	
  Western	
  blotting	
  data	
  
show	
  a	
  greater	
   level	
  of	
  SPANXB2	
   in	
  PC3-­‐19I-­‐2R	
  (second	
  round	
  PC3-­‐19I	
  co-­‐culture	
  
cells)	
  than	
  the	
  first	
  round	
  of	
  PC3-­‐19I.	
  	
  	
  This	
  result	
  provides	
  a	
  strong	
  support	
  for	
  our	
  
modified	
  model	
  in	
  that	
  the	
  new	
  model	
  strengthens	
  the	
  power	
  of	
  stromal-­‐epithelial	
  
interaction.	
  	
  In	
  addition,	
  we	
  use	
  immunofluorescence	
  staining	
  of	
  SPANXB2	
  in	
  serial	
  
PC3-­‐19I	
   co-­‐culture	
   cells	
   as	
   well	
   as	
   C-­‐4-­‐2B	
   19I	
   co-­‐culture	
   cells	
   (Figure	
   7,	
   A-­‐C).	
   	
   A	
  
similar	
  result	
  is	
  obtained	
  in	
  this	
  experiment.	
  	
  Except	
  PC3	
  and	
  19I	
  co-­‐culture	
  model,	
  
we	
   also	
   check	
   a	
   few	
   of	
   different	
   prostate	
   cancer	
   cells	
   lines	
   with	
   human	
   prostate	
  
stromal	
  cells	
  19I	
  and	
  33F	
  (Figure	
  6).	
  	
  
	
  
	
  	
  	
  	
  	
  	
  	
  	
  The	
   functions	
   of	
   this	
   PC3-­‐19I	
   serial	
   co-­‐culture	
   are	
   examined	
   including	
  
proliferation,	
  migration,	
  and	
   invasion	
   in	
  (figure	
  8,	
  A-­‐D).	
   	
  33F,	
  another	
  HPS	
  cells,	
   is	
  
co-­‐cultured	
   with	
   PC3	
   and	
   DU145	
   cells	
   and	
   these	
   co-­‐cultures	
   also	
   indicate	
   a	
  
increasing	
  in	
  migration	
  and	
  invasion	
  (Figure	
  9).	
  Put	
  together,	
  these	
  results	
  illustrate	
  
that	
   co-­‐culture	
   with	
   cancer	
   cells	
   and	
   HPS	
   is	
   associated	
   with	
   the	
   increased	
  
aggressiveness	
   of	
   cancer	
   cells.	
   	
   Since	
   directly	
  mixed	
   co-­‐culture	
   (physical	
   contact)	
  
and	
  conditional	
  medium	
  based	
  (non-­‐physical	
  contact)	
  co-­‐culture	
  have	
  been	
  widely	
  
reported,	
   we	
   examine	
   the	
   effect	
   of	
   both	
   of	
  models	
   on	
   the	
   invasion	
   ability	
   of	
   PC3	
  
cells.	
   	
   Interestingly,	
  we	
   found	
   that	
   19I	
   conditional	
  medium	
   failed	
   to	
   promote	
   PC3	
  
invasion,	
  the	
  direct	
  mixture	
  of	
  PC3	
  and	
  19I	
  increased	
  the	
  invasion	
  (Figure	
  8,	
  E).	
  This	
  
result	
  implies	
  that	
  physical	
  contact	
  might	
  be	
  a	
  prerequisite	
  for	
  HPS	
  –cancer	
  cells	
  co-­‐
culture	
  model.	
  	
  In	
  addition	
  of	
  the	
  2D	
  co-­‐culture	
  model,	
  we	
  also	
  use	
  a	
  3-­‐D	
  co-­‐culture	
  
model:	
   Organoids	
   (7,9).	
   	
   In	
   this	
  model,	
   cancer	
   cells	
   and	
  HPS	
   cells	
  mixed	
   together	
  
(1:2)	
  and	
  put	
  the	
  upper	
   insert	
  which	
   is	
  placed	
   in	
  a	
  24	
  well	
  plates,	
  medium	
  will	
  be	
  
put	
   on	
   the	
   bottom	
   well.	
   	
   We	
   established	
   PC3	
   cells	
   and	
   a	
   few	
   of	
   other	
   cell	
   line	
  
organoids	
  model.	
   By	
   immunohistochemistry,	
   the	
   organoids	
   staining	
   indicates	
   that	
  
SPANXB2	
  positive	
  cells	
  are	
  mostly	
   located	
   in	
  epithelial	
   layer	
  but	
  not	
  stromal	
   layer	
  
(Figure	
  10).	
  	
  Due	
  to	
  deficiency	
  of	
  technique	
  to	
  isolate	
  cancer	
  cells	
  from	
  Organoids	
  at	
  
that	
   time,	
  we	
  did	
  not	
   do	
   further	
   analysis	
   of	
   how	
  much	
  of	
   SPANXB2	
   is	
   elevated	
   in	
  
these	
  co-­‐culture	
  cancer	
  cells	
  in	
  organoids.	
  	
  
	
  
	
  	
  	
  	
  It	
  has	
  been	
  largely	
  known	
  that	
  TGF-­‐β	
  is	
  widely	
  involved	
  in	
  modulating	
  stromal-­‐
epithelial	
  interaction	
  (10-­‐12).	
  However,	
  the	
  role	
  of	
  TGF-­‐β	
  in	
  regulating	
  prostate	
  
cancer	
  aggressiveness	
  is	
  still	
  inconsistent	
  (13,	
  14).	
  More	
  important,	
  there	
  is	
  still	
  
unclear	
  about	
  the	
  regulating	
  mechanism	
  of	
  SPANXB2.	
  	
  We	
  hypothesize	
  that	
  elevated	
  
TGF-­‐β	
  upon	
  the	
  stromal-­‐epithelial	
  interaction	
  regulates	
  SPANXB2	
  expression	
  and	
  
further	
  promote	
  prostate	
  cancer	
  aggressiveness.	
  We	
  reported	
  that	
  TGF-­‐β2	
  is	
  most	
  
potent	
  stimulator	
  to	
  induce	
  SPANXB2	
  mRNA	
  expression	
  when	
  I	
  applied	
  this	
  grant,	
  
now	
  we	
  further	
  confirm	
  that	
  TGF-­‐β2	
  increase	
  SPANXB2	
  protein	
  expression	
  in	
  PC3	
  
cells	
  (Figure	
  11,	
  B-­‐C).	
  	
  Since	
  we	
  anticipate	
  that	
  TGF-­‐β2	
  is	
  up-­‐regulated	
  upon	
  the	
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stromal-­‐epithelial	
  interaction,	
  we	
  use	
  TGF-­‐β2	
  ELISA	
  to	
  measure	
  the	
  TGF-­‐β2	
  level	
  in	
  
conditional	
  medium	
  from	
  either	
  serial	
  PC3-­‐19I	
  co-­‐culture	
  cells	
  or	
  directly	
  mixture	
  of	
  
PC3	
  cells	
  and	
  19I	
  cells	
  (Figure	
  11,	
  A).	
  The	
  ELISA	
  result	
  is	
  consistent	
  with	
  our	
  
prediction:	
  stromal-­‐epithelial	
  interaction	
  stimulates	
  TGF-­‐β2	
  production.	
  Since	
  both	
  
of	
  PC3-­‐19I	
  and	
  PC3-­‐19I-­‐2R	
  	
  	
  demonstrate	
  high	
  level	
  of	
  TGF-­‐β2	
  secreting,	
  it	
  suggests	
  
that	
  PC3	
  co-­‐culture	
  cells	
  be	
  the	
  main	
  source	
  of	
  secreting	
  TGF-­‐β2	
  but	
  not	
  the	
  stromal	
  
cells.	
  As	
  a	
  support	
  proof,	
  mixed	
  culture	
  of	
  PC3-­‐19I	
  with	
  19I	
  cells	
  does	
  not	
  produce	
  
dramatically	
  higher	
  level	
  of	
  TGF-­‐β2	
  than	
  that	
  of	
  PC3-­‐19I	
  only.	
  	
  In	
  addition,	
  because	
  
PC3-­‐19I	
  cells	
  actually	
  has	
  isolated	
  from	
  the	
  co-­‐culture	
  system	
  after	
  FACS	
  sorting,	
  it	
  
suggests	
  that	
  the	
  effects	
  of	
  stromal-­‐epithelial	
  interaction	
  may	
  not	
  be	
  a	
  transit	
  
influence	
  and	
  continue	
  to	
  impact	
  cells	
  after	
  cells	
  leaving	
  the	
  co-­‐culture	
  system.	
  	
  The	
  
function	
  of	
  TGF-­‐β2	
  on	
  prostate	
  cancer	
  invasion	
  and	
  metastasis	
  is	
  not	
  completely	
  
understand,	
  based	
  on	
  our	
  invasion	
  data	
  (Figure	
  11,	
  D)	
  ,	
  it	
  reveals	
  that	
  TGF-­‐β2	
  
significantly	
  improve	
  invasion	
  assay	
  in	
  PC3	
  cells	
  and	
  TGF-­‐β2	
  inhibitor	
  SB431542	
  
represses	
  the	
  invasion	
  phenotype.	
  	
  Since	
  IL-­‐6	
  has	
  been	
  reported	
  as	
  a	
  master	
  
regulator	
  in	
  tumor	
  microenvironment	
  and	
  tumor	
  metastasis	
  (8,15,16),	
  we	
  examine	
  
the	
  function	
  of	
  IL-­‐6	
  in	
  PC3	
  invasion	
  assay.	
  Similar	
  with	
  TGF-­‐β2,	
  IL-­‐6	
  enhances	
  the	
  
invasion	
  ability	
  of	
  PC3.	
  	
  Take	
  together,	
  we	
  conclude	
  that	
  cancer	
  cells	
  secrete	
  TGF-­‐β2	
  
after	
  exposure	
  to	
  stromal	
  cells;	
  elevated	
  TGF-­‐β2	
  increases	
  SPANXB2	
  level	
  and	
  drives	
  
cancer	
  cells	
  to	
  become	
  more	
  aggressive.	
  It	
  is	
  interesting	
  to	
  know	
  if	
  SPANXB2	
  has	
  
reciprocal	
  regulatory	
  mechanism	
  on	
  TGF-­‐β2.	
  	
  We	
  examine	
  the	
  TGF-­‐β2	
  level	
  in	
  
SPANXB2	
  knock	
  down	
  cells	
  by	
  real	
  time	
  PCR,	
  we	
  find	
  SPANXB2	
  knockdown	
  inhibits	
  
TGF-­‐β2	
  transcription	
  (Figure	
  11,	
  E),	
  it	
  reminds	
  that	
  SPANXB2	
  may	
  have	
  a	
  regulatory	
  
role	
  on	
  TGF-­‐β2	
  expression.	
  	
  
	
  
Summary of Key Research Accomplishments in this section 
	
  

1) Develop	
  the	
  techniques	
  of	
  culture	
  HPS	
  cells	
  and	
  establish	
  a	
  modified	
  2-­‐D	
  
stromal	
  cells	
  and	
  epithelial	
  co-­‐culture	
  model.	
  

2) Validate	
  that	
  HPS	
  co-­‐culture	
  induces	
  SPANXB2	
  expression.	
  	
  
3) Illustrate	
  that	
  HPS	
  co-­‐culture	
  promotes	
  prostate	
  cancer	
  cells	
  aggressiveness	
  

including	
  proliferation,	
  migration,	
  and	
  invasion.	
  	
  
4) Further	
  confirm	
  that	
  TGF-­‐β2	
  promotes	
  SPANXB2	
  expression.	
  	
  
5) Demonstrate	
  paracrine	
  of	
  TGF-­‐β2	
  upon	
  HPS	
  co-­‐culture.	
  	
  
6) 	
  Indicate	
  that	
  TGF-­‐β2	
  promotes	
  prostate	
  cancer	
  cells	
  invasion	
  ability.	
  	
  
7) Establish	
  the	
  correlation	
  among	
  SPANXB2,	
  HPS	
  co-­‐culture	
  and	
  prostate	
  

cancer	
  aggressiveness.	
  	
  	
  
8) By	
  using	
  a	
  3-­‐D	
  Organoid	
  model,	
  confirm	
  that	
  SPANXB2	
  expression	
  is	
  mainly	
  

from	
  cancer	
  epithelial	
  cells.	
  	
  
	
  
	
  
Aim	
  2:	
  Determine	
  the	
  association	
  of	
  SPANX-­‐B2	
  and	
  stroma	
  with	
  prostate	
  
cancer	
  metastasis	
  in	
  vivo.	
  
	
  
2a)	
  Assess	
  the	
  role	
  of	
  SPANX-­‐B2	
  in	
  regulating	
  metastasis	
  in	
  vivo.	
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  We	
  use	
  orthotopical	
  (mouse	
  dorsal	
  prostate	
  lobe	
  injection,	
  DP)	
  prostate	
  xenograft	
  
model	
  as	
  the	
   in	
  vivo	
  model	
  to	
  demonstrate	
  tumor	
  metastasis.	
  The	
  advantage	
  of	
  DP	
  
model	
   is	
   obviously	
   on	
   its	
   fidelity	
   to	
   full	
   mimic	
   human	
   tumor	
   metastasis.	
   They	
  
initially	
   form	
   a	
   prostate	
   tumor	
   and	
   then	
  metastasis	
   to	
   lung,	
   liver,	
   bone	
   and	
   even	
  
brain.	
   	
  In	
  our	
  previous	
  study,	
  DP	
  exhibits	
  a	
  much	
  stronger	
  metastasis	
  profiles	
  than	
  
these	
  mice	
  with	
  a	
  subcutaneous	
  injection.	
  Considered	
  the	
  major	
  point	
  we	
  care	
  is	
  the	
  
tumor	
  metastasis	
  but	
  not	
  the	
  primary	
  tumor	
  initiation	
  and	
  growth,	
  DP	
  model	
  might	
  
be	
  the	
  most	
  appropriated	
  model	
  to	
  meet	
  our	
  purpose.	
  	
  
	
  	
  	
  By	
   double	
   transfection	
   of	
   PC3	
   cells	
   with	
   luciferase	
   vector	
   and	
   GIPZ	
   SPANXB2	
  
knockdown	
   vector,	
   we	
   establish	
   the	
   luciferase	
   SPANXB2	
   knockdown	
   cells.	
   This	
  
allows	
  us	
  to	
  the	
  live	
  bioluminescent	
  images.	
  	
  We	
  injected	
  PC3-­‐NS,	
  PC3-­‐KD2	
  and	
  PC3-­‐
KD3	
  cells	
   into	
  mouse	
  DP,	
  meanwhile,	
  we	
  also	
  set	
  up	
  a	
  group	
   that	
  mixture	
  of	
  PC3-­‐
KD3	
  with	
  19I	
  cells	
  is	
  injected	
  into	
  mice	
  to	
  determine	
  whether	
  or	
  not	
  the	
  re-­‐adding	
  of	
  
19I	
   cells	
   rescue	
   the	
  mouse	
  phenotype	
  of	
   PC3-­‐KD3	
   cells.	
   	
   The	
   results	
   indicate	
   that	
  
SPANXB2	
   knockdown	
   suppresses	
   tumor	
   metastasis	
   (Figure	
   16,	
   A-­‐C).	
   Adding	
   19I	
  
cells	
  to	
  PC3-­‐KD3	
  cells	
  partially	
  rescue	
  the	
  metastasis	
  phenotype.	
  (Figure	
  16,	
  A).	
  	
  The	
  
GPP	
  whole	
  mount	
  lung	
  images	
  and	
  IHC	
  study	
  confirm	
  the	
  inhibition	
  of	
  metastasis	
  in	
  
live	
  images.	
  	
  
	
  
Summary of Key Research Accomplishments in this section 
	
  

1) Validate	
  that	
  SPANXB2	
  Knock	
  down	
  inhibits	
  tumor	
  metastasis	
  in	
  DP	
  model.	
  	
  
2) Adding	
  of	
  19I	
  cells	
  into	
  the	
  KD3	
  cells	
  may	
  rescue	
  the	
  inhibition	
  of	
  tumor	
  

metastasis	
  phenotype	
  in	
  DP	
  model.	
  	
  
	
  
	
  
	
  
2b)	
  Determine	
  the	
  influence	
  of	
  HPS	
  and	
  TGF-­‐β	
  on	
  modulating	
  SPANX-­‐B2	
  
expression/metastasis	
  in	
  vivo	
  
	
  
	
  	
  	
  	
  The	
  role	
  of	
  19I	
   in	
  promoting	
  tumor	
  progression	
  is	
  not	
  very	
  clear	
  neither	
   in	
  vitro	
  
nor	
  in	
  vivo.	
  	
  By	
  using	
  these	
  PC3-­‐19I	
  serial	
  co-­‐culture	
  cells,	
  we	
  demonstrate	
  that	
  19I	
  
promote	
   tumor	
  metastasis	
   in	
  PC3	
  DP	
  model	
   and	
  PC3-­‐19I-­‐2R	
  model	
   exhibits	
  more	
  
metastasis	
   than	
   that	
   of	
   PC3-­‐19I	
  model	
   (Figure	
   13).	
  We	
   also	
   observed	
   the	
   similar	
  
result	
   in	
   subcutaneous	
  models	
   (Figure	
   15,	
   A).	
  More	
   importantly,	
  western	
   blotting	
  
analysis	
  indicates	
  that	
  SPANXB2	
  level	
  is	
  up-­‐regulated	
  associated	
  with	
  adding	
  of	
  19I	
  
cells	
  in	
  both	
  of	
  DP	
  and	
  subcutaneous	
  model	
  (Figure	
  15,	
  B).	
  	
  It	
  is	
  clear	
  that	
  SPANXB2	
  
is	
  up-­‐regulated	
  upon	
  PC3-­‐19I	
  co-­‐culture	
  and	
  is	
  associated	
  with	
  tumor	
  metastasis.	
  	
  
	
  
	
  	
  	
  	
  	
  In	
   my	
   previous	
   DoD	
   pre-­‐Doc	
   fellowship	
   work,	
   we	
   found	
   that	
   TGF-­‐β2	
   level	
   is	
  
increased	
   in	
   DP	
   tumor	
   compared	
   with	
   the	
   subcutaneous	
   tumor,	
   and	
   TGF-­‐β2	
   is	
  
critical	
  in	
  regulating	
  tumor	
  metastasis.	
  	
  Since	
  we	
  thought	
  the	
  insufficiency	
  ability	
  to	
  
form	
   metastasis	
   in	
   subcutaneous	
   tumor	
   might	
   be	
   due	
   to	
   the	
   lack	
   of	
   TGF-­‐β2,	
   we	
  
design	
   an	
   experiment	
   by	
   adding	
   TGF-­‐β2	
   into	
   PC3	
   cells	
   in	
   subcutaneous	
   tumor	
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model.	
   As	
   the	
   result	
   shown,	
   supplement	
   of	
   TGF-­‐β2	
   significantly	
   increased	
   the	
  
metastasis	
  by	
  comparing	
  with	
  the	
  control	
  group	
  (Figure	
  14).	
  	
  	
  	
  
	
  	
  	
  
Summary of Key Research Accomplishments in this section 
	
  

1) Validate	
  that	
  HSP	
  19I	
  promotes	
  tumor	
  metastasis	
  in	
  both	
  of	
  DP	
  and	
  
subcutaneous	
  model.	
  	
  

2) Indicate	
  that	
  TGF-­‐β2	
  improves	
  tumor	
  metastasis	
  in	
  a	
  mouse	
  subcutaneous	
  
model.	
  	
  

3) Demonstrate	
  that	
  SPANXB2	
  is	
  increased	
  upon	
  PC3-­‐19I	
  co-­‐culture.	
  	
  
4) Suggest	
  the	
  association	
  between	
  up-­‐regulated	
  SPANXB2	
  that	
  is	
  induced	
  by	
  

19I	
  and	
  TGF-­‐β2	
  and	
  tumor	
  metastasis.	
  	
  
	
  
	
  
Aim	
  3:	
  	
  Test	
  the	
  association	
  of	
  SPANX-­‐B2	
  expression	
  with	
  biochemical	
  
recurrence	
  (PSA),	
  lymph	
  node	
  metastasis,	
  prostate	
  cancer	
  specific	
  death	
  and	
  
reactive	
  stroma	
  grade	
  (RSG).	
  	
  
	
  
	
  	
  	
  	
  	
  Due	
   to	
   moving	
   and	
   change	
   of	
   institution,	
   we	
   are	
   no	
   longer	
   to	
   access	
   the	
   BCM	
  
tissue	
   microarray	
   which	
   is	
   unique	
   to	
   provide	
   the	
   prostate	
   cancer	
   stromal	
   cells	
  
grade,	
  PSA	
  level	
  of	
  patients,	
  recording	
  of	
  lymph	
  node	
  metastasis	
  and	
  prostate	
  cancer	
  
specific	
  death	
  (17).	
  	
  Hence,	
  we	
  did	
  not	
  complete	
  this	
  part	
  of	
  work.	
  
	
  
	
  	
  	
  	
  	
  Instead	
   of	
   stromal	
   cells	
   tissue	
  microarray,	
   we	
   explore	
   the	
   association	
   between	
  
SPANXB2	
  and	
  reactive	
  stromas	
  by	
  using	
  real	
  time	
  PCR.	
  	
  We	
  analyze	
  19I	
  cells	
  and	
  19I	
  
cells	
  isolated	
  from	
  PC3-­‐19I	
  serial	
  co-­‐culture	
  system.	
  These	
  results	
  indicate	
  a	
  robust	
  
increase	
  of	
  reactive	
  stromas	
  markers	
  in	
  the	
  19I	
  cells	
  isolated	
  from	
  co-­‐culture	
  system	
  
(Figure	
  12,	
  A).	
  Moreover,	
  our	
  data	
  show	
  that	
  the	
  “	
  reactive	
  stromas	
  gene	
  signature”	
  
is	
  also	
  highly	
  up-­‐regulated	
   in	
  19I	
  cells	
  after	
  co-­‐culture	
   (Figure	
  12,	
  B).	
   	
  FAP	
  and	
  α-­‐
SMA	
   are	
   markers	
   of	
   myofibroblasts	
   and	
   the	
   increasing	
   of	
   these	
   two	
   markers	
  
strongly	
  suggests	
  that	
  there	
   is	
  an	
  accumulation	
  of	
  myofibroblasts	
   in	
  19I	
  cells	
  after	
  
co-­‐culture	
   (5,	
   18-­‐19).	
   Since	
   these	
   myofibroblasts	
   markers	
   are	
   also	
   predictive	
  
markers	
   for	
   cancer	
   malignance	
   in	
   multiple	
   type	
   of	
   tumors	
   (6,7),	
   it	
   predicts	
   that	
  
elevated	
   SPANXB2	
   level	
  which	
   is	
   associated	
  with	
   these	
  myofibroblasts	
  markers	
   is	
  
correlated	
  to	
  the	
  rate	
  of	
  cancer	
  progression.	
  	
  
	
  	
  	
  	
  
	
  	
  	
  	
  We	
   examine	
   the	
   SPANXB2	
   level	
   in	
   primary	
   prostate	
   tumors.	
   SPANXB2	
   is	
  
overexpressed	
  in	
  high	
  Gleason	
  tumor	
  samples	
  (Figure	
  17,	
  A).	
  We	
  further	
  check	
  the	
  
SPANXB2	
  level	
  in	
  Oncomine:	
  	
  in	
  Grasso	
  et	
  al	
  study,	
  SPANXB2	
  is	
  overexpressed	
  at	
  the	
  
metastatic	
   lesion	
   and	
   patients	
  with	
   a	
  worse	
   clinical	
   outcome	
   (Figure	
   17,	
   B-­‐C).	
   By	
  
using	
  the	
  TCGA	
  database,	
  we	
  find	
  the	
  13%	
  of	
  prostate	
  cancer	
  patients	
  overexpress	
  
SPANXB2	
  and	
  these	
  overexpressed	
  SPANXB2	
  patients	
  have	
  a	
  worse	
  survival	
  curve	
  
(Figure	
   17	
   D).	
   	
   In	
   summary,	
   these	
   data	
   support	
   that	
   SPANXB2	
   is	
   associated	
  with	
  
prostate	
  cancer	
  metastasis	
  and	
  clinical	
  outcome.	
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Summary of Key Research Accomplishments in this section 
	
  

1) Demonstrate	
  a	
  robust	
  increase	
  of	
  myofibroblasts	
  markers	
  and	
  reactive	
  
stroma	
  signature	
  in	
  19I	
  after	
  PC3-­‐19I	
  co-­‐culture.	
  	
  

2) Indicate	
  that	
  SPANXB2	
  level	
  is	
  up-­‐regulated	
  in	
  high	
  Gleason	
  tumor	
  samples	
  	
  
3) Demonstrate	
  that	
  SPANXB2	
  is	
  correlated	
  to	
  metastasis	
  and	
  patient	
  survival	
  

by	
  using	
  Oncomine	
  and	
  TCGA.	
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Figure	
  1	
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Figure	
  1.	
  	
  Establishment	
  of	
  PC3-­‐SPANXB2	
  Knock	
  down	
  stable	
  lines.	
  	
  A	
  Images	
  
of	
  SPANXB2	
  knockdown	
  cell	
  lines.	
  GFP	
  images	
  indicate	
  the	
  transfection	
  
efficiency.	
  	
  GIPZ	
  vector	
  are	
  purchased	
  form	
  Openbiosystems,	
  NS	
  is	
  the	
  non-­‐
silence	
  backbone	
  control,	
  	
  KD-­‐1	
  and	
  KD-­‐4	
  	
  are	
  two	
  different	
  knockdown	
  stable	
  
line;	
  	
  B:	
  SPANXB2	
  knock	
  down	
  effect	
  is	
  checked	
  by	
  real	
  time	
  PCR;	
  C:	
  Western	
  blot	
  
analyses	
  of	
  SPANXB2	
  levels	
  	
  in	
  NS	
  and	
  KD	
  cells.	
  Clones	
  of	
  KD2	
  and	
  KD3	
  
demonstrate	
  significantly	
  protein	
  level	
  reduction,	
  clone	
  KD3	
  indicates	
  more	
  
reduction	
  of	
  SPANXB2	
  protein	
  level	
  than	
  that	
  of	
  clone	
  KD3.	
  
	
  
	
  

C	
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  Figure	
  2:	
  	
  SPANXB2	
  Knock	
  down	
  inhibits	
  PC3	
  cells	
  proliferation	
  and	
  
migration.	
  	
  	
  A:	
  Knocking	
  down	
  of	
  SPANXB2	
  inhibits	
  PC3	
  cells	
  proliferation	
  
measured	
  by	
  using	
  MTT	
  kit;	
  B:	
  Blocking	
  of	
  SPANXB2	
  in	
  PC3	
  cells	
  impairs	
  its	
  
wound	
  healing	
  ability	
  in	
  a	
  48	
  hours	
  Scratch	
  Assay.	
  	
  
	
  

Figure	
  2	
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Figure	
  3	
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  Figure	
  3:	
  	
  SPANXB2	
  Knock	
  down	
  suppresses	
  PC3	
  cells	
  invasion.	
  	
  	
  A:	
  SPANXB2	
  KD2	
  knock	
  down	
  cells	
  
indicated	
  a	
  reduction	
  of	
  migration	
  and	
  invasion,	
  	
  	
  rescue	
  this	
  phenotype	
  by	
  co-­‐culture	
  of	
  KD2	
  cells	
  with	
  19I	
  
partially	
  restore	
  the	
  migration	
  and	
  invasion.	
  	
  25,000	
  of	
  PC3	
  NS,	
  KD2,	
  	
  KD2-­‐19I(	
  KD2	
  cells	
  co-­‐culture	
  with	
  
19I),	
  and	
  KD2+19I	
  (	
  KD2	
  and	
  19I	
  mixture,	
  1:1	
  ratio)	
  cells	
  are	
  plated	
  into	
  the	
  top	
  insert,	
  migration	
  and	
  
invasion	
  are	
  observed	
  after	
  22	
  hours.	
  	
  Top	
  image:	
  Represented	
  image	
  of	
  Invaded	
  cells	
  on	
  membrane.	
  	
  Left	
  
bar	
  graph:	
  	
  Migration	
  assay	
  of	
  KD2	
  cells;	
  right	
  bar	
  graph:	
  Invasion	
  assay	
  of	
  KD2	
  cells;	
  	
  B:	
  	
  SPANXB2	
  KD3	
  
knock	
  down	
  cells	
  demonstrate	
  significantly	
  decreasing	
  of	
  migration	
  and	
  invasion,	
  	
  	
  rescue	
  this	
  phenotype	
  by	
  
co-­‐culture	
  of	
  KD3	
  cells	
  with	
  19I	
  fails	
  to	
  improve.	
  Same	
  procedure	
  is	
  done	
  as	
  describe	
  in	
  A.	
  	
  Top	
  image:	
  
Represented	
  image	
  of	
  Invaded	
  cells	
  on	
  membrane.	
  	
  Left	
  bar	
  graph:	
  	
  Migration	
  assay	
  of	
  KD3	
  cells;	
  right	
  bar	
  
graph:	
  Invasion	
  assay	
  of	
  KD3	
  cells	
  
	
  

PC3-­‐NS	
   PC3-­‐KD2	
  

NS KD3
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  Figure	
  4:	
  	
  Schematic	
  chart	
  for	
  a	
  modified	
  prostate	
  cancer	
  cells	
  and	
  stromal	
  cells	
  directly	
  co-­‐
culture	
  model.	
  	
  HPS	
  19I	
  is	
  pre-­‐plated	
  in	
  dishes	
  24hrs	
  earlier,	
  then	
  GFP	
  labeled	
  PC3	
  is	
  plated	
  on	
  the	
  top	
  
of	
  19I	
  with	
  a	
  ratio	
  of	
  1:1.	
  	
  After	
  48	
  hrs	
  co-­‐culture,	
  mixture	
  of	
  cells	
  will	
  be	
  harvested	
  and	
  immediately	
  
pass	
  a	
  FACS	
  sorting.	
  	
  GFP+	
  cancer	
  cells	
  and	
  GFP-­‐	
  stromal	
  cells	
  will	
  be	
  isolated.	
  These	
  GFP+	
  cancer	
  cells	
  (	
  
PC3-­‐19I)	
  are	
  either	
  used	
  for	
  further	
  experiment	
  or	
  re-­‐plated	
  on	
  a	
  pre-­‐plated	
  stroml	
  cells	
  to	
  generate	
  a	
  
second	
  round	
  PC3-­‐19I	
  co-­‐culture	
  cells	
  (	
  PC3-­‐19I-­‐2R).	
  Protein	
  and	
  RNA	
  are	
  saved	
  in	
  each	
  steps.	
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  Figure	
  5:	
  	
  SPANXB2	
  is	
  induced	
  by	
  reactive	
  stromal	
  cells	
  co-­‐culture	
  in	
  PC3	
  cells.	
  	
  A:	
  	
  Real	
  time	
  PCR	
  
demonstrates	
  SPANXB2	
  mRNA	
  levels	
  are	
  increased	
  in	
  PC3	
  cells	
  after	
  serial	
  co-­‐culture	
  with	
  19I	
  and	
  33F	
  
cells,	
  **	
  	
  P	
  value	
  <	
  0.01	
  as	
  compared	
  with	
  endogenous	
  levels	
  in	
  PC3	
  cells;	
  B:	
  Western	
  blot	
  analyses	
  of	
  
SPANXB2	
  protein	
  expression	
  in	
  Mel	
  938	
  cells	
  (	
  positive	
  control),	
  	
  PC3	
  G/L	
  (	
  PC3	
  tagged	
  with	
  GFP	
  and	
  
Luciferase	
  vector,	
  the	
  parental	
  cells	
  of	
  PC3-­‐19I),	
  	
  PC3-­‐19I	
  and	
  PC3-­‐19I-­‐2R.	
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  Figure	
  6:	
  	
  SPANXB2	
  is	
  induced	
  upon	
  reactive	
  stroma	
  co-­‐culture	
  in	
  different	
  prostate	
  cancer	
  cells	
  
line.	
  	
  A:	
  	
  Real	
  time	
  PCR	
  demonstrates	
  SPANXB2	
  mRNA	
  levels	
  are	
  increased	
  in	
  Du145	
  and	
  LNCaP	
  cells	
  
upon	
  exposure	
  to	
  either	
  19I	
  or	
  33F;	
  B:	
  Western	
  blot	
  analyses	
  of	
  SPANXB2	
  protein	
  expression	
  in	
  C-­‐4-­‐2B	
  
and	
  C-­‐4-­‐2B-­‐19I.	
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  Figure	
  7:	
  	
  SPANXB2	
  level	
  is	
  increased	
  upon	
  reactive	
  stroma	
  co-­‐culture	
  in	
  different	
  prostate	
  
cancer	
  cells	
  line	
  by	
  immunofluorescence	
  staining.	
  	
  A:	
  	
  Characterization	
  of	
  SPANXB2	
  expression	
  in	
  
PC3,	
  19I	
  and	
  co-­‐culture	
  of	
  cells	
  using	
  anti-­‐SPANXB2	
  (red),	
  GFP	
  positive	
  PC3	
  cells	
  (green),	
  Dapi	
  (blue)	
  
staining	
  of	
  nucleus.	
  Merged	
  image	
  shows	
  SPANXB2	
  locates	
  in	
  both	
  of	
  nucleus	
  and	
  cytoplasm.	
  	
  
B:	
  SPANXB2	
  staining	
  in	
  two	
  positive	
  control	
  cell	
  lines	
  :	
  HSI1T	
  and	
  Mel	
  938,	
  and	
  19I	
  cells;	
  C:	
  	
  
immunofluorescence	
  staining	
  of	
  SPANXB2	
  expression	
  in	
  C-­‐4-­‐2B	
  and	
  C-­‐4-­‐2B-­‐19I.	
  	
  
	
  

A	
  

B	
   C	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Hangwen	
  Li	
  	
  	
  2014	
  Final	
  Report	
  	
  

	
   18	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  

A"

D"

B"

E"

0 hour 24 hours

PC3 GL

PC3-19I

PC3-19I-2R

C"

1 2 3 4
0

20000

40000

60000

80000

Days

C
el

ls
 C

ou
nt

s PC3-GL
PC3-19I
PC3-19I-2R

*
***
**

*

0

50

100

150

200

250

In
va

de
d 

C
el

ls

**

PC3 PC3-19I

PC3 PC3-19I

0.0

0.1

0.2

0.3

0.4

0.5

M
ig

ra
te

d 
C

el
ls

 (o
dd

)

PC3 PC3 19I PC3 19I-2R

**
*

Figure	
  8	
  
	
  	
  	
  	
  

	
  
	
  Figure	
  8:	
  Reactive	
  stroma	
  19I	
  cells	
  promote	
  	
  prostate	
  cancer	
  cells	
  proliferation,	
  migration,	
  
invasion	
  in	
  vitro.	
  	
  	
  A:	
  Serial	
  PC3-­‐19I	
  co-­‐culture	
  cells	
  indicate	
  higher	
  proliferation	
  ability	
  by	
  using	
  Cells	
  
population	
  doubling	
  counting	
  ;	
  B:	
  Serial	
  PC3-­‐19I	
  co-­‐culture	
  cells	
  exhibit	
  increased	
  migration	
  ability	
  by	
  
using	
  BD	
  transfer	
  well;	
  C:	
  :	
  Serial	
  PC3-­‐19I	
  co-­‐culture	
  cells	
  demonstrate	
  enhanced	
  wound	
  healing	
  ability	
  
by	
  using	
  	
  24	
  hours	
  Scratch	
  Assay;	
  D:	
  PC3-­‐19I	
  cells	
  show	
  improved	
  invasion	
  ability	
  by	
  using	
  BD	
  invasion	
  
kit,	
  the	
  top	
  images	
  show	
  representative	
  invaded	
  cells	
  of	
  PC3	
  and	
  PC3-­‐19I	
  respectively;	
  E:	
  	
  19I	
  
conditional	
  medium	
  solely	
  failed	
  to	
  promote	
  invasion	
  ability	
  of	
  PC3	
  cells	
  compared	
  with	
  co-­‐culture	
  cells	
  
(	
  19I	
  and	
  PC3	
  mixture).	
  	
  Experimental	
  condition	
  as	
  from	
  left	
  to	
  right:	
  	
  PC3	
  control	
  group;	
  50,000	
  of	
  PC3	
  
are	
  input	
  in	
  top	
  well	
  and	
  plain	
  medium	
  (	
  no	
  serum)	
  in	
  the	
  bottom	
  well;	
  middle,	
  50,000	
  of	
  PC3	
  are	
  input	
  
in	
  top	
  well	
  and	
  19I	
  conditional	
  medium	
  in	
  the	
  bottom	
  well;	
  right,	
  50,000	
  of	
  PC3	
  and	
  50,	
  000	
  of	
  19I	
  cells	
  
are	
  mixed	
  and	
  input	
  into	
  the	
  top	
  well	
  and	
  plain	
  medium	
  in	
  the	
  bottom	
  well,	
  	
  on	
  this	
  group,	
  only	
  the	
  
epithelial	
  cells	
  are	
  counted	
  as	
  invaded	
  cells	
  (	
  as	
  the	
  dark	
  blue	
  dot	
  in	
  the	
  top	
  images).	
  	
  The	
  top	
  images	
  are	
  
reprehensive	
  images	
  of	
  invaded	
  cells	
  on	
  membrane	
  from	
  each	
  groups	
  (	
  from	
  left	
  to	
  right,	
  PC3	
  control,	
  
19I	
  CM,	
  and	
  PC3-­‐19I	
  mixture).	
  	
  Only	
  the	
  co-­‐culture	
  group	
  shows	
  an	
  increased	
  invasion	
  ability;	
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  Figure	
  8:	
  Reactive	
  stroma	
  19I	
  or	
  33F	
  cells	
  promote	
  prostate	
  cancer	
  cells	
  migration	
  and	
  invasion.	
  	
  	
  
A:	
  	
  PC3-­‐33F	
  co-­‐culture	
  cells	
  exhibit	
  an	
  enhanced	
  migration	
  and	
  invasion	
  ability.	
  These	
  GFP	
  images	
  on	
  
the	
  top	
  left	
  show	
  the	
  representative	
  image	
  of	
  invasion	
  membrane	
  from	
  PC3	
  wild	
  type	
  (	
  left)	
  and	
  PC3-­‐33F	
  
(	
  right)	
  respectively;	
  	
  	
  B)	
  Du145-­‐33F	
  co-­‐culture	
  cells	
  demonstrate	
  increased	
  invasion	
  ability.	
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  Figure	
  10:	
  	
  SPANXB	
  expression	
  in	
  Prostate	
  cancer	
  cells	
  /stoma	
  co-­‐culture	
  model	
  II	
  –	
  Organoids	
  
	
  A)	
  is	
  the	
  cartoon	
  model	
  of	
  the	
  epithelial-­‐stoma	
  interaction	
  Organoid.	
  	
  Prostate	
  cancer	
  cells	
  are	
  mixed	
  with	
  
HSP	
  cells	
  (	
  1:2	
  ratio)	
  and	
  plated	
  into	
  the	
  top	
  insert,	
  	
  the	
  insert	
  is	
  immersed	
  into	
  the	
  cup	
  which	
  is	
  filled	
  with	
  
medium.	
  	
  After	
  72	
  hours	
  incubation,	
  a	
  3-­‐D	
  organoid	
  will	
  be	
  formed.	
  Epithelial	
  cells	
  are	
  located	
  inside	
  as	
  	
  the	
  
internal	
  core	
  and	
  the	
  stromal	
  cells	
  are	
  surrounding	
  the	
  epithelial	
  cells	
  to	
  form	
  the	
  outside	
  layer;	
  B)	
  Phase	
  
and	
  GFP	
  Image	
  of	
  one	
  Organoid	
  formed	
  by	
  PC3-­‐GFP	
  cells	
  with	
  19I	
  cells.	
  C)	
  Immune	
  staining	
  for	
  SPANXB	
  in	
  a	
  
PC3-­‐19I	
  Organoid	
  model,	
  	
  the	
  top	
  images	
  	
  are	
  SPANXB2	
  staining	
  (	
  red	
  color)	
  in	
  human	
  testis	
  which	
  is	
  the	
  
positive	
  control	
  for	
  SPANXB2,	
  the	
  middle	
  images	
  indicate	
  that	
  SPANXB	
  positive	
  cells	
  are	
  enriched	
  in	
  the	
  
internal	
  layer,	
  the	
  bottom	
  images	
  reveal	
  that	
  epithelial	
  cells	
  are	
  located	
  in	
  the	
  inside	
  layer	
  by	
  using	
  a	
  Pan-­‐
keratin	
  staining.	
  	
  SPANXB2	
  positive	
  cells	
  may	
  mostly	
  come	
  from	
  epithelial	
  cells.	
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  Figure	
  11:	
  	
  TGF-­‐β2	
  is	
  elevated	
  in	
  19I	
  co-­‐culture	
  system	
  and	
  contributes	
  to	
  stimulate	
  SPANXB2	
  
expression	
  and	
  promote	
  invasion.	
  	
  A:	
  ELISA	
  results	
  demonstrate	
  that	
  TGF-­‐β2	
  level	
  is	
  significantly	
  up-­‐
regulated	
  in	
  serial	
  PC3-­‐19I	
  co-­‐culture	
  cells	
  and	
  	
  mixed	
  culture	
  of	
  PC3	
  and	
  19I	
  cells.	
  Two	
  types	
  of	
  conditional	
  
medium	
  are	
  collected:	
  conditional	
  medium	
  from	
  PC3,	
  PC3-­‐19I	
  serial	
  co-­‐culture	
  cells;	
  or	
  conditional	
  medium	
  
from	
  mixed	
  culture	
  of	
  PC3,	
  PC3-­‐19I	
  serial	
  co-­‐culture	
  cells	
  with	
  19I	
  cells	
  (	
  19I	
  cells	
  are	
  pre-­‐plated	
  in	
  dishes,	
  then	
  
cancer	
  cells	
  are	
  plated	
  on	
  the	
  top	
  of	
  19I	
  cells,	
  conditional	
  medium	
  is	
  harvested	
  after	
  48	
  hours.	
  	
  These	
  CM	
  have	
  a	
  
underline	
  marker	
  “	
  +19I”	
  in	
  figure);	
  Another	
  human	
  prostate	
  stromal	
  cell	
  line,	
  33F	
  ,	
  is	
  also	
  applied	
  in	
  the	
  same	
  
procedure	
  as	
  that	
  of	
  19I	
  to	
  establish	
  PC3-­‐33F	
  serial	
  co-­‐culture	
  cells	
  and	
  mixed	
  culture	
  cells.	
  Conditional	
  
medium	
  also	
  is	
  collected	
  from	
  these	
  cells;	
  B:	
  Exogenous	
  TGF-­‐β2	
  promotes	
  SPANXB2	
  expression	
  in	
  PC3	
  cells	
  by	
  
q-­‐PCR.	
  	
  Two	
  dose	
  (10ng/ml	
  and	
  30ng/ml)	
  of	
  	
  TGF-­‐β1	
  and	
  TGF-­‐β2	
  are	
  added	
  into	
  PC3	
  cells	
  culture	
  respectively.	
  
TGF-­‐β2	
  increases	
  SPANXB2	
  level	
  in	
  both	
  of	
  low	
  and	
  high	
  dose,	
  	
  while	
  TGF-­‐β1	
  only	
  increases	
  SPANXB2	
  
expression	
  in	
  a	
  higher	
  does;	
  	
  C:	
  Western	
  blotting	
  analysis	
  shows	
  SPANXB2	
  level	
  is	
  elevated	
  upon	
  a	
  higher	
  dose	
  
of	
  TGF-­‐β2	
  treatment	
  in	
  PC3	
  cells;	
  	
  D:	
  Exogenous	
  TGF-­‐β2	
  and	
  IL-­‐6	
  facilitate	
  PC3	
  cells	
  invasion	
  and	
  TGF-­‐β2	
  
inhibitor	
  suppresses	
  PC3	
  invasion.	
  By	
  using	
  invasion	
  transwell,	
  50,000	
  of	
  PC3	
  cells	
  are	
  put	
  into	
  top	
  insert,	
  
vehicle	
  control,	
  IL-­‐6	
  (10ug/ml),	
  TGF-­‐β2	
  (	
  30ng/ml	
  )are	
  in	
  the	
  bottom	
  well	
  to	
  attract	
  cancer	
  cells.	
  	
  SB431542,	
  a	
  
TGF-­‐β2	
  inhibitor,	
  is	
  added	
  into	
  the	
  PC3	
  cells	
  in	
  the	
  top	
  insert.	
  	
  The	
  top	
  panel	
  of	
  images	
  are	
  the	
  represented	
  
image	
  (	
  2x	
  and	
  20X)	
  of	
  invaded	
  cells	
  on	
  the	
  membrane.	
  Bottom	
  is	
  the	
  bar	
  graph	
  of	
  the	
  invaded	
  cells	
  which	
  is	
  
counted	
  by	
  GFP	
  dots.	
  E:	
  	
  Real	
  time	
  PCR	
  reveals	
  that	
  SPANXB2	
  may	
  regulate	
  TGF-­‐β2	
  and	
  IL-­‐6	
  expression	
  in	
  PC3	
  
cells.	
  Knocking	
  down	
  of	
  SPANXB2	
  inhibits	
  IL-­‐6	
  and	
  TGF-­‐β2	
  mRNA	
  expression	
  but	
  increase	
  CD24	
  expression	
  by	
  
using	
  real	
  time	
  PCR.	
  	
  Note:;	
  *	
  p	
  value	
  <	
  0.05**	
  	
  ;	
  P	
  value	
  <	
  0.01.	
  
	
  

Figure	
  11	
  
	
  	
  	
  	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Hangwen	
  Li	
  	
  	
  2014	
  Final	
  Report	
  	
  

	
   22	
  

	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  

0

10

20

30

40

50

Fo
ld

 c
ha

ng
e 

of
 E

xp
re

ss
io

n 

VIM

19
I

19
I-P
C3

19
I-P
C3
-2
R

19
I-R
W
PE

** **

**

0

50

100

150

200

IL-11

Fo
ld

 c
ha

ng
e 

of
 E

xp
re

ss
io

n 

19
I

19
I-P
C3

19
I-P
C3
-2
R

19
I-R
W
PE

**

0

500

1000

1500

FAP

Fo
ld

 c
ha

ng
e 

of
 E

xp
re

ss
io

n 

19
I

19
I-P
C3

19
I-P
C3
-2
R

19
I-R
W
PE

**

**

0

1

2

3

4

tgfbr2

Fo
ld

 c
ha

ng
e 

of
 E

xp
re

ss
io

n 

19
I

19
I-P
C
3

19
I-P
C
3-
2R

19
I-R
W
PE

**

****

A"

B"

Figure	
  12	
  
	
  	
  	
  	
  

Figure	
  12:	
  PC3-­‐19I	
  co-­‐culture	
  system	
  promotes	
  19I	
  cells	
  become	
  more	
  “	
  reactive”	
  A	
  :	
  Markers	
  of	
  
Reactive	
  stromal	
  genes	
  including	
  FAP,	
  α-­‐SMA	
  (	
  ACTA2),	
  VIM,	
  IL-­‐11,	
  tgfbr1	
  and	
  tgfbr2	
  	
  are	
  significantly	
  
up-­‐regulated	
  in	
  19I	
  cells	
  isolated	
  from	
  PC3-­‐19I	
  serial	
  co-­‐culture.	
  19I-­‐RWPE	
  cells	
  are	
  used	
  as	
  another	
  
control	
  since	
  they	
  are	
  the	
  stromal	
  cells	
  generated	
  from	
  co-­‐culture	
  of	
  19I	
  with	
  the	
  benign	
  prostate	
  cells	
  
RWPE-­‐1.	
  19I-­‐PC3	
  and	
  19I-­‐PC3-­‐2R	
  are	
  19I	
  cells	
  isolated	
  from	
  PC3-­‐19I	
  serial	
  co-­‐culture	
  respectively.	
  By	
  
using	
  real	
  time	
  PCR,	
  mRNA	
  level	
  of	
  these	
  markers	
  are	
  significantly	
  increased	
  in	
  19I	
  isolated	
  from	
  PC3-­‐
19I	
  serial	
  co-­‐culture	
  compared	
  with	
  19I	
  wild	
  type	
  and	
  19I-­‐RWPE;	
  	
  B:	
  “	
  Reactive	
  Stromal	
  Gene	
  
Signature”	
  	
  is	
  consistently	
  up-­‐regulated	
  in	
  19I	
  isolated	
  from	
  PC3-­‐19I	
  serial	
  co-­‐culture.	
  	
  	
  A	
  “	
  Reactive	
  
Stromal	
  Gene	
  Signature”	
  has	
  been	
  identified	
  in	
  Dr.	
  Rowley’s	
  lab	
  from	
  19I	
  stromal	
  cells.	
  By	
  using	
  real	
  
time	
  PCR,	
  	
  5	
  of	
  genes	
  from	
  these	
  signatures	
  indicate	
  a	
  higher	
  expression	
  level	
  in	
  19I-­‐PC3	
  and	
  19I	
  by	
  
compared	
  with	
  19I	
  and	
  19I-­‐RWPE.	
  Especially,	
  GLI2	
  show	
  the	
  most	
  prominent	
  high	
  expression	
  level	
  in	
  
these	
  “	
  reactive”	
  stromal.	
  .	
  	
  Note:;	
  *	
  p	
  value	
  <	
  0.05**	
  	
  ;	
  P	
  value	
  <	
  0.01.	
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Figure	
  13:	
  Reactive	
  stroma	
  19I	
  cells	
  promote	
  prostate	
  cancer	
  cells	
  metastasis	
  in	
  
orthotopical	
  model.	
  A:	
  Serial	
  PC3-­‐19I	
  co-­‐culture	
  cells	
  show	
  greater	
  metastasis	
  profiles	
  in	
  
Orthotopical	
  model	
  (	
  dorsal	
  prostate	
  injections):	
  	
  	
  of	
  serial	
  PC3-­‐19I	
  co-­‐culture	
  cells	
  indicates	
  
amPC3	
  serial	
  co-­‐culture	
  cells	
  exhibits	
  more	
  aggressive	
  metastasis	
  by	
  using	
  	
  dorsal	
  prostate	
  
injection	
  model.	
  500,000	
  of	
  PC3,	
  PC3-­‐19I	
  and	
  PC3-­‐19I-­‐2R	
  (	
  1:1	
  ratio	
  mixed	
  with	
  Matrigel)	
  were	
  
orthotopically	
  injected	
  and	
  Bioluminescent	
  images	
  depicting	
  lung	
  metastasis	
  	
  after	
  6	
  weeks.	
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Figure	
  14:	
  TGF-­‐β2	
  stimulates	
  prostate	
  cancer	
  cells	
  metastasis	
  in	
  subcutaneous	
  model.	
  
25,000	
  of	
  PC3-­‐GFP	
  cells	
  are	
  injected	
  subcutaneous	
  with	
  Matrigel	
  (	
  1:1)	
  	
  (	
  left	
  group)	
  or	
  with	
  
Matrigel	
  and	
  TGF-­‐β2	
  (	
  right	
  )	
  into	
  mouse	
  flank	
  of	
  NOD/SCID	
  mice.	
  After	
  4	
  weeks	
  of	
  injection,	
  Lung	
  
is	
  harvested	
  and	
  green	
  fluorescence	
  whole	
  mount	
  image	
  is	
  taken.	
  GFP	
  dots	
  represent	
  PC3	
  GFP	
  cells	
  
lung	
  metastasis.	
  The	
  bottom	
  table	
  indicates	
  the	
  total	
  lung	
  metastasis	
  rate	
  in	
  eight	
  mice	
  on	
  each	
  
group.	
  	
  
	
  



	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Hangwen	
  Li	
  	
  	
  2014	
  Final	
  Report	
  	
  

	
   25	
  

	
  
	
  
	
  
	
  

	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

	
  
	
  

SQ#5#S##

PC3+HPS19I 

Lung#5#S##

PC3 PC3+HPS19I PC3 

Figure	
  15	
  
	
  	
  	
  	
  

Figure	
  15:	
  Reactive	
  stroma	
  19I	
  cells	
  promote	
  prostate	
  cancer	
  cells	
  metastasis	
  in	
  
subcutaneous	
  model.	
  	
  A	
  :	
  Lucifierase	
  vector)	
  	
  were	
  	
  subcutaneous	
  co-­‐injected	
  with	
  Matrigel	
  (	
  1:1)	
  
in	
  a	
  	
  total	
  	
  80	
  ul	
  into	
  mouse	
  flank	
  in	
  NOD/SCID	
  mice.	
  	
  PC3	
  G/L	
  co-­‐injected	
  with	
  Matrigel	
  (	
  1:1)	
  in	
  a	
  	
  
total	
  	
  80	
  ul	
  into	
  mouse	
  flank	
  was	
  used	
  as	
  a	
  control.	
  	
  After	
  4	
  weeks	
  of	
  injection,	
  Live	
  luciferase	
  
images	
  were	
  taken	
  after	
  post	
  injection	
  of	
  substrate	
  15	
  mins	
  ,	
  the	
  exposure	
  time	
  is	
  5second.	
  	
  (	
  Right)	
  	
  
Metastasis	
  from	
  lung	
  was	
  imaged.	
  Notice	
  :	
  same	
  mice	
  from	
  the	
  left	
  side.	
  	
  	
  Exposure	
  time	
  is	
  5	
  
seconds.	
  	
  B:	
  Boosting	
  prostate	
  cancer	
  cells	
  metastasis	
  by	
  reactive	
  stroma	
  19I	
  cells	
  is	
  associated	
  
with	
  elevated	
  SPANXB2	
  level.	
  	
  500,000	
  of	
  PC3	
  cells	
  are	
  injected	
  into	
  either	
  mouse	
  dorsal	
  prostate	
  (	
  
DP)	
  or	
  mouse	
  flank	
  subcutaneously	
  (	
  SQ)	
  with/without	
  adding	
  19I.	
  Primary	
  DP	
  and	
  subcutaneous	
  
tumors	
  are	
  harvest	
  and	
  western	
  blotting	
  analysis	
  are	
  perform	
  by	
  using	
  represented	
  tumor	
  
samples.	
  	
  	
  
	
  
	
  	
  

A	
  

B	
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Figure	
  16:	
  Knocking	
  down	
  SPANXB2	
  attenuates	
  tumor	
  metastasis.	
  A:	
  Two	
  clones	
  of	
  SPANXB2	
  
knock	
  down	
  cells	
  indicate	
  reduced	
  level	
  of	
  metastasis	
  in	
  PC3	
  orthotopical	
  model:	
  250,000	
  of	
  PC3-­‐
NS,	
  PC3-­‐KD2,	
  PC3-­‐KD3,	
  and	
  PC3-­‐KD3+19I	
  (	
  KD3	
  cells	
  and	
  19I	
  mixture,	
  ratio	
  1:1)	
  cells	
  were	
  injected	
  
into	
  mouse	
  dorsal	
  prostate	
  in	
  NOD/SCID	
  mice,	
  Bioluminescent	
  images	
  indicate	
  	
  lung	
  metastasis	
  	
  
after	
  7	
  weeks;	
  	
  B:	
  Green	
  fluorescence	
  	
  whole	
  mount	
  images	
  indicate	
  that	
  lung	
  metastasis	
  is	
  
suppressed	
  in	
  PC3-­‐KD3	
  mouse.	
  	
  NS	
  and	
  KD3	
  mice	
  are	
  described	
  as	
  above	
  and	
  lungs	
  are	
  harvested	
  
after	
  8	
  weeks;	
  C:	
  Immunohistochemistry	
  image	
  of	
  	
  metastatic	
  lesion	
  in	
  PC3	
  NS	
  vs	
  KD3	
  orthotopic	
  
models.	
  Top:	
  HE	
  staining	
  for	
  metastasis	
  lesion	
  in	
  Lung,	
  Liver	
  ,	
  Pancreas	
  (	
  left	
  to	
  right);	
  bottom:	
  	
  GFP	
  
staining	
  for	
  metastasis	
  lesion	
  in	
  Lung,	
  Liver	
  ,	
  Pancreas	
  (	
  left	
  to	
  right),	
  arrows	
  show	
  the	
  GFP	
  staining	
  
of	
  metastatic	
  lesion.	
  	
  
	
  
	
  
	
  	
  

Figure	
  16	
  
	
  	
  	
  	
  A	
  

B	
   C	
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Figure	
  17:	
  SPANXB2	
  level	
  is	
  up-­‐regulated	
  in	
  malignant	
  clinical	
  prostate	
  patient	
  samples	
  and	
  
associated	
  with	
  	
  patient’s	
  survival.	
  	
  A:	
  SPANXB2	
  protein	
  level	
  is	
  higher	
  in	
  high	
  Gleason	
  patient	
  samples	
  
than	
  these	
  of	
  normal	
  and	
  low	
  Gleason	
  samples.	
  	
  These	
  clinical	
  samples	
  were	
  fresh	
  samples	
  directly	
  from	
  
surgeon	
  after	
  a	
  rapid	
  pathological	
  diagnosis.	
  	
  From	
  left	
  to	
  right,	
  	
  normal,	
  low	
  Gleason	
  (	
  Gleason	
  3	
  ),	
  	
  high	
  
Gleason	
  (	
  Gleason	
  7);	
  B)	
  SPANXB2	
  Expression	
  is	
  increased	
  more	
  in	
  metastasis	
  sites	
  than	
  that	
  of	
  normal	
  
prostate	
  and	
  primary	
  tumor	
  site	
  by	
  using	
  	
  Grasso	
  et	
  al	
  data	
  from	
  Oncomine.	
  Prostate	
  cancers	
  	
  are	
  grouped	
  
by	
  tumor	
  sites:	
  0	
  represents	
  benign	
  patients	
  (	
  7	
  samples),	
  1	
  represents	
  primary	
  tumor	
  site	
  (	
  12	
  samples);	
  	
  2	
  
represents	
  metastasis	
  sites	
  (	
  11	
  samples).	
  	
  SPANXB2	
  shows	
  higher	
  expression	
  in	
  metastasis	
  sites;	
  	
  C:	
  
SPANXB2	
  Expression	
  is	
  increased	
  in	
  patients	
  with	
  a	
  worse	
  clinical	
  outcome	
  compared	
  with	
  that	
  in	
  patients	
  
with	
  a	
  better	
  clinical	
  outcome	
  by	
  using	
  Grasso	
  et	
  al	
  data	
  from	
  Oncomine.	
  	
  Prostate	
  cancers	
  are	
  	
  grouped	
  by	
  
survival:	
  0	
  represent	
  better	
  survival	
  outcome,	
  	
  1	
  represent	
  dead;	
  	
  SPANXB2	
  level	
  is	
  elevated	
  in	
  group	
  1:	
  D:	
  
Patients	
  with	
  overexpression	
  of	
  SPANXB2	
  had	
  a	
  worse	
  survival	
  outcome	
  compared	
  with	
  these	
  patients	
  with	
  
less	
  expression	
  of	
  SPANXB2.	
  	
  By	
  using	
  TCGA	
  data	
  base,	
  SPANXB2	
  is	
  over	
  expressed	
  in	
  11%	
  of	
  prostate	
  
cancer	
  samples	
  and	
  the	
  survival-­‐curve	
  is	
  representing	
  as	
  the	
  group	
  of	
  patients	
  with	
  an	
  overexpression	
  
SPANXB2	
  level	
  vs	
  groups	
  of	
  patients	
  with	
  normal	
  SPANXB2	
  level	
  ;	
  E:	
  Working	
  model	
  for	
  SPANXB2	
  and	
  	
  
activated	
  stromas	
  in	
  prostate	
  cancer	
  progression.	
  	
  In	
  this	
  model,	
  we	
  hypothesis	
  that	
  prostate	
  cancer	
  cells	
  
interact	
  with	
  surrounding	
  stromal	
  cells,	
  these	
  interaction	
  might	
  be	
  predispose	
  to	
  active	
  SPANXB2	
  in	
  
prostate	
  cancer	
  cells.	
  Increased	
  level	
  of	
  SPANXB2	
  promotes	
  cancer	
  progression	
  and	
  metastasis.	
  	
  Meanwhile,	
  
the	
  interaction	
  between	
  cancer	
  cells	
  and	
  stromal	
  cells	
  also	
  stimulates	
  these	
  “	
  reactive	
  stromal	
  genes”	
  
expression	
  in	
  these	
  stromal	
  cells.	
  	
  
	
  

Figure	
  17	
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  Conclusion	
  
	
  
	
  	
  	
  	
  	
  	
  SPANXB2	
  is	
  up-­‐regulated	
  upon	
  stromal-­‐epithelial	
  interaction	
  and	
  plays	
  critical	
  
role	
  in	
  regulating	
  prostate	
  cancer	
  progression.	
  Reactive	
  human	
  stromal	
  cells	
  
promote	
  SPANXB2	
  expression	
  and	
  are	
  associated	
  with	
  the	
  rate	
  of	
  prostate	
  cancer	
  
aggressiveness.	
  	
  Elevated	
  TGF-­‐β2	
  is	
  in	
  prostate	
  cancer	
  cells	
  after	
  exposure	
  to	
  human	
  
stromal	
  cells	
  induces	
  SPANXB2	
  expression	
  and	
  promotes	
  cancer	
  progression.	
  	
  
Overexpression	
  of	
  SPANXB2	
  in	
  clinical	
  prostate	
  patients	
  is	
  associated	
  to	
  the	
  
metastasis	
  and	
  survival	
  outcome.	
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