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ummary
ackground:  Scirrhous  gastric  cancer  is  associated  with  peritoneal  dissemination  and  advanced
ymph node  metastasis  from  an  early  stage,  and  the  prognosis  is  still  poor.  In  this  study,  we  aimed
o analyze  candidate  molecules  for  targeted  therapy  of  scirrhous  gastric  cancer.  We  searched
or molecules/metabolic  activity  that  might  be  predominantly  expressed  in  a  subpopulation  of
cirrhous gastric  cancer  cells  and  might  function  as  cancer  stem  cell  markers.
esults:  For  this  purpose,  we  investigated  the  expression  of  various  cell  surface  markers  and
f aldehyde  dehydrogenase  (ALDH)  activity.  These  analyses  showed  that  the  scirrhous  gastric
ancer cell  lines  HSC-58  and  HSC-44PE  heterogeneously  expressed  CD13,  while  CD44,  CDCP1,
pCAM and  ABCG2  were  expressed  uniformly.  Moreover,  10%  of  the  total  HSC-58  cell  popula-
ion expressed  ALDH  enzyme  activity.  A  subpopulation  of  cells  strongly  positive  for  ALDH  also
xpressed  high  levels  of  CD13,  both  of  which  are  known  as  cancer  stem  cell  markers.  HSC-
8 cells  expressing  high  levels  of  CD13  showed  lower  sensitivity  to  a  cancer  drug  cisplatin

han cells  with  low  levels  of  CD13.  In  contrast,  CD13-high subpopulation  of  HSC-58  was  more

ensitive to  an  aminopeptidase  N  inhibitor  bestatin.  In  terms  of  antibody-drug  therapy,  anti-

D13-immunotoxin  was  highly  cytotoxic  towards  HSC-58  cells  and  was  more  cytotoxic  than
nti-EpCAM-immunotoxin.
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Conclusion:  These  data  suggest  that  CD13  is  a  suitable  cell  surface  candidate  for  targeted
antibody-drug  therapy  of  scirrhous  gastric  cancer.
© 2015  Elsevier  Masson  SAS.  All  rights  reserved.
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positive  cells  were  set  using  a  control  sample  of  the  iso-
Introduction

Although  the  prevalence  of  gastric  carcinoma  has  recently
shown  a  gradual  decrease,  this  cancer  still  accounts  for  a
significant  proportion  of  cancer-related  deaths  in  Japan.
Early  detection  and  prevention  of  metastasis  of  this  can-
cer  is  essential  in  order  to  improve  the  cure  rate.  Scirrhous
gastric  cancer,  known  as  diffusely  infiltrative  carcinoma,
Borrmann’s  type-IV  carcinoma,  or  linitis  plastica-type  car-
cinoma,  is  characterized  clinically  as  having  the  worst
prognosis  among  the  various  types  of  gastric  cancer,  because
it  is  frequently  associated  with  metastases  to  lymph  nodes
and  peritoneal  dissemination.  Scirrhous  gastric  cancer,
which  represents  approximately  10%  of  gastric  carcinomas,
shows  a  5-year  survival  rate  of  less  than  17%,  compared
with  35  to  70%  for  other  types  of  gastric  cancers  [1]. Var-
ious  treatments,  such  as  chemotherapy,  hormonal  therapy,
hyperthermia,  and  immunotherapy  have  been  tested  for
effectiveness  against  peritoneal  metastasis  from  scirrhous
gastric  cancer,  but  the  results  have  been  unsatisfactory  [2].
Chemotherapy  plays  a  significant  role  in  the  treatment  of
such  gastric  cancer.  However,  the  prognosis  of  advanced  gas-
tric  cancer  is  still  poor  and  treatment  is  usually  unsuccessful.
There  is  therefore  an  urgent  need  for  development  of  an
effective  treatment  for  such  patients.

Stem  cells  constitute  the  source  of  cell  populations  in
the  tissues  of  each  organ  and  exhibit  self-renewal  ability
and  multi-differentiation  potential.  In  the  case  of  cancer,
a  subpopulation  of  cancer  cells  that  exhibit  the  proper-
ties  of  stem  cells  are  also  present  in  cancer  tissues.  These
so-called  cancer  stem  cells  (CSCs)  were  first  reported  in
acute  leukemia  [3],  and  it  later  became  clear  that  CSCs
are  also  present  in  solid  tumors  such  as  breast  cancer  and
brain  tumors  [4,5].  CSCs  have  been  proposed  to  be  the  root
cause  of  cancer  growth  and  to  be  drug-resistant.  Attempts
to  identify  CSCs  have  been  made  based  on  their  expression
of  cell  surface  molecules  or  on  their  intracellular  metabolic
activity,  by  analysis  of  both  primary  tumor  specimens  and
established  cell  lines.  Currently,  there  are  reports  of  defini-
tive  CSC  markers  in  digestive  cancers  such  as  colorectal
cancer,  liver  cancer,  and  pancreatic  cancer  [6—8].  Among
various  cell  surface  markers  for  the  identification  of  CSCs,
Haraguchi  et  al.  identified  CD13  as  functional  marker  that
can  be  used  to  identify  potentially  dormant  liver  CSCs  [9].
However,  there  have  been  few  clear  definitive  CSC  mark-
ers  in  upper  gastrointestinal  cancers  such  as  in  esophagus  or
stomach  cancers.

The  first  aim  of  this  study  was  therefore  to  determine  the
contribution  of  CD13  in  scirrhous  gastric  cancer  cell  lines.  We

analyzed  these  cells  for  CD13  and  other  cell  surface  anti-
gens  and  metabolic  enzyme  activity  that  were  considered
as  possible  candidate  CSC  markers  by  using  flow  cytometry
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10]. The  second  aim  of  this  study  was  to  assess  whether
ntibody-mediated  drug/toxin  conjugates  (immunotoxins)
argeted  towards  CD13  on  scirrhous  gastric  cancers,  would
how  enhanced  antitumor  effect  against  scirrhous  gastric
ancer.

aterials and methods

ell  lines  and  cell  culture

he  scirrhous  gastric  cancer  cell  lines  HSC-58,  HSC-44PE,
8As1  and  44As3  were  previously  established  from  the  ascitic
uid  of  patients  with  scirrhous  gastric  carcinoma  [11].
he  stomach  adenocarcinoma  MKN-7,  MKN-45  and  signet-
ing  cell  carcinoma  KATO-III  were  obtained  from  JCRB  Cell
ank  (Osaka,  Japan)  [12]. These  cells  were  maintained  in
PMI1640  medium  (Sigma,  St.  Louis,  MO)  supplemented  with
0%  fetal  calf  serum  (Gibco  Life  Technologies;  Grand  Island,
Y),  antibiotics  and  sodium  pyruvate  (Gibco).  The  cultures
ere  maintained  at  37 ◦C  in  an  atmosphere  of  5%  CO2 in  air,
nd  were  propagated  as  low  adhesion  cultures  at  the  bottom
f  plastic  dishes.

low  cytometric  analysis

he  following  antibodies  were  used  for  flow  cytometric
nalysis  of  cells:  anti-CD24-FITC,  anti-CD44-FITC,  anti-
D90-FITC,  anti-CD133-PE,  anti-MDR1-PE,  anti-EpCAM-PE,
nti-CD13-PE  (all  from  eBioscience,  San  Diego,  CA)  and
nti-CDCP1-FITC  and  anti-ABCG2-PE  (both  from  BioLegend,
an  Diego,  CA).  Cells  were  incubated  with  the  indicated
ntibodies  for  60  min  and  were  then  washed  twice  with
BS  containing  2%  FCS.  Flow  cytometric  analysis  was  per-
ormed  using  a  FACS-Calibur  (BD  Immunocytometry  Systems,
ranklin  Lakes,  NJ).

ldehyde  dehydrogenase  assay

ldehyde  dehydrogenase  (ALDH)  activity  in  the  cancer  cells
as  assayed  using  the  ALDEFLUOR® substrate  according  to

he  manufacturer’s  protocol  (StemCell  technologies,  Van-
ouver,  Canada).  Specimens  that  were  analyzed  for  ALDH
ctivity  were  counter-stained  with  anti-CD13-PE  at  the
ppropriate  dilution.  Non-viable  cells  were  eliminated  using
ropidium  iodide  (Sigma).  The  specific  flow  gates  for  ALDH
ated  tumor  cells  in  which  ALDH  activity  was  inhibited  with
iethylaminobenzaldehyde  (DEAB).  Subsequent  flow  cytom-
try  runs  were  used  to  identify  populations  of  cells  with
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igh  ALDH  activity  (ALDH-high)  and  those  that  expressed  the
urface  marker  CD13  (aminopeptidase  N;  APN)  (CD13+).

agnetic  cell  sorting  and  cancer  drug  sensitivity  of
SC-58 cells

or  the  separation  of  HSC-58  cells  with  various  cell  surface
evels  of  CD13,  cell  suspensions  of  HSC-58  were  incubated
ith  purified  anti-CD13  antibody  (low-endotoxin,  azide-

ree,  BioLegend)  and  microbeads  with  bound  anti-mouse
gG  (Miltenyi  Biotech,  Bergisch  Gladbach,  Germany)  on  ice
or  1  hour.  After  washing  with  PBS,  cells  were  placed  in  an
utoMACS  cell  separator  (Miltenyi  Biotech)  according  to  the
anufacturer’s  instructions.  Cells  with  high  or  low  levels  of
D13  were  sorted  and  collected  separately,  and  sorted  cells
ere  washed  and  resuspended.  To  test  cancer  drug  sensi-

ivity,  the  cells  were  plated  into  a  96-well  flat  microplate
t  4  ×  104 cells/well.  A  two-fold  dilution  series  of  cisplatin
CDDP,  initial  concentration;  1.0  �g/mL)  and  four-fold  dilu-
ion  series  of  bestatin  (ubenimex,  initial  concentration;
.0  �g/mL)  were  made,  and  the  cells  were  cultured  in  the
ndicated  concentrations  of  drugs  at  37 ◦C  in  5%  CO2 for

 days.  Viable  cells  were  counted  after  staining  with  the
lamarBlue® reagent  (AbD  Serotec,  Oxford,  UK).  Data  were
nalyzed  and  represented  by  using  GraphPad  Prism  software
er.  4.0.

argeted  delivery  of  immunotoxin  into  HSC-58  cells

SC-58  cells  were  seeded  at  a  density  of  5000  cells/well  in
6-well  culture  plates.  Cells  were  incubated  with  anti-CD13,
nti-EpCAM  or  isotype  control  IgG  (1  �g/mL  for  all)  and  sub-
equently  saporin-conjugated  anti-mouse  IgG  Ab  (MAb-ZAP,
dvanced  Targeting  Systems,  San  Diego,  CA)  was  added  at

 concentration  that  varied  from  37  to  500  ng/mL.  Cell  via-
ility  was  determined  after  5  days  using  the  AlamarBlue®

eagent.

esults

eterogeneous  expression  of  CD13  in  scirrhous
astric cancer  HSC-58  cells

e  first  examined  HSC-58  cells  for  the  expression  of  var-
ous  cell  surface  molecules  including  CD44,  CD90,  CD133,
DCP1,  MDR1,  ABCG2,  CD13  and  CD24  that  were  previously
eported  as  CSC  markers  by  others  [13—15].  As  shown  in
ig.  1A,  there  was  absolutely  no  expression  of  CD90,  CD133,
DR1  or  CD24  in  the  HSC-58  cells,  but  CDCP1,  ABCG2  and
D44  were  uniformly  positive.  In  contrast,  only  CD13  showed
eterogeneous  expression  in  HSC-58.  We  next  examined
he  expression  of  CD13  on  various  human  gastric  scirrhous
nd  adenocarcinoma  cell  lines  (Fig.  1B).  We  found  that
D13  was  expressed  on  scirrhous  gastric  cell  lines  (HSC-58,
8As1,  HSC-44PE  and  44As3)  but  not  on  well-differentiated

ubular  adenocarcinoma  cell  line  MKN-7  and  poorly  differ-
ntiated  adenocarcinoma  cell  line  MKN-45.  The  KATO-III
erived  from  signet-ring  cell  carcinoma  was  also  negative
or  CD13.  Interestingly,  highly  metastatic  cell  lines  58As1

a
e
C
C
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nd  44As3  isolated  from  HSC-58  and  HSC-44PE,  respectively,
ere  strongly  positive  for  CD13.

Several  studies  reported  that  ABCG2  is  a  more  reliable
ell  surface  marker  to  identify  CSCs  [16—20],  we  then  exam-
ned  whether  ABCG2  would  be  useful  for  the  identification  of
SCs  in  scirrhous  gastric  cancers.  However,  ABCG2  expressed
eakly  only  on  HSC-58  and  44As3  but  not  on  HSC-44PE  and
8As1  (Fig.  1C).  These  results  suggested  that  CD13  might  be
seful  as  a  certain  subpopulation  of  scirrhous  gastric  cancer
ells.

ldehyde  dehydrogenase  activity  in  HSC-58  cells

ell  populations  highly  expressed  ALDH  were  previously
eported  to  be  considered  to  have  characteristics  of  CSCs  in
astric  cancers  [21,22]. We  next  examined  ALDH  expression
n  two  different  scirrhous  gastric  cancer  cell  lines  (HSC-
8  and  HSC-44PE)  and  KATO-III,  using  flow  cytometry.  We
ound  that  10.4%  of  HSC-58  cells  expressed  ALDH,  whereas
.8%  and  1.6%  of  HSC-44PE  and  KATO-III  cells,  respectively
xpressed  ALDH  (Fig.  2).  These  data  supported  ALDH  expres-
ion  as  a  marker  for  identification  of  CSCs  in  HSC-58  cells.

hemosensitivity  of  CD13high cell  population  of
SC-58 cells

e  then  investigated  whether  a  population  of  HSC-58  cells
hat  express  high  ALDH  activity  could  also  express  any  of  the
ell  surface  CSC  candidates  identified  above.  HSC-58  cells
ere  evaluated  by  flow  cytometry  using  a  fluorescent  sub-

trate  for  assay  of  ALDH  activity  and  using  PE-conjugated
ntibodies  against  cell  surface  molecules  such  as  CD44,
BCG2  and  CD13  [4,9,15—20].  The  population  of  cells  that
as  strongly  positive  for  ALDH  also  expressed  high  levels
f  CD13  (Fig.  3A),  but  no  correlation  was  found  between
LDH  activity  levels  and  CD44  or  ABCG2  levels  (data  not
hown).  We  then  investigated  the  drug  sensitivity  of  CD13high

nd  CD13low subpopulations  of  HSC-58  cells  by  analysis  of
he  growth  inhibitory  effect  of  different  concentrations  of
isplatin,  which  is  widely  used  clinically  as  an  anticancer
gent.  As  shown  in  Fig.  3B,  the  CD13high HSC-58  subpopula-
ion  showed  lower  sensitivity  to  cisplatin  (CI50;  411  ng/mL)
han  the  CD13low cells  (CI50;  106  ng/mL).  In  order  to  confirm
he  contribution  of  CD13  in  drug  resistance  of  scirrhous  can-
er  cell  lines,  we  tested  the  inhibitory  effect  of  APN/CD13
nhibitor,  bestatin,  on  the  growth  of  HSC-58.  As  shown  in
ig.  3C,  the  CD13high HSC-58  subpopulation  showed  higher
ensitivity  to  bestatin  than  the  CD13low cells.  These  results
ay  support  that  a  drug-resistant  property  of  cancer  cells
ight  be  correlated  with  high  levels  of  CD13.

D13  targeted  immunotoxin

or  further  investigation  of  the  potential  ability  of  CD13  to
nternalize  toxic  drugs  in  HSC-58  cells,  we  next  examined
he  cytotoxicity  of  antibody  drug  conjugates  targeted

gainst  CD13  or  EpCAM  Ab  on  HSC-58  cells.  Prior  to  these
xperiments,  we  confirmed  the  expression  of  EpCAM  and
D13  by  flow  cytometry  (Fig.  4A).  As  shown  in  Fig.  4B  and
,  the  saporin-conjugated  second  antibody  was  cytotoxic
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Figure  1  Flow  cytometric  analysis  of  the  expression  of  various  cell  surface  molecules  on  human  scirrhous  and  adenocarcinoma
gastric cancer  cell  lines.  A.  Expression  of  CD24,  CD90,  CD44  and  CDCP1  (upper  panels)  and  CD133,  MDR1,  ABCG2,  and  CD13  (lower
panels) on  scirrhous  gastric  cancer  HSC-58  are  analyzed  by  flow  cytometry  and  shown  as  histograms.  Open  histograms  indicate  the
cells stained  with  mouse  isotype  control  IgG1.  And  shaded  histograms  show  the  cells  stained  with  various  antibodies  as  indicated.  B.
Expression of  CD13  on  gastric  cancer  cell  lines,  HSC-58,  58As1,  HSC-44PE  and  44As3  (scirrhous  cancers;  upper  panels)  and  KATO-III,
MKN-7 and  MKN-45  (adenocarcinomas;  lower  panels).  C.  Expression  of  ABCG2  on  scirrhous  gastric  cancer  cell  lines  are  shown  as
histograms.
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Figure  2  Characterization  of  aldehyde  dehydrogenase  (ALDH)  activity  and  CD13  expression  of  HSC-58  cells.  ALDH  expression  was
assayed in  the  human  gastric  cancer  cell  lines  HSC-58  (left  panels)  and  HSC-44PE  (middle  panels),  and  in  the  stomach  signet-ring  cell
carcinoma cell  line  KATO-III  (right  panels)  by  staining  with  the  ALDH  substrate  ALDEFLUOR® (BAAA;  BODIPY® aminoacetaldehyde)  in
t alde
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he presence  or  absence  of  the  ALDH  inhibitor  diethylaminobenz
xes denote  expression  intensity.

owards  HSC-58  cells  that  had  bound  anti-CD13  Ab,  in
 saporin-conjugated  antibody  dose-dependent  manner.
owever,  the  saporin-conjugated  second  antibody  was  not
ytotoxic  towards  HSC-58  cells  to  which  the  anti-EpCAM  Ab
as  bound.  These  data  show  that  CD13  is  a  suitable  cell

urface  candidate  for  targeted  antibody-drug  therapy  of
cirrhous  gastric  cancer.

iscussion

umerous  reports  have  shown  that  a  small  subset  of  can-
er  cells  bears  drug-resistance  and  stem  cell  properties  and
hat  these  cells  are  referred  to  as  cancer  stem  or  stem-like
ells  (CSCs),  or  as  tumor-initiating  cells  (TICs).  CSC  iden-
ification  was  first  attempted  in  acute  leukemia,  and  was
hen  later  attempted  for  many  types  of  cancers,  however,

o  CSCs  have  been  validated  in  scirrhous  gastric  cancer
ell  lines.  Li  et  al.  reported  that  CSCs  could  be  identi-
ed  in  pancreatic  cancers  based  on  the  high  expression
f  CD44,  CD24  and  ESA  on  their  cell  surface  [8]. Other

g
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t
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hyde  (DEAB),  followed  by  FACs  analysis.  Horizontal  and  vertical

tudies  have  shown  that  CD133  is  a  marker  for  CSCs  of
reast,  colon,  lung,  ovary,  pancreas  and  prostate  cancers
6,23—27]. In  addition  to  these  markers,  overexpression  of
ell  surface  transport  proteins  including  MDR-1  and  ABCG2
re  related  to  the  multidrug-resistance  property  of  CSCs
28,29].  We  therefore  tried  to  identify  CSCs  in  the  scirrhous
astric  cancer  cell  line  HSC-58  using  antibodies  against  var-
ous  cell  surface  CD  antigens  such  as  CD24,  CD44,  CD90,
D133,  CDCP1,  CD13,  ABCG2  and  MDR-1,  using  flow  cytome-
ry.  Unexpectedly,  most  of  these  cell  surface  markers  were
ither  not  expressed  or  were  uniformly  expressed,  except
or  CD13  that  was  heterogeneously  expressed.  The  het-
rogeneous  expression  of  CD13  was  also  found  in  HSC-58
nd  HSC-44PE  cells.  Interestingly,  highly  metastatic  cell  line
8As1  (derived  from  parental  HSC-58)  caused  fatal  can-
erous  peritonitis  and  bloody  ascites  expressed  extremely
igh  levels  of  CD13.  In  contrast,  KATO-III  with  weak  tumori-

enicity  in  nude  mice  lacked  the  expression  of  CD13.  It is
nticipated  that  tumorigenic  properties  of  scirrhous  gas-
ric  cancer  cell  lines  might  be  related  with  the  CD13high

opulation.
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Figure  3  ALDH  activity  and  CD13  expression  of  HSC-58  cells.  A.  HSC-58  cells  were  analyzed  for  ALDH  activity  as  in  the  legend  of
Fig.  2,  and  were  also  analyzed  by  FACS  for  CD13  expression.  Horizontal  axes  denote  the  expression  intensity  of  ALDH  activity,  the
vertical axes  denote  CD13  expression  (upper  panels).  The  shaded  histogram  indicates  CD13  expressing  cells  with  low  ALDH  activity.
The open  histogram  (thick  line)  indicates  CD13  expressing  cells  with  high  ALDH  activity.  B,  C.  Drug  sensitivity  test  of  HSC-58  cells
sorted into  CD13-high (open  circles)  and  CD13-low populations  (closed  circles).  HSC-58  cells  were  separated  by  AutoMACS  and  sorted
cells are  exposed  to  the  indicated  concentrations  of  cisplatin  (B)  or  bestatin  (C)  for  5  days  following  which  viable  cells  were  counted
by fluorescence  analysis  of  reduction  of  the  AlamarBlue® reagent.  Data  are  analyzed  and  represented  by  GraphPad  Prism  ver.  4.0
software.
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Figure  4  Targeted  delivery  of  an  immunotoxin  into  HSC-58  cells.  A.  Expression  of  CD13  and  EpCAM  on  HSC-58  cells  as  analyzed  by
flow cytometry.  B.  Cytotoxicity  of  a  saporin-conjugated  second  antibody  targeted  against  anti-CD13,  anti-EpCAM  antibody  or  control
IgG bound  to  HSC-58  cells  was  assayed  using  fluorescence  analysis  of  reduction  of  the  dye  AlamarBlue®.  The  horizontal  axis  denotes
the concentration  of  the  saporin  immunotoxin.  The  vertical  axis  indicates  cell  survival.  C.  Phase-contrast  images  of  representative
cells treated  with  isotype  control  IgG  (negative  control;  top  right),  isotype  control  IgG  plus  saporin-conjugated  second  antibody
(bottom left)  and  anti-CD13  IgG  plus  saporin-conjugated  second  antibody  (bottom  right)  for  5  days.
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Aminopeptidase  N  (APN/CD13)  as  a  target  molecule  for  scirr

Another  commonly-used  cancer  and  normal  hematopoi-
etic  stem  cell  marker  is  ALDH,  which  is  an  intracellular
enzyme  that  is  involved  not  only  in  retinoic  acid  and  ethanol
metabolism  but  also  in  resistance  to  alkylating  cancer  drugs
[30].  It  has  been  shown  that  high  ALDH  expression  corre-
lates  with  tumorigenic  potential  and  poor  prognosis  in  breast
cancer  patients  [10].  We  therefore  determined  expression
of  the  metabolic  marker  ALDH  in  HSC-58  cells.  Previous
reports  have  shown  that  expression  of  CD44,  or  of  an  alter-
natively  spliced  variant  of  CD44  (CD44R),  and  of  ABCG2
strongly  contribute  to  cellular  resistance  against  various
anticancer  drugs  [31,32].  Based  on  our  data,  it  is  unlikely
that  ALDH  activity  is  correlated  with  the  expression  of  these
cell  surface  molecules  in  the  scirrhous  gastric  cancer  cell
line  HSC-58.  However,  we  observed  that  approximately  10%
of  the  HSC-58  cells  expressed  high  levels  of  ALDH  activity.
This  cell  population  that  was  enriched  for  ALDH  activity  was
almost  identical  to  the  CD13high population.  A  significantly
greater  number  of  the  CD13high and  ALDHhigh cell  popula-
tion  of  HSC-58  survived  chemotherapy  with  CDDP  relative
to  the  CD13low and  ALDHlow cell  population.  In  our  prelimi-
nary  data,  CD13  expression  on  HSC-58  cells  was  increased  by
treatment  with  anticancer  agents  including  doxorubicin  and
decitabine  (data  not  shown).  These  data  suggest  that  CD13
is  one  of  candidates  that  can  be  used  as  a  marker  to  enrich
a  cell  population  containing  putative  CSCs.

CD13  is  an  abundant  myeloid  differentiation  antigen
that  is  also  expressed  on  non-hematopoietic  cells.  Several
reports  have  shown  a  relationship  between  CD13  and  can-
cer  [9,33].  CD13  is  thought  to  play  an  important  role  in
protein  digestion  and  also  to  decompose  type-4  collagen
and  confer  an  extra-cellular  matrix  metastasizing  ability
on  tumor  cells.  Moreover,  CD13  is  expressed  by  endothelial
cells  in  the  process  of  neovascularization  and  can  contribute
to  enhancement  of  tumor  metastasis  and  invasion,  indicat-
ing  that  CD13  expression  is  a  candidate  for  contribution
to  the  poor  prognosis  of  cancers  [34,35].  Indeed,  some
inhibitors  with  CD13-inhibiting  properties  have  entered  anti-
cancer  clinical  trials.  Thus,  Bestatin  (ubenimex),  which
was  originally  described  as  an  immunomodulant,  inhibits
aminopeptidase  activity,  and  several  clinical  trials  targeted
towards  hematological  malignancies  have  been  conducted
with  this  agent.  A  survival  benefit  of  ubenimex  has  been
demonstrated  in  acute  myeloid  leukemia  and  lymphomas
[36].  Additionally,  various  clinical  studies  have  been  con-
ducted  with  ubenimex  in  non-hematopoietic  cancers  such
as  lung,  bladder,  head  and  neck,  esophagus  and  skin  [37]. As
shown  in  Fig.  3C,  bestatin  exhibited  antiproliferative  effect
of  HSC-58  cells  in  vitro  and  CD13high cell  population  of  HSC-
58  was  more  sensitive  to  bestatin  than  CD13low HSC-58  cells.
Furthermore,  curcumin  is  a  natural  phenolic  product  iso-
lated  from  turmeric  that  has  been  reported  to  inhibit  CD13
[38].  The  inhibition  of  CD13  by  curcumin  is  greater  than  that
by  bestatin,  consequently  curcumin  is  currently  being  inves-
tigated  for  its  effect  on  patients  with  breast,  prostate  and
pancreatic  cancer  [39—42].  These  results  indicate  that  CD13
is  associated  with  cell  growth,  invasion  and  metastasis  of
various  cancers  and  suggest  that  CD13  is  a  suitable  target

for  anticancer  therapy.

Antibody  targeting  of  cell  surface  molecules  that  are
overexpressed  in  cancer  cells  compared  to  normal  cells
is  effective  for  cancer  therapy.  Currently,  more  than  30
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herapeutic  monoclonal  antibodies  have  been  approved
or  clinical  applications  against  cancers  [43,44].  Novel
trategies  of  conjugation  of  drugs  or  radioactive  agents
o  such  antibodies  are  particularly  promising  therapeutic
pproaches.  Several  drug-conjugated  antibodies  specific  for
D33,  CD20,  HER2  and  CD22  are  currently  being  tested  in
linical  trials  [45,46].  However,  not  all  antibodies  that  bind
o  cell  surface  molecules  are  suitable  for  use  as  therapeutic
rug  conjugates.  This  is  because,  in  order  for  delivery  of  the
rug/cytotoxic  agent  that  is  bound  to  the  antibody  into  the
ells,  it  is  essential  that  the  drug-conjugated  antibody  be
nternalized  together  with  the  cytotoxic  agent  into  the  can-
er  cells.  There  has  so  far  been  no  investigation  regarding
he  usefulness  of  CD13  for  drug-conjugated  antibody  ther-
py.  In  order  to  investigate  this  possibility,  we  analyzed  the
ytotoxicity  of  immunotoxin  (saporin)  conjugated  anti-CD13
ntibody  treatment  of  HSC-58  cells  in  vitro.  As  shown  in
ig.  4,  the  efficiency  of  in  vitro  toxin  delivery  into  HSC-58
ells  was  higher  for  anti-CD13  antibody  in  combination  with
aporin-conjugated  anti-mouse  IgG  than  for  the  control  IgG,
nd  its  efficacy  increased  in  a  saporin-conjugated  antibody
ose-dependent  manner.  As  compared  with  anti-CD13/APN
nhibitors  such  as  bestatin  and  curcumin,  the  advantage  of
nti-CD13  antibody  conjugate  therapy  is  more  specific  and
ffective  against  scirrhous  gastric  cancer  HSC-58.

The  efficacy  of  the  anti-CD13  antibody  for  toxin  deliv-
ry  is  in  contrast  to  that  of  the  anti-EpCAM  antibody.
hus,  although  EpCAM  is  highly  expressed  in  HSC-58  cells,

mprovement  of  toxin  delivery  compared  to  control  IgG  using
he  anti-EpCAM  antibody  is  quite  low.  Low  efficiency  of
pCAM-targeted  immunotoxin  might  be  due  to  the  lack  of
nternalization  property  of  anti-EpCAM  antibody.  The  higher
fficacy  of  the  anti-CD13  antibody  may  be  due  to  the  fact
hat  CD13  has  been  characterized  as  a  cellular  receptor  for
oronavirus  and  cytomegalovirus  infection,  indicating  that
D13  can  efficiently  deliver  the  virus  protein  into  the  cells
47]. The  antibody  to  CD13  can  function  as  an  artificial  lig-
nd  that  can  mimic  a  natural  viral  CD13  ligand  against  both
D13high and  CD13low cell  population  of  HSC-58  cells,  indicat-

ng  that  anti-CD13  antibody-mediated  intracellular  delivery
f  immunotoxin  may  be  therapeutically  effective  against
cirrhous  gastric  cancer.  We  are  also  planning  to  investigate
he  therapeutic  effect  of  anti-CD13  immunoliposome  con-
aining  curcumin  against  scirrhous  gastric  cancer  xenograft.

In  conclusion,  the  data  of  this  study  suggest  the  pos-
ibility  that  a certain  cell  population  of  scirrhous  gastric
ancers  with  drug-resistance  express  CD13  that  it  may  also
unction  as  a  target  for  cancer  therapy.  However,  further
nvestigation  is  needed  to  clarify  the  contribution  of  CD13
o  CSC  function  and  to  corroborate  the  role  of  CD13  in  drug-
esistance  or  tumor  activity  by  analysis  of  clinical  specimens
f  scirrhous  gastric  cancers.
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