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         Many  articles  on  the  subject  of  colon  cancer
begin  by  noting  that  the  disease  continues  to  be  a
major  cause  of  tumor  mortality  in  the  United  States
and  other  countries.  Despite  attempts  at  reduction,
the  incidence  of  this  disease  is  still  high  in  Western
populations  and  is  increasing  in  some  Eastern
countries.    Chemoprevention    of    this    disease
therefore  continues  to  be  an  important  public  health
objective.    Among    recent    chemopreventive
approaches,  an  increased  intake  of  calcium  and
vitamin   D   continues   to   be   evaluated   in   both
preclinical  and  clinical  studies.  Many  experimental
findings,  as  described  below,  have  indicated  real
associatio  ns  between  high  calcium  and  vitamin  D
intake  and  decreased  risk  for  colorectal  c  ancer.

BASIC  STUDIES  OF  CALCIUM  METABOLISM
Calcium  is  both  an  essential  structural  body
component  and  a  critical  functional  element  in
living  cells.  It  is  a  key  component  for  maintaining
cell  structure,  membrane  viscosity  or  rigidity,  and
the   related   membrane   permeability   is   partly
dependent  on  local  calcium  concentration.  Calcium
is  also  a  pivotal  regulator  of  a  wide  variety  of  cell
functions  in  its  role  as  a  major  second  messenger[1].
          Among  the  numerous  cell  properties  modulated
by  calcium,  its  participation  in  cell  division  and  the
regulation  of  cell  proliferation  and  differentiation
are   particularly   important[2].   Low   levels   of
intracellular  ionized  calcium  contribute  to  cell
proliferation,  and  increasing  calcium  concentration
in  cell  and  organ  culture  media  decreased  cell
proliferation;  and  induced  cell  differentiation  in  rat
esophageal   epithelial   cells[3],   murine   epidermal
cells[4],  mammary  cells[5,6],  and  colon  cells[7].
         The  absorption  and  metabolism  of  calcium  are

carefully  regulated,  1,  25-dihydroxyvitamin  D3  is  an
important  calcium  modulator  that  can   become
deficient  as  a  consequence  of  inappropriate  diet  or
inadequate  exposure  to  sunlight.  Therefore  vitamin
D3  also  may  have  a  role  in  the  regulation  of  cell
proliferation  and  differentiation  while  modulating
calcium  metabolism.  It  has  also  been  shown  to
directly    inhibit    the   proliferation   of   several
malignant  cell  lines  in  vitro[8-10],  and  to  induce  the
differentiation  of  human  colonic  cells[11],  human
myeloid  leukemia  cells[12],  and  other  cell  lines  in
vitro[13,14].   A   role   of   vitamin   D   as   a
chemopreventive  agent  has  also  been  studied  in
rodent  models[15-19],  and  the  tumor  growth  and
promotional  stag  e  of  chemical  carcinogenesis  have
been  inhibited  by  vitamin  D.  On  the  other  hand,
vitamin    D3    enhanced    chemically-induced
transformation  of  cultured  cells  in  vitro[20,21]  and
promoted  skin  tumor  formation  in  mice[22].

PRECLINICAL  AND  EARLY  HUMAN  INTERVENTION

STUDIES  OF   EFFECTS  OF  INCREASED  DIETARY

CALCIUM
Preclinical  studies
The  results  of  direct  experimental  studies  of  calcium
intake   and   colon   cancer   development   are
summarized   in   Table  1.   The   results   of   many
individual  studies  are  further  described  in  Tables  2-
5.   In   many   preclinical   experimental   models,
calcium  effects  on  colon  cancer  development  and
on  cellular  processes  associated  with  colon  cancer
have  been  remarkably  consistent:    decreasing  and
normalizing   excessive   proliferation   of   colonic
epithelial  cells,  reducing  the  susceptibility  of
proliferating   epithelial   cells   to   accumulate
abnormalities  in  their  DNA;    reducing  the
cytotoxicity  of  fecal  water;    increasing  the
differentiation  and  maturation  of  colonic  epithelial
cells;  and    decreasing  the  end-stage  development
of  colon  cancer  itself.
        In  animal  models  (Tables  2,3),  oral  calcium
supplementation   decreased   epithelial   cell
hyperproliferation  when  it  was  induced  by  several
factors   that   stimulate   tumor   promotion:   the
administration  of  bile  acids  and  fatty  acids,  dietary
fat,   a   Western-style   diet,   and   partial   enteric
resection.   Of   further   importance   colonic
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carcinogenesis  itself,  when  induced  by  chemical
carcinogens,  decreased  with  increasing  dietary  calcium
intake,  with  almost  all  studies  showing  a  decrease  in
the  number  of  tumors  induced,  the  percent  of  invasive
carcinomas,  or  the  number  of  animals  with  multiple
tumors.
          Thus,  a  wide  variety  of  rodent  studies  (Tables
1-3  with  references)  demonstrated  that  increasing
dietary  calcium  intake  reduced  colonic  tumor
formation:  mechanisms  involved  included  decreased
epithelial  cell  hyperproliferation;  decreased  or  nithine
decarboxylase  activity;  decreased  ras  mutations  in
colonic  epithelial  cells;  and  calcium-binding  of  bile
acids,  fatty  acids  and  phosphate  into  insoluble
complexes,  reducing  their  direct  irritant  and
hyperproliferative  effects  on  colonic  epithelial  cells
and  reducing  the  cytotoxicity  of  fecal  water.
          Two  recent  series  of  studies  also  have  evaluated
the  effects  of  calcium  and  vitamin  D  on  colonic
tumor  development  when  these  nutrients  were  fed
to  rodents  on  Western-style  diets.  The  first  group  of
studies  utilized  preclinical  models  of  n  ormal  mice.
In  the  colonic  crypts  of  these  normal  mice
hyperproliferation,  hyper  plasia,  abnormal
differentiation  and  maturation  of  colonic  crypt
epithelial   cells,   and   the   late-stage   preneoplastic
lesion  of  whole-colonic-crypt  dysplasia  developed
when  the  mice  were  fed-  Western-style  diets
containing  low  calcium  and  vitamin  D[26,33,34].
          The  second  series  of  studies  utilized  mice  having
targeted  mutations  that  are  relevant  to  human  colon
cancer,  the  targeted  mutation  causing  adenomas  and
carcinomas  to  develop  in  the  mice[35,36].  Recent
studies  demonstrated  the  Western-style  diets
increased  the  development  of  the  neoplastic  colonic
lesions  that  were  initiated  by  those  mutations;  and
the  neoplasms  together  with  carcinomas  were
decreased  by: @ increasing  calcium  and  vitamin  D
together  with  lowering  fat  content  of  diet[37],  or
increasing  dietary  calcium  and  vitamin  D  alone
(Yang  et  al,  unpublished  data).
         In  other  organs,  Western-style  diets  also  have
induced  epithelial  cell  hyperproliferation  and
hyperplasia   in   mammary   gland[38,39],   and
hyperproliferati   on   in   pancreas[40]   and   prostate
gland[41]  in  short-term  studies;  increasing  dietary

calcium  and  vitamin  D  alone  also  inhibited  the
development  of  those  lesions[25].

EARLY  HUMAN  CLINICAL  TRIALS  OF  CALCIUM  AND

COLON  CANCER  CHEMOPREVENTION
Prior  to  most  of  the  preclinical  studies  noted  above,
a  first  human  study  was  carried  out[28]which  began
to  evaluate  calcium’s  chemopreventive  effects  on
the  human  colon.  That  first  study,  and  a  majority  of
the  human  studies  that  followed  demonstrated  that
increased   dietary   calcium   could   decrease
hyperprolife  ration  of  colonic  epithelial  cells  in
human  subjects;  and  several  studies  further
demonstrated  calcium’s  binding  of  bile  acids  and
fatty  acids  into  insoluble  complexes  in  the  colon,
decreasing  the  cytotoxicity  of  fecal  water,  the  latter
co  ntributing  to  the  decreased  colonic  epithelial  cell
hyperproliferation   observed   in   human   subjects
(Tables  4,5).
         The  first  pilot  study  in  this  human  series  noted
above,   and   several   other   that   followed,
demonstrated  significant  reduction  of  excessive
colonic  epithelial  cell  proliferation,   or   reduced   size
of  the  proliferative  compartment  in  colonic  crypts.
However,  other  human  studies  of  supplemental
calcium  administration  did  not  show  this  effect[42].
Several  of  those  studies  were  accompanied  by
experimental  techniques  that  included  extremely  low
initial  baseline  levels  of  colonic  cell  proliferation
measured  before  calcium  administration,  very  high
amounts  of  calcium  intake  by  subjects  before
calcium  was  given,  and  enemas  given  prior  to
colonic    biopsies    that    likely    perturbed    the
mucosa[42].  Because  early  positive  results  were
found  in  humans  where  calcium  reduced  colonic
epithelial  cell  proliferation[28],  a  further  large
randomized  adenoma-recurrence  clinical  trial  was
developed  and  carried  out,  recently  verifying  that
increased  calcium  intake  caused  a  significant
reduction  in  the  development  of  actual  tumors
(recurrent  adenomas)  in  the  human  colon[32].  A
further  human  study  was  recently  carried  out
increasing  dietary  calcium  intake  through  low  fat
dairy  foods:  this  caused  increased  maturation  and
decreased  proliferation  of  colonic  epithelial  cells
following  the  increased  dietary  calcium  intake[43].

Table 1 Summary of studies on calcium and colon cancer

·Majority of epidemiologic studies suggest protective effect
·In vitro studies: decreased proliferation and increased differentiation and maturation of many types of epithelial cells
·In vivo rodent studies: numerous studies demonstrated inhibition of colonic tumor development preceded by decreased hyperproliferation,
ODC and ras mutations, binding of bile and fatty acids into insoluble complexes reducing irritant and hyperproliferative effects, reduced
cytotoxicity of fecal water
·Human studies: decreased hyperproliferation in most studies, increased differentiation and maturation of colonic epithelial cells, binding
of bile and fatty acids into insoluble complexes, decreased cytotoxicity of fecal water
·Decreased recurrence of human adenomas
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Table 2 Dietary calcium effects on epithelial cells in the colon and other organs of rodents

Cell proliferation References*

Calcium decreased hyperproliferation Gover et al, 1994
Calcium: decreased hyperproliferation when induced by doxycholic acid Wargovich et al, 1983
Decreased hyperproliferation when induced by fatty acids Wargovich et al, 1984
Decreased hyperproliferation when induced by cholic acid Bird et al, 1986
Decreased hyperproliferation induced by partial enteric resection Appleton et al, 1986
Decreased deoxycholic acid-induced hyperproliferation Hu et al, 1989
Decreased MNNG-induced hyperproliferation on diet low in fat and calcium Reshef et al, 1990
Decreased hyperproliferation induced by Western-style diet Newmark et al, 1991
Decreased AOM-induced ODC and Tyr K Arlow et al, 1989
Decreased ODC induced by bile acids Baer et al, 1989
Decreased hyperproliferation when induced by Western-style diet Richter et al, 1995[24]

Decreased hyperproliferation in other organs when induced by Western-style diet Xue et al, 1999[25]

*Studies without reference numbers are found in[23].

Table 3 Dietary calcium effects on colonic epithelial cells of rodents

Tumor development References*

Calcium: decreased tumors induced by partial enteric resection and carcinogen Appleton et al, 1987
Decreased proliferation and tumor formation induced by dietary fat and carcinogen Pence et al, 1988
Decreased intestinal tumors after AMO Skrypec et al, 1988
Decreased colonic tumors induced by AMO Wargovich et al, 1990
Decreased the number of invasive carcinomas after MNU and cholic acid McSherr y et al, 1989
Decreased the number of rats with multiple tumors after DMH Sitrin et al, 1991
Decreased K-ras mutations Llor et al, 1990
Unchanged tumor incidence after DMH Karkara et al, 1989
Unchanged tumor incidence after DMH Kaup et al, 1989
Decreased late-stage precancerous lesion of whole colonic crypt dysplasia Ri sio et al, 1996[26]

*Studies without reference numbers are found in [23].

Table 4 Calcium effects on colonic cell proliferation, differentia tion and cytotoxicity in human subjects

In vitro References*

Decreased proliferation (2mM) Buset et al, 1986
Decreased proliferation (2 4mM) Appleton et al, 1988
Decreased proliferation (2mM) Arlow et al, 1988
Decreased proliferation (2mM) Buset et al, 1987
Decreased proliferation (2mM) Friedman et al, 1989
Protected colonic cells against toxicity of bile acids and fatty acids (5mM) Buset et al, 1989
Decreased growth of human colon cancer cell lines Guo et al, 1990[27 ]

Increased histone acetylation: cell differentiation (1-2mM) Boffa et al, 1989

*Studies without reference numbers are found in [23].

Table 5 Calcium effects on colonic cell proliferation, differentiati on and cytotoxicity of fecal water in human subjects

In vivo References*

Decreased hyperproliferation Lipkin et al, 1985[28]

Decreased hyperproliferation Lipkin et al, 1989
Decreased hyperproliferation Rozen et al, 1989
Decreased proliferation Lynch et al, 1991
Decreased proliferation Berger et al, 1991
Decreased proliferation Wargovich et al, 1992
Decreased proliferation Barsoum et al, 1992
Decreased proliferation O’Sullivan et al, 1993
Decreased proliferation Bostick et al, 1995
Unchanged proliferation Gregoire et al, 1989
Unchanged proliferation Cats et al, 1995
Decreased ODC Lans et al, 1991[29]

Normalized differentiation-associated lectin binding Yang et al, 1991[30]

Decreased cytotoxicity of fecal water Govers et al, 1996[31]

Increased maturation of colonic epithelial cells Holt et al, 1998[43]

Decreased adenoma recurrence Baron et al, 1999[32]

*Studies without reference numbers are found in [23].
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Abstract

AIM  To determine whether incorporation of the
pH-dependent ba cterial toxin listeriolysin O
(LLO) into the DNA carrier system could increase
the endosomal escape of internalized DNA and
result gene expression.
METHODS A multi-component delivery system
was prepared consist ing of asialoglycoprotein
(ASG),  poly  L-lysine  (PL),  and  LLO.  Two
marker genes, luciferase and βββββ-galactosidase in
plasmids were complexed and administered in
vitro to Huh7[ASG receptor (+)] and SK Hep1
[ASG rece ptor(-)] cells. Purity,  hemolytic
activity,  gene  expression,  specificity,  and
toxicity were evaluated.
RESULTS    An  LLO-containing  conjugate
retained  cell-targeting  specificity  and
membranolytic activity. In ASG receptor (+)
cells, luciferas e gene expression was enhanced
by more than 7-fold over that of conjugates
with out the incorporation of listeriolysin O. No
significant expression occurred in ASG receptor
(-) cells. Enhancement of βββββ-galactosidase gene
expression  was  less,  but  still  significantly
increased  over  controls.  There  was  no
detectable toxicity at concentrations shown to
be effective in transfection studies.
CONCLUSIONS    ASOR-PL can be coupled to
LLO using disulfide bonds, and successfully
target and increase the gene expression of
foreign DNA.

INTRODUCTION
We  have  previously  demonstrated  targeted  delivery
of  DNA  to  the  liver  via  the  recognition  of
asialoglycoprotein-polylysine   (PL)   containing
conjugates  by  the  hepatic  asialoglycoprotein  (ASG)
receptors[1,2].  Binding  of  the  ASG-PL  -DNA
complexes  to  the  ASG  receptors  resulted  in
internalization  of  the  ligand-rece  ptor  complex  into
the   cells   via   receptor-mediated   endocytosis.
However,  a  probl  em  with  using  receptor-mediated
endocytosis  as  a  gene  delivery  system  is  that  once
the  specific  ligand-DNA  complex  is  internalized,  it
must  escape  the  endosom  e  before  delivery  to  the
lysosome  in  order  to  avoid  intracellular  degradation.
The  endocytosis  pathway  is  somewhat   “leaky”,
which  allows  for  the  escape  of  some  DNA  without
additional  membrane  disruption.  However,  most  of
the  delivered  genetic  material  remains  trapped  in
the  endosome  and  is  degraded  by  lysosomal  proteases.
This  may  account  for  low  transfection  efficiency
and  transient  expression[3].
         To  address  this  problem  we  sought  to  use  the
natural  properties  of  a  bacterial  toxin  to  enable
targeted  DNA  to  escape  from  endosomal  vesicles.
Listeriolysin  O  (LLO)  is  a  pH  dependent,  thiol-
activated,  membranolytic  protein  secreted  by  the
bacteria  Listeria  monocytogenes.  LLO  is  necessary
for   the   pathogenicity   of   L.   monocytogenes.
Ingested  bacteria  are  taken  up  by   host   cells,
primarily  by  macrophages,  into  phagolysosomes.
However,  the  organism  secretes  LLO  in  the  pha
golysosome,  where  upon  acidification,  the  LLO
undergoes  a  conformational  change,  resulting  in
rupture  of  the  vesicle.  Escape  of  the  bacteria  from
the  vesicle  occurs  before  contact  with  lysosomal
enzymes  allowing  for  further  replication  in  the
cytosol[4,5].
        In  the  following  report,  we  demonstrate  that
the  incorporation  of  LLO  into  the  ASG-PL  carrier
system  results  in  increased  gene  expression  while
retaining  cell  type  specificity.

MATERIALS  AND  METHODS
Synthesis  of  asialoorosomucoid  (ASOR)-PL-LLO
conjugates
ASOR  and  polylysine  were  chemically  conjugated
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using  a  water  soluble  carbodiimide  as  described
previously[6,7].  In  brief,  ASOR,  prepared  by
desialylation  of  orosomucoid  from  pooled  human
serum[6],  was  mixed  with  PL,  MW=38500  (Sigma
Chemical  Co.),  in  a  1:1  weight  ratio.  The  reactants
were  coupled  by  addition  of  1-ethyl-3-(3-
dimethylaminopropyl )-carbodiimide   ( Pierce  Chem
ical   Co. )   and   purified   by   cation   exchange
chromatography.  LLO  was  purified  using  a  CH2

spiral  concentrator  (Amicon)  and  DEAE  Sephacel
column  (Pharmacia  Fine  C  hemicals)[18].  The
cleavable   cross   linker   N-succinimidyl   3-(2-
pyridyldithio)  propionate,  SPDP,  (Pierce  Chemical
Co.)   was   added   to   both   ASOR-PL   and   LLO
proteins  according  to  the  Pierce  protocol.  One
milligram  of  both  proteins  was  incubated  with
25mM  SPDP  in  dimethylsulfoxide  for  30  minutes  at
room  temperature.  Free  SPDP  was  se  parated  from
linked  by  application  to  a  PD-10  desalting  column
(Pharmacia  Fine  Chemicals)  and  elution  with
water.  The  concentration  of  SPDP  linked  to  the
proteins  was  determined  by  measuring  the  release
of  2-thione  after  reduction  with  100 mM  DTT  and
reading  the  absorbance  at  343 nm.  The  LLO-SPDP
was  activated  f  or  coupling  by  reduction  with  12mg
DTT  in  100 mM  NaCl,  100 mM  Na  acetate  pH  4.5.
Free  DTT  was  removed  by  application  to  a  PD-10
desalting  column  and  elution  with  water.

Preparation  of  ASOR-PL-DNA  complexes
The  reporter  genes  used  in  these  experiments  were
either  CMV  luciferase  (CMV  luc)  or  β-galactosidase
(β-gal)   plasmid   DNA.   The   ratio   of   conjugate
needed  to  bind  a  specific  amount  of  DNA  was
determined  by  a  dding  increasing  amount  of  ASOR-
PL-SPDP  to  1 mg  of  CMV  luc  or  β-gal  plasmid
DNA  in  0.15 M  saline.  These  samples  were  run  on
1%  a  garose  gels,  and  the  point  of  DNA  retardation
was  visualized  by  staining  with  ethidium  bromide
and  observation  with  UV.  This  ratio  was  used  in
subsequent  experiments.  One  milligram  of  the  SPDP
linked  ASOR-PL  and  CMV  luc  or  β-gal  plasmid
DNA  in  the  proper  proportion  were  incubated  for
30min  at  room  temperature  in  0.15M  saline.  The
ASOR-PL-SPDP-DNA  complex  was  added  to  DTT
reduced  LLO-SPDP  in  a  2:1  molar  ratio.  The
conjugate  was  incubated  overnight  at  4   and
filtered  through  a  0.2 µm  Nalgene  syringe  filter.

Characterization  of  protein-DNA  complexes
The   conjugate   was   characterized   by   Western
blotting  with  polyclonal  antibodies  to  LLO  (Immune
Response  Corporation).  One  milligram  of  LLO  and
the  final  conjugat  e  either  with  or  without  DTT
(100 mM)  reduction  were  run  on  a  7.5%  SDS-
PAGE  gel.  The  proteins  were  transferred  to  a  nylon
membrane  (Amersham),  quenched  for  one  hour  in
5%  dry  milk  dissolved  in  10 mM  Tris,  150 mM  NaCl

and  0.5%  Tween-20,  and  probed  in  the  same  buffer
with  a  polyclonal  antibody  to  LLO.  Detecti  on  of
the  antigen-antibody  complex  was  determined  by
exposure  to  anti-rabbit  IgG  horseradish  peroxidase
(Sigma)  and  developed  with  3’,3’diaminobenzidine
and  hydrogen  peroxide  (Sigma)[9].
       To  determine  if  the  DNA  remained  bound
conjugates  under  experimental  conditions,  agarose
gels  were  run.  One  microgram  of  DNA  bound  to
conjugate  was  run  in  an  1%  agarose  gel  and
visualized  with  ethidium  bromide  and  UV.

Hemolytic  activity
Hemolytic  activity  was  determined  by  the  adding
the  conjugate  to  one  milliliter  of  PBS,  pH  5.5,  and
5 mM  DTT  plus  6×108  human  red  blood   cells.
Samples  were  incubated  for  30  minutes  at  37 
and  quantified  by  absorbance  at  541 nm  on  a  spect
rophotometer.  One  hemolytic  unit  (HU)  is  the  amount
of  LLO  needed  to  release  hem  oglobin  from  50%
of  the  red  blood  cells[10].

Targeted  gene  expression
Conjugates  containing  1µg  of  CMV  luc  or  β-gal
DNA  were  added  to  Huh7  (ASG  receptor  positive)
or  SK  Hep1  (ASG  receptor  negative)  cells  in  1 mL
of  DMEM  containing  2 mM  CaCl2  and  incubated
for  4 h  at  37 .  Then  FBS  was  added  to  a  final
concentration   of   10%   and   cells   were   further
incubated   for   48 h.   ASOR-PL-DNA,   ASOR-PL-
DNA  plus  free  LLO,  and  ASOR-PL-LLO-DNA
plus  a  200-fold  excess  ASOR  were  used  as  controls.
Gene  expression  was  measured  by  luciferase
detection  using  the  luciferin  substrate  (Promega),
and  detection  of  activity  using  a  luminometer.
Luciferase  expression  results  were  standardized  by
measuring  protein  concentrations  according  to  the
Bradford  assay[9].
        Cells  incubated  with  â-gal  were  washed  with
PBS  pH  7.4,  fixed  with  4%  paraformaldehyde,  and
stained  with  X-gal  (20 µg/  L  in  dimethylformamide)
for  30  minutes  at  37 .  Cells  were  observed  with
light  microscopy  and  positive  (blue  stained)  cells
were  counted.

Toxicity  studies
Huh7  and  SK  Hep1  cells  were  incubated  with
ASOR-PL-DNA,  free  LLO,  ASOR-PL-LL  O-DNA
or  ASOR-PL-LLO-DNA  in  the  presence  of  a  200-
fold  excess  of  ASOR  in  Du  lbecco’s  minimal
essential  media  (DMEM)+2 mM  CaCl2  for  4 h  at  37

.  Fetal  bovine  serum  (FBS)  in  a  final  concentration
of  10%  was  added,  and  the  cells  w  ere  further
incubated  for  24  and  48  hrs  at  37 .  Cell  viability
was  determined  by  trypan  blue  exclusion[11].

RESULTS
The  molar  ratio  of  SPDP  linked  to  ASOR-PL  and
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LLO,  determined  by  the  release  of  2-thione  after
reduction,  was  found  to  be  1:1.  The  ratio  of  ASOR-
PL-SPD  P  needed  to  retard  migration  of  DNA  in
agarose  gels  was  114:1  moles.  ASOR-  PL-LLO-
DNA  complexes  were  analyzed  on  a  Western  blot
with  a  polyclonal  antibod  y  to  LLO.  As  shown  in
Figure  1,  purified  LLO  migrated  at  a  position
expected  for  Mr58000,  lane  2.  Molecular  weight
markers  are  shown  in  lane  1.  ASO  R-PL  alone,  as
expected,  did  not  bind  to  the  antibody  indicating  that
the  ASOR  -PL  conjugate  i  tself  was  not  capable  of
non-specific  binding  with  the  anti-LLO  antibody,
lane  3.  However,  after  coupling  to  LLO,  the  conjugate
did  react  with  anti-LLO  antib  ody,  and  this  conjugate
was  found  not  to  migrate  into  the  gel,  lane  4.  No
contaminating  bands  were  visualized.  Chemical
reduction  of  the  complex  with  DTT  resulted  in  a
free  band  migrating  at  the  position  of  LLO,  lane  5.
An  agarose  gel  of  the  conjugate  revealed  no
migrating  bands,  indicating   that   DNA   remained
bound  (data  not  shown).
        The  results  of  hemolytic  assays  are  shown  in
Table  1.  LLO  alone,  as  expected,  was  highly
hemolytic  at  pH  5.5,  but  only  minimally  active  at
pH  7.4  when  concentrations  were  low.  However,  at
high  concentrations,  greater  that  0.5  µg/mL,  the
pH  had  little  effect.  Hemolytic  assays  demonstrated
that  hemolytic  activity  of  the  conjugate  was
concentration  dependent.  Similar  to  LLO  alone,  the
highest  activity  occurred  at  pH  5.5.  At  pH  7.4,  the
conjugate  did  not  cause  appreciable  hemolysis.  This
suggested  the  conjugation  procedure  does  not
appreciably  alter  the  hemolytic  characteristics  of  the
LLO,  and  that  at  phys  iological  pH,  the  conjugate
has  no  active  LLO.
        Figure   2,   panel   A,   shows   that   prototype
ASOR-PL-DNA  complexes  introduced  into  Huh7
[ASG  receptor  positive]cells  produced  approximately
5000  light  units,  lane  1.  However,  compared  to  the
prototype,  ASOR-PL-LLO-DNA  complexes  produced
luciferase  activity  7  times  higher,  lane  2.  This
enhancement  was  decreased  by  60%  with  the
addition  of  free  ASOR  to  compete  with  the  complex
for  ASG  receptors,  lane  3.  The  addition  of  free  (not
conjugated)  LLO  to  ASOR-PL  complexes  in  exactly
the  same  molar  concentration  as  provided  by  the
ASOR-PL-LLO  conjugate  did  no  t  enhance  luciferase
gene  expression,  lane  4.  This  indicates  that  the
observed  e  nhancement  of  transfection  could  not  be
due  to  the  effects  of  any  free  LLO.  DNA  alone
had  no  significant  gene  expression,  lane  5.  In  SK
Hep1[ASG  receptor  negative]  cells  there  was  no
significant  gene  expression  with  prototype,  lane  1,  or
ASOR-PL-LLO-DNA  complexes,  lane  2.  Of  course,
controls  consisting  of  addition  of  LLO  to  prototype
ASOR-PL  complexes,  and  DNA  alone  in  this  cell
line  alone  h  ad  no  detectable  levels  of  luciferase
expression,  lanes  3  and  4,  respectively.

Figure1 A Western blot of purified conjugates. One milligram of
LLO and the final conjugate either with or without DDT
(100mM) redu ction were run on a 7.5% SDS-PAGE gel. The
proteins were transferred to anylon membrane, quenched, and
probed with a polyclonal antibody to LLO. Detection of the
antigen-antibody complex was determined by exposure to anti-
rabbit IgG ho rseradish peroxidase and developed with 3’,3’-
diaminobenzidine and hydrogen peroxide as described in Materials
and Methods. Molecular weight markers, lane 1; LLO alone, lane
2; ASOR-PL, lane 3; ASOR-PL-LLO-DNA, lane 4; ASOR-PL-LLO
-DNA+100mM DTT,lane 5.

Figure2   Targeted luciferase gene expression.  Conjugates
containing 1µg of CMV luc were added to Huh7 (ASG receptor
positive) or SK Hep1 cells (ASG receptor negative) and incubated
for 48h as describ ed in Materials and Methods. Gene expression
was measured by luciferase detection using the luciferin substrate,
and detection of activity using a luminometer.  Luciferase
expression results were standardized by measuring protein
concentrati ons according to the Bradford assay. Panel A, Huh7
cells: ASOR-PL-DNA, lane 1; ASOR-PL-LLO-DNA, lane 2;
ASOR-PL-LLO-DNA+200-fold molar excess of ASOR, lane 3;
ASOR-PL-DNA+LLO, lane 4; DNA alone, lane 5. Panel B, SK
Hep1 cells: AS OR-PL-DNA, lane 1; ASOR-PL-LLO-DNA, lane
2; ASOR-PL DNA+LLO, lane 3; DNA a lone, lane 4.
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Figure3 Targeted β-galactosidase gene expression. Conjugates
containing 1µg of β-gal DNA were added to Huh7 (ASG receptor
positive) or SK Hepl cells (ASG receptor negative) and incubated
for 48h . Cells incubated with â-gal were washed with PBS pH
74, fixed with 4% paraf ormaldehyde and stained with X-gal as
described in Materials and Methods. Cells were observed with light
microscopy and positive (blue stained) cells were coun ted. ASOR-
PL-DNA,  lane 1;  ASOR-PL-LLO-DNA,  lane 2;  ASOR-PL-
LLO-DNA+ASOR,  lane 3;  ASOR-PL-DNA+LLO,  lane 4;
DNA alone, lane 5.

Figure4  Toxicity of complexes. Huh7 (ASG receptor p ositive)
and SK Hep1 (ASG receptor negative) cells were incubated with
ASOR-PL-DNA, free LLO, ASOR-PL-LLO-DNA or ASOR-PL-
LLO-DNA in the presence of a 2 00-fold excess of ASOR as
described in Materials and Methods. Cell viability was determined
by trypan blue exclusion. Panel A, Huh7 cells; Panel B SK Hep1
cells.

Table 1 Hemolytic activity* of ASOR-PL-LLO and LLO alone

              LLO                      ASOR-PL-LLO-DNA
LLO (µg)

            pH 5.5            pH 7.4            pH 5.5         pH 7.4

0.005 1.000 0.024 0            0
0.010 1.380 0.051 0            0
0.050 1.680 0.074 0.010            0
0.100 1.900 1.280 0.021            0
0.500 1.900 1.730 0.349            0
1.000 2.100 1.900 0.947          0.013
2.000 2.100 2.100 1.900          0.020

*A541 where 100% hemolysis a value of 2.100.

         Figure  3  shows  the  results  of  studies  of  Huh7
cells  transfected  with  a  gene  for  β-galactosidase.
The  ASOR-PL-LLO-DNA  complex  containing  β-gal
DNA    increased    gene    expression    185%    over
prototype  ASOR-PL  complexes  (complex  lacking
LLO),  lane  2.  The  enhancement  was  inhibited  by
30%  with  addition  of  a  200-fold  excess  ASOR,  lane
3.  ASOR-PL-DNA  plus  free  LLO,  and  DNA  alone
had  no  significant  gene  expression,  lanes  4  and  5,
respectively.
       In  order  to  determine  whether   the   LLO-
containing  conjugate  was  toxic,  cell  viability  studies
were  performed  and  the  results  are  shown  in  Figure
4.  Huh7  and  SK  Hep1  cells,  panels  A  and  B
respectively,  treated  with  ASOR-PL-DNA,  ASOR-
PL-L  LO-DNA  with  or  without  an  excess  of  ASOR
proliferated  at  the  same  rate  as  control  (untreated)
cells.    However,    LLO    alone    in    the    same
concentration  as  present  in  the  ASOR-PL-LLO-
DNA  repidly  decreased  viable  cell  numbers.  Thus,
the  concent  ration  of  complexes  used  for  expression
studies  were  found  not  to  be  toxic  to  either  Huh7
or  SK  Hep1  cells.

DISCUSSION
Many  approaches  have  been  developed  to  solve  the
problem  of  low  transfection  efficiency  and  transient
expression  of  gene  delivery  systems.  Partial
hepatectomy,   chloroquine   administration,   and
viruses  or  viral  peptides  have  shown  to  be  usedful
in  increasing  in  the  duration  of  expression[6,12-16].
The  current  report  is  the  first  demonstration  that
the  natural  escape  strategies  of  the  bacterial  toxin
LLO  can  be  useful  as  a  potential  component  of  a
targetable   DNA   delivery   system   to   increase
efficiency[4,5].
      LLO    is    a    thiol-containing    protein[5].
Experiments  on  direct  bonding  to  ASOR-PL-SPDP
resulted  in  low  efficiency  (data  not  shown).  In
subsequent  experiments  LLO  was  also  treated  with
SPDP  to  increased  the  number  of  potential  cross
linking  residues.  Subsequent  reduction  with  DTT
resulted  in  successful  conjugation.
        The  conjugated  LLO   had   lower   hemolytic
activity  compared  to  equal  amounts  of  free  LLO.



This  was  in  spite  of  the  fact  that  DTT  is  added  to
samples  to  activate  the  thiol  groups.  This  reduction
would  also  cleave  coupled  LLO  from  the  conjugate.
The  lower  molar  activity  of  the  released  LLO  may
have  been  due  to  the  addition  of  SPDP,  or  to
interference  from  ASOR  or  DNA  that  was
independent  of  thiol  reduction.  Nevertheless,  the
hemolytic  activity  of  the  conjugate  was  pH  dependent
as  seen  with  native  LLO.  This  is  important  as  one
of  the  theoretical  advantages  for  the  use  of  LLO
was  the  lack  of  activity  at  physiological  pH,  and
restored  activity  in  the  acidic  environment  of  the
endosome.  Toxicity  due  to  extracellular  activity
would  be  minimized.
         In  summary,  the  above  experiments  show  that
ASOR-PL  can  be  coupled  to  LLO  using  disulfide
bonds,  and  successfully  target  and  increase  the
gene  expression  of  foreign  DNA.  The  increase  in
expression  was  blocked  with  the  addition  of  a  large
molar  excess  of  ASOR,  and  was  present  only  in
ASG  receptor  positive  cells,  indica  ting  retention  of
hepatocyte  specificity.
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Abstract

AIM    To  analyse  cumulative  loss  of
heterozygosity (LOH) of ch romosomal regions
and tumor suppressor genes in hepatocellular
carcinomas (HCC s) from 20 southern African
blacks.
METHODS    p53, RB1, BRCA1, BRCA2, WT1 and
E-cadherin- ge nes were analysed for LOH, and
p53 gene was also analysed for the codon 249
mutation, in tumor and adjacent non-tumorous
liver  tissues  using  molecular techniques and
10 polymorphic microsatellite markers.
RESULTS p53 codon 249 mutation was found in
25% of the subjects, as was expected, because
many patients were from Mozambique, a country
wit h high aflatoxin B1 exposure. LOH was found
at the RB1, BRCA2 and WT1 loci in 20%(4/20)
of the HCCs, supporting a possible role of these
genes in HCC. No LOH was evident in any of the
remaining genes. Reports of mutations of p53
and RB1 genes in combination, described in
other populations, were not confirmed in this
study. Change in microsatellite repeat number
was noted at 9 /10 microsatellite loci in different
HCCs, and changes at two or more loci were
detected in 15%(3/20) of subjects.
CONCLUSION  We propose that microsatellite/
genomic instability may play a role in the
pathogenesis of a subset of HCCs in black
Africans.

INTRODUCTION
The  evolution  of  cancer  is thought  to  occur  from  the
stepwise  accumulation  of  ge  netic  aberrations  in  the
same  cell.  These  include  loss  of  function  of  tumor
supp  ressor  genes,  activation  of  proto-oncogenes,
faulty  DNA  mismatch  repair,  and  the  integration  of
viral  DNA[1,2].  Hepatocellular  carcinoma  (HCC)  is  a
leading  cause  of  death  in  both  Africa  and  the  Far
East,  resulting  in  at  least  310000  deaths  worldwide
each  year[3].  HCC  is  multifactorial  in  aet  iology  and
its  pathogenesis  is  complex.  The  major  risk  factors
involved  in  the  development  of  the  tumor   are
chronic  HBV  and  HCV  infections,  cirrhosis  and
aflatoxin  B1  (AFB)  exposure[4,5].
         Heavy  dietary  AFB  intake  is  thought  to  cause
a  guanine  (G)  to  thymine  (T)  transversion  at  the
third  base  of  codon  249  of  the  p53  gene,  and  for
this  reason  clustering  of  this  point  mutation  occurs
in  HCCs  from  Africa  and  China[6-8].  In  addition,
other  mutations  in,  or  deletions  of,  the  p53  gene
(on  chromosome  17p13.1)  are  found  with  relatively
high  frequency  in  human  HCCs  in  other  countries.
The  functional  loss  of  this  tumor  suppressor  gene,
as  well  as its abnormal  expression,  have  been  proposed
to  play  a  significant  role  in  HCC  development[9]  or
at  least  in  the  development  of  a  subset  of  HCCs.
The  majority  of  p53  alterations  reported  to  date
have  loss  of  one  allele  accompanied  by  mutations  of
the  second  allele[10].  Abnormalities  of  the  p53
gene,  such  as  gene  mutation,  deletion,  or  the
nuclear  accumulation  of  mutant  p53  protein  have
also  been  found  to  correlate  with  increased  allelic
loss  at  the  Breast  Cancer  Susceptibility  Gene  1
(BRCA1)  locus  (17q21).  This  gene  is  thought  to
encode  a  transcription  factor  which  acts  as  a  tumor
suppressor[11].  LOH  of  the  BRCA1  gene  in  HCC
was  reported  in  a  Korean  study[12].  The  Breast
Cancer  Susceptibility  Gene  2  (BRCA2)  (13q12-13)
product  is  thought  to  be  a  tumor  suppressor[13]

involved      in     cellular    proliferation    and
differentiation[14],  and  may  be  involved  in  the
development  of  HCC[15].  LOH  at  the  BRCA2  locus
has  been  reported  in  HCC[15,16]  and  it  has  been
suggested  that  mutations  of the BRCA2  gene may  be
involved    in    hepatocarcinogenesis[15].     The
retinoblastoma  ( RB1 )  gene  ( 13q14.2 )  product
(pRB)  functions  as  a  cell  cycle  regulator[17],  and  its
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absence  leads  to  unrestricted  cell  growth.  Although
there  is  no  definite  evidence  that  mutations  of  the
RB  gene  are  involved  in  HCC,  LOH  of  the  RB1
gene  has  been  documented  in  human  HCCs[18,12].
LOH  of  WT1  and  11p13  have  been  reported  in
human  HCCs[12,16].  WT1  appears  to  be  involved  in
proliferation,    differentiation    and    apoptosis[19,20].
The  product  of  the  E-cadherin  (Uvomorulin)  gene
(16q221)  is  the  primary  adhesion  molecule  in
epithelium[21].  Loss  of  function  of  E-cadherin  may
lead  to  decreased  cell-cell  adhesion[22],  cellular
phenotypic   changes,   and   the   development   of
invasive  properties[23].  In  HCC,  multicentric
development  and  the  formation  of  intrahepatic
metastases  is  common[24]. LOH  on  chromosome  16q
has  been  previously  reported  to  be  important  in  the
initiation  or  progression  of  HCC[25,26].
          Polymerase  chain  reaction  (PCR)  amplification
of  microsatellites  (sequences  uniformly  distributed
throughout  the  human  genome)  provides  a  simple
and  effective  method  of  rapidly  detecting  loss  of
heterozygosity/microsatellite       instability      (LOH/
MI)[27].  Microsatellite  instability  is  defined  as  the
loss  or  gain  of  microsatellite  repeats  at  2  or  more
loci  and  is  detected  by  the  presence  of  extra  bands
or  band  shifts  between  tumor  and  non-tumorous
tissue  DNA.
          In  this  study,  we  examined  the  G-T  transversion
at   codon   249   of   the   p53   gene,   LOH   of   the
p53,   RB1,   BRCA1,   BRCA2,   WT1   and   E-
cadherin  genes,  and  micr  osatellite  instability  at  10
loci  flanking  these  genes,  in  HCC  and  adjacent  non
-tumorous  liver,  from  20  southern  African  blacks.

MATERIALS  AND  METHODS

Subjects
The  subjects  included  20  southern  African  black
men,  aged  between  20  and  40  years.  HCC  tissue
and  matched  non-tumorous  liver  were  obtained  at
necropsy  or  during  surgical  resection.  DNA  was
extracted  from  the  tissues  using  a  modified  “salting-
out”  procedure[28].

HBV  markers
The  HBV  status  of  the  subjects  was  determined
previously  using  commercially  available  kits  to
detect   HBV   markers   in   serum   (Abbott   Labs,
Chicago,  IL,  USA).

LOH  and  microsatellite  instability
Microsatellite   instability   (MI)   and   loss   of
heterozygosity  (LOH)  studies  were  carried  out  by
PCR   and   gel   electrophoresis   using   polymorphic
repeat  markers  (Table  1).
        PCR  products  of  the  polymorphic  loci  p53,
D17S846  and  RB1.20  were  resolved  on  4%

composite  agarose  gels,  while  radioactively  labeled
PCR  products  of  the  remaining  loci  were  resolved
on  polyacrylamide  gels,  and  viewed  by
autoradiography.  Band  mobility  shifts  between
tumor  and  matched  non-tumorous  liver  DNA  were
scored  as  a  change  in  allele  repeat  number.  LOH
was  characterized  by  the  disappearance  of  one
band  or  a  considerable  (£¾80%)  decrease  in  band
intensity  in  heterozygotes,  whilst  microsatellite
instability  was  determined  by  expansion  and/or
contraction  of  microsatellite  sequences.

PCR  for  LOH  and  MI
A  standard  PCR  protocol  (primers,  Table  1)  was
followed  for  the  p53,  WT1,  D1  3S137,  RB(1.20),
D13S120,  D13S127,  D17S855,  and  D17S846  loci.
Each  PCR  reaction  consisted,  at  final  volume,  of
100ng  DNA,  1U  Taq  DNA  polymerase  (Promega,
Madison,   USA),   1×buffer,   1 mM   each   dATP,
dTTP,  dGTP,  0.1 mM  dCTP,  0.025 µCi  α 32  P
dCTP,  and  50 pmol  of  each  pr  imer;  in  a  total
volume  of  50 µL,  amplification  for  30  cycles  of
denaturation  at  94   for  30 s,  annealing  55   for
30 s,  extension  at  72   for  1min,  and  a  final  cycle
of  72   for  10  minutes.
       The  PCR  reaction  for  the  D16S301  and
D16S260  loci  (primers,  Table  1)  consisted,  at  final
volume,  of  100 ng  DNA,  1U  Taq-  DNA  Polymerase,
1×buffer,  0.1  %  gelatin,  1 mM  each  dGTP,  dATP,
dTTP,  0.1 mM  dCTP,  and  0.025 µCi  α  32P  dCTP,
50 pmol  of  each  primer;  in  a  total  volume  of  25 µL,
amplification  for  25  cycles  of  denaturation  at  94 
for  1 min,  annealing  at  55   for  2 min,  extension  at
72   for  2.5 min,  and  a  final  cycle  of  72   for  10
minutes.

p53  codon  249  mutation
The  p53  codon  249  mutation  was  detected  by  PCR
-RFLP  using  primer  sequences  F3  and R3  (Table  1),
and  confirmed  by  sequence  analysis.  The  PCR
reaction  consisted  of,  at  final  volume[6],  100 ng
DNA,  2.5U  of  Taq-DNA  polymerase  (Promega),
1×buffer,  1mM  MgCl2,  0.8 mM  each  of  dCTP,
dATP,  dGTP,  dTTP,  and  50 pmol  of  each  primer;
in  a  total  volume  of  50 µL,  amplification  for  30
cycles  of  denaturation  at  94   for  15 s,  annealing
at  56   for  15 s,  and  extension  at  72   for  30 s.
The  110 bp  PCR  product  was  sized  on  ethidium
bromide  stained  agarose  gels  against  a  100 bp  DNA
ladder  (Promega).  AG  to  T  transversion  at  the  third
base  of   codon   249   was   detected   by   the
presence   or  absence  of  a  HaeIII  restriction  site[6].
All  samples  shown  by  digestion  to  have  the  codon
249  mutation  were  sequenced  in  both  directions
both  upstream  and  downstream  in  separate  reactions,
to  confirm  the  presence  of  the  mutation.
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Sequencing
All  sequencing  was  carried  out  using  the  Sequenase
PCR  Product  Sequencing  Kit  (United  States
Biochemical  Corp.,  Cleveland,  Ohio),  according  to
the  manufacturer’s  instructions.

RESULTS
HBV  status
Seven  patients  were  currently  infected  with HBV  (5
of  these  were  HBsAg-positive  ;  HBeAg-negative;
the   HBeAg   status   of   the   remaining   2   was
unknown),  and  6  were  previously  infected  (anti-
HBc  and  anti-HBs-positive).  The  HBV  status  of
the  remaining  patients  was  not  known  (Table  2).

LOH/MI  analyses
LOH  was  noted  for  the  WT1  (1/13  subjects),  RB
(1.20)  ( 1/10  subjects ),  D13S120   ( 1/20   subjects )
and  D13S127  (2/14  subjects)  loci  (Table  2).
         The  D13S137  and  D13S127  loci  flank  the  RB1
gene,  while  the  RB  (1.20)  repeat  sequence  is  within
intron  20  of  the  same  gene.  LOH  at  the  D13S127
locus  suggests  loss  of  at  least  a  portion  of  the  RB1
gene  as  shown  in  2/14  informative  subjects.  LOH
at  RB  (1.20)  indicated  loss  of  the  RB1  gene  in  a

further  1/  10  informative  subjects.  The  RB1  gene
was    thus    lost    in    3/18    informative    subjects
(Table  2).  LOH  at  the  D13S120  and  D13S127  loci
flanking  the  BRC  A2-  gene  was  shown  in  2/20
informative  subjects    (Table  2).  No  LOH  was  found
for  any  of  the  remaining  loci  (Table  2).
         Microsatellite/genomic   instability   ( or  a  gain/
loss  of  microsatellite  repeats  )  was  found  in  15%  (3
/20)  of  subjects.

p53  gene  codon  249  analysis
The  p53  codon  249  mutation  was  detected  in  25%
of  the  subjects  using  PCR-RFLP  analysis,  and
confirmed  by  sequencing.  The  p53  codon  249
mutation  was  det  ected  in  the  tumor  tissue  of  3
subjects,  in  the  non-tumorous  liver  of  1  subject,  and
in  both  the  tumor  and  non-tumorous  liver  tissue  of  1
subject  (Table  2).
         Sequencing  gel  electrophoresis  of  the  p53  gene
product  revealed  a  gel  artifact,  in  all  subjects  with
wild-type  chromosomes,  previously  described  by
Kapelner  et  al (1994).
        All  tumors  were  at  an  advanced  stage.  No
attempt  was  made  to  correlate  the presence of  LOH
or  microsatellite  instability  with  clinical  or  other
features.
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Table 1 PCR primers

Gene/Locus Primer Primer sequence Amplicon Amplicon length

p53 p53F3 5’GTTGGCTCTGACTGT-ACCAC exon 7 spanning codon 249[6] 110bp
p53R3 5’CTGGAGTCTTCCAGT-GTGAT

p53 p53ivs1a 5’GCACTTTCCTCAACTCTACA ALU sequence within intron 1 200bp-300bp
p53ivs1b 5’AACAGCTCCTTTAATGGCAG of p53 gene[43]

D13S120 1353L 5’ATGACCTAGAAATGATACTGGC (AC)73repeat at D13S120[44] 112bp-136bp
(BRCA2) 1353R 5’CAGACACCACAACACACATT

D17S846 FF 5’TGCATACCTGTACTACTTCAG (GGAA)25 repeat a t D17S846[45] 250bp-300bp
(BRCA1) RF 5’TCCTTTGTTGCAGATTTCTTC

D17S855 FS 5’GGATGGCCTTTTAGAAAGTGG AC repeat at D17S855[46] 145bp
(BRCA1) RS 5’ACACAGACTTGTCCTACTGCC

WT1 400 5’AATGAGACTTACTGGGTGAGG AC repeat within 3’ untranslated 100bp-200bp
401 5’TTACACAGTAATTTCAAGCAACGG sequence of WT33[47]

RB1 B57 5’TGTATCGGCTAGCCTATCTC [CTTT(T)]n (n=14-26) repeat 400bp-600bp
B103 5’AATTAACAAGGTGTGGTGGT within intron 20 of RB gene[48,49]

D13S127 1341L 5’CAGATATGTACTCATGCACATG (AC)35 repea t at D13S127[44] 130bp-142bp
(BRCA2/RB1) 1341R 5’AAACAAATGAGTTTGGCTGT

D13S137 F 5’TTTCCTCATTCTTTCCCAATTG (GT)22 repeat at D13S137[50] ±135bp
(RB1) R 5’CAGGAGGGATGGACTCACTTC

E-cadherin E-cadF1 5’GATCCTAAGGACAAATGTAGATGCTCT D16S301 locus polymorphic 146bp
E-cadF1 5’AGCCACTTCCCAGAACTTGGCTTCC AC region[51]

E-cadherin E-cadF2 5’GGTTGAGATGCTGACATGC D16S260 locus polymorphic ±234bp
E-cadR2 5’CAGGGTGGCTGTTATAATG AC repeat region[52]

Note: WT1: Wilm’s tumor gene; RB1: Retinoblastoma gene; BRCA1: Brea st cancer susceptibility gene 1; BRCA2: Breast cancer
susceptibility gene 2; bp: base pairs.



DISCUSSION
LOH  of  the  p53  gene  has  been  reported  with
relatively  high  frequency  in  HCCs  from  Japan  (29%-
69%)[29,30],   and   also   from   southern   Africa  (60%),
an  d  Taiwan  (39.3%)[6,31].  No  LOH  was  detected
for   p53   in   this   study,   although   inactivation/
reduction  of  p53  gene  expression  or  of  its  product
by  means  other  than  LOH  may  have  occurred  in
our  population.  In  a  study  by  Walker  et  al  (1991),
p53  allele  loss  occurred  only  in  HBV-negative  tumors.
It  thus  appeared  as  if  a  mechanism  other  than  loss
of  one  p53  allele  and  mutati  on  of  the  second  allele
was  operating  in  HBV-positive  tumors,  thereby
eliminati  ng  fully  functional  p53  protein.  The  obvious
mechanism  would  be  the  formation  of  complexes
between  wild-type  p53  protein  and  viral  protein/?s
leading  to  the  loss  of  function  of  wild-type  p53
protein.  Such  associations  have  been  well  docume
nted  in  the  literature[32].  In  our  study  most  samples
were  HBV  positive  and  a  mechanism  such  as  that
mentioned    above,    rather    than   p53    gene
inactivation  by  physical  mutation  and  LOH,  may
have  been  operating  in  our  tumors  to  eliminate  the
function  of  the  p53  protein.  Alternatively,  should

both  alleles  of  t  he  p53  gene  be  mutated  in  ways
other  than  LOH  in  our  samples,  such  as  point
mutations  and  small  deletions  ( <50bp )[18],  these
would  not  have  been  de  tected  by  the  techniques
employed  in  this  study.
         The  p53  codon  249  mutation  was  detected  in
25%  (5/ 20)  subjects.  This  was  expected  as  the
subjects  were  southern  African  blacks,  some  of
whom  came  from  Mozambique  and  other  areas
where  aflatoxin  exposure  is  prevalent.  The  p53
codon  249  mutation  was  found  in  both  tumor  and
non-tumorous  liver  tissues  of  one  subject.  This  could
have  been  caused  by  contamination  of  the  non-
tumorous  liver  with  tumor  tissue.  In  another  subject
the  mutation  was  detected  in  the  non-tumorous  liver
only.  The  presence  of  this  mutation  has  been
documented  in  non-tumorous  liver  and  not  in  the
corresponding  tumor  tissues[33],  where  it  was
proposed  that  normal  liver  subjected  to  prolonged
aflatoxin  exposure  could  gradually  accumulate  high
levels  of  AGT  mutations,  whereas  the  mutation
would  not  necess  a  rily  arise  in  neoplastic  populations
that  were  cloned  from  single  progenitor  cells
resistant   to   aflatoxin.   Unfortunately,   insufficient

Table 2 LOH, SSCP and sequence analysis

         VNTRs
       p53 codon

      p53     WT1              RB1           BRCA2                   BRCA1          E-cadherin            249
Subject            HBV
number   (ALU)  (AC)  D13S137   RB1.20     D13S120  D13S127 D17S855 D17S846 D16S301 D16S260  T   NT           status

   (GT)2 2   [CTTT(T)]n    (AC)73        (AC)35            (AC)    (GGAA)25       (AC)       (AC)

1        NI        NI        -            -    -        NI -    -        -          NI       -/-   -/-   HBsAg+; HBeAg-
2        -        -        -            -    -        NI -    -        -          NI       -/-   -/-   HBsAg+
3        -        -        -            -    -        - -    -        NI          -        +/-   -/-  HBsAg+; HBeAg-
4        -        -        -            NI    -        - ?    NI        -          -        -/-   -/-   anti-HBc+; anti-HBs+
6        -        ?        ?            ?    -        NI ?    -        ?          -        +/-   -/-  HBsAg+; HBeAg-
7        ?        ?        ?            ?    -        - ?    ?        -          -        -/-   -/-   anti-HBs+; anti-HBc+
8               NI            +                            -        +/-   -/-  anti-HBs+; anti-HBc+
14        -        NI        ?            NI    -        + -    ?        ?          NI       -/-   -/-   anti-HBs+; anti-HBc+
16        ?        ?                   ?    +        + ?    ?                      -/-   -/-   HBsAg+
18        +        ?            ?        - ?    ?        ?               -/-   -/-   HBsAg+; HBeAg-
24        NI        -        NI            -    -        - -    -        NI          -        -/-   +/-  anti-HBs+; anti-HBc+
39        -        NI        -            ?    -        - -    NI        ?          -        -/-   -/-   HBsAg+; HBeAg-
40        NI        -        ?            -    -        NI -    -        ?          -        -/-   -/-   anti-HBs+; anti-HBc+
48        NI        -        -            -    -        - -    -        ?          ?        -/-   -/- ?
50        NI        -        -            NI    -        - -    NI        -          NI       -/-   -/- ?
51        NI        -        ?            NI    -        NI -    -        -          -        -/-   -/- ?
52        NI        -        NI            -    -        NI -    -        -          -        +/-   -/- ?
53        -        -        -            -    -        - -    -        NI          -        -/-   -/- ?
54        -        ?        -            -    -        - -    -        -          NI       -/-   -/- ?
56        NI        -        -            NI    -        - -    NI        NI          NI       -/-   -/- ?

Note: LOH: loss of heterozygosity; -: HBV status-negative for particular antigen/antibody, mutation studies-mutation absent; LOH
studies: no LOH; p53 codon 249 mutation analysis: G T transversion absent; +: HBV status-positive for particular antigen/ antibody,
mutation studies-mutation present, LOH studies: LOH, p53 codon 249 mutation analysis: G T transversion present;
 ?: results not obtained because of unsuccessful PCR or HBV status unknown; : a change in repeat number between tumor (T) and non-
tumorous liver (NT) in both chromosomes; / : an increase/decrease in repeat number between tumor (T) and non-tumorou s liver (NT)
in one chromosome; NI: not informative; VNTRs: Variable number of tandem repeat sequences; HBV: Hepatitis B virus; WT1: Wilm’s
tumor gene; RB1: Retinoblastoma gene; BRCA1: Breast cancer susceptibility gene 1; BRCA2: Breast cancer susceptibility gene 2; HBsAg:
hepatitis B virus S antigen; HBeAg: hepatitis B virus E antigen; anti-HBs: antibody to hepatitis B virus S antigen; anti-HBc: antibody to
hepatitis B virus C antigen
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tissue  was  available  in  these  two  patients  for
histopathological  examination,  so  we  cannot  exclude
microscopic  contamination  as  a  cause  of  this  finding
in  the  two  subjects.  Two  patients  with  a  codon  249
G¡úT  transversion  were  HBsAg  positive,  2  subjects
were  anti-H  Bs/anti-HBc  positive  and  the  HBV
status  of  1  subject  was  unknown.  This  concur  red
with  previous  studies  where  mutations  at  codon  249
were  not  found  in  non-HB  V-related  HCCs[34],  and
is  in  agreement  with  previous  work  which  suggests
that  both  aflatoxin  exposure  and  HBV  infection  are
required  for  this  mutation  to  occur[29,33].
        A  gel  artefact  generated  by  formation  of  a
mini  hairpin  secondary  structure  in  the  codon  249
region   of   the   p53   gene   in   34   wild   type
chromosomes,  lead  to  a  “missing”  G  at  the  third
base  of  codon  249  in  the  sequence  of  the  sense
strand[35].  In  a  study  by  Kapelner  et  al  (1994),  as
with  our  samples,  Hae-III  digest  confirmed  the
presence  of  the  recognition  sequence  GGCC.
However,  since  there  has  been  no  other  report  of
this  “G  deletion”  in  such  a  commonly  sequenced
region,  Kapelner  et  al  (1994)  suggested  that  this
artifact  may  not  occur  often.
        LOH  appears  to  have  occurred  in  4  subjects
at  the  RB1  (3/18  ro  17%),  BRCA2  (2/20  or  10%)
and  WT1  (1/13  or  8%)  loci  (2 of  these  subjects  had
LO  H  at  both  the  RB1  and  BRCA2  genes).  Although
reduction  to  homozygosity  h  as  been  apparent  in
certain  individuals,  and  has  consistently  been  scored
as  LOH,  ‘band  disappearance’  may  also  be  caused
by  a  gain/loss  in  microsatellite  repeats.  We  think,
however,  that  this  is  unlikely  to  be  the  case  in  so
many  indiv  iduals.
       LOH  of  the  retinoblastoma  gene  has  been
documented  in  33%  of  HCCs  from  Korea[12],  16%-
73%  of  HCCs  from  Japan[18,30]and  27%  of  HCCs
from  Austra  lia[36].  One  copy  of  the  RB1  gene  was
lost  in  17%  (3/18)  of  HCCs  in  this  study.  Although
our  sample  is  small,  this  frequency  differs  from  the
higher  percentages  found  thus  far.  This  may  reflect
population  differences,  LOH  of  t  he  RB1  gene  may
play  a  role  in  a  small  subset  of  southern  African
HCCs.  Coin  cident  mutation  of  the  p53  and  RB1
genes  has  been  observed  in  25%[18],  and  12.9%[37]

of  advanced  HCCs  in  Japan  and  Australia
respectively[36].  Mutations  and  LOH  in  these  genes
is  most  frequently  observed  in  advanced  stage
HCCs,  like  those  investigated  here.  However,  no
coincident  mutati  on  of  these  genes  was  detected  in
this  study.
        LOH  of  the  BRCA2  gene  has  been  reported
in  3%  of  Japanese  HCCs[15],  and  in  40%  of  HCCs
from  the  USA[16].  In  this  study  one  copy  of  the
BRCA2  gene  was  lost  in  10%  (2/20)  HCCs.  This

finding  supports  the  notion   that   BRCA2   may
function  as  a  tumor  suppressor  gene  in  the  liver[15],
and  that  it  may  in  some  way  be  involved  in  the
progression  of  a  small  number  of  HCCs.  To  our
knowledge,  LOH  of  the  BRCA1  gene  has  been
reported  only  once,  in  a  study  in  which  11.5%  (3/
6)  of  HCCs  showed  LOH  at  this  locus[12]. No  LOH
was  found  for  this  gene  in  our  sample  population.
LOH  at  11p13,  the  region  containing  the  WT1
gene,  as  well  as  LOH  of  the  gene  itself  has  been
reported  in  4%-7%  HCCs[12,16].  Our  result  of  8%
(1/13)  LOH  agrees  with  these  findings.  LOH  of
the  region  where  the  E-cadherin  gene  is  located
(16q22)  has  been  reported  in  64%-91%  of  Chinese
and  Japanese  HCCs[25,26].  No  LOH  w  as  found  for
this  gene  in  our  study.  Although  all  the  HCCs  used
in  this  study  were  in  advanced  stages,  it  was  not
established     whether    they    were    highly
undifferentiated.  There  may  be  retention  of  E-
cadherin  expression  in  these  samples  and  no  loss
of  intercellular  adhesiveness.
         We  cannot  say  whether  HBV  played  any  role
in   the   chromosome   losses   reported   here[37].
Cumulative  LOH  is  thought  to  reflect  the  sequential
development  of  HCC  progression.
         LOH  of  a  number  of  tumor  suppressor  genes
may  be  important  in  the  advancement  of  HCC[37].
Frequent  loss  of  tumor  suppressor  genes  has  been
reported  in  Korean  HCCs,  where  86%  HCCs  had
LOH   of  1  gene,  and  59%  had  LOH  of  2 - 4
genes[12].  Piao  et  al  (1997),  investigated  10  tumor
suppressor  genes  (-VHL,  APC,  EXT1,  WT1,  RB1,
p53,  BRCA1,  nm23,  DPC4,  DCC).   The   genes
most  often  lost  were  p53  (66%),  RB1  (33%),
EXT1  (33%),  and  APC  (20%).  The  genes  found
to  be  lost  most  often  in  our  study  were  RB1  (17%)
and  BRCA2  (10%).  However,  as  the  total  LOH  of
the  p53,  RB1,  BRCA1,  BRCA2,  WT1  and  E-
cadherin  genes  in  this  study  was  20%  (4/20),  we
conclude  that  LOH  of  tumor  suppre  ssor  genes  is
infrequent  in  our  HCCs.
         Microsatellite/genomic  instability  is  reflected
in  the  expansion/contraction  of  microsatellite
sequences,  and  is  thought  to  be  a  product  of
replication  errors[38].  Microsatellite   instability   has
been  considered  to  be  insignificant  in  HCC
development  by  some  authors,  while  others  believe
that  it  may  be  significant[39].  To  our  knowledge,
this  is  the  first  time  microsatellite  instability  has
been  looked  at  in  HCCs  from  a  southern  African
black  population.  It  is  important  to  note  that  there
are  differences  in  allele  frequency  between  our
so  uthern  African  Negroid  population  and  the  Asian,
European  and  Australian  populat  i  ons,  characterized
previously   at   the   WT1,   D13S137,   D13S120,
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D13S127,  D17S855  ,  D16S301,  and  D16S260  loci
(paper   in   preparation ).   Microsatellite   instability
has  been  documented  in  40%  of  HCCs  from  the
USA[39],  and  in  41%  of  HCCs  at  two  or  more  loci  in
a  French  study[40].  In  a  Korean  study  microsatellite
instability  was  detected  in  4/10  ( 40% )  HCCs,
where  each  subject  showed  inst  ability  at  two  or
more  loci[39].  Of  the  9  markers  used  in  their  study,
3  showed  genetic  instability  in  one  or  more  subjects.
In  our  study  3/20  (15%)  H  CCs  showed  instability
at  two  or  more  loci.  Of  the  10  loci  investigated,  9
showed  genetic  instability  in  one  or  more  subjects.
Cumulative  microsatellite  in  stability  indicates
advanced  HCC.  One  of  these  subjects  also  had  the
codon  249  mutation  in  the  p53  gene.  We  were  not
able  to  determine  whether  joint  changes  at  the  loci
were  necessary  for  tumor  development,  or  whether
they  represented  independent  events   in   tumor
initiation  and/or  progression.  Microsatellite/  genomic
instability   is   believed   to   occur   at   random   and
may  reflect  alteration  of  the  entire  genome  of  the
cancer  cell[41].  The  order  of  these  changes  is
most  likely  insignificant.  Their  cumulative  effect
however,  may  be  important  [42].  We  propose  that
microsatellite/genomic  instability  may  play  a  role
only  in  a  small  subset  of  HCC  in  our  population.
        In   conclusion,   our   observations   support   a
possible  role  of  p53,  WT1 and  BRCA2  genes  in  the
pathogenesis   of   HCC,   and   that   microsatellite
instability  appears  to  be  an  important  factor
contributing  to  HCC  development  in  a  subset  of  our
HCCs.
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Abstract

AIM   To examine the effect of irsogladine, a
novel antiulcer drug, on the mucosal ulcerogenic
response to monochloramine ( NH2Cl ) in rat
stom ach, in comparison with rebamipide,
another  antiulcer  drug  with  cytoprotective
activity.
METHODS  AND RESULTS Oral administration of
NH2Cl (120 mM) produced severe hemorrhagic
lesions in unanesthetized rat stomachs. Both
irso gladine (1 mg/kg-10 mg/kg, po) and
rebamipide (30 mg/kg -100 mg/kg, po) dose-
dependently prevented the development of
these lesions in response to NH2Cl, the effect of
irsogladine was significant at 3 mg/kg or
greater,  and  that  of  rebamipide  only  at
100 mg/kg. The protective effect of irsogladine
on  NH2Cl-induced  gastric  lesions  was
significantly reduced by NG-nitro-L-arginine
methyl ester (L-NAME) but not by indomethacin,
while that of rebamipide was significantly
mitigated by indom ethacin but not by L-NAME.
Topical application of NH2Cl (20mM) caused a
marked reduction of potential difference (PD)
in ex-vivo stomachs. This PD reduction was not
affected by mucosal application of irsogladine,
but significa ntly prevented by rebamipide. The
mucosal exposure to NH4OH (120 mM) also
caused a marked PD reduction in the ischemic
stomach (bleeding from the carotid artery),

resulting in gastric lesions. These ulcerogenic
and PD responses caused by NH4OH plus
ischemia were also significantly mitigated by
rebamipide, in an indomethacin-sensitive
manner, while irsogladine potently prevented
such lesions without affecting the PD response,
in a L-NAME-sensitive manner.
CONCLUSION These results suggest that 
NH2Cl generated either exogenously or
endogenously damages the gastric mucosa, 
both irsogladine and rebamipide protect the
stomach against injury caused by NH2Cl, and 
the mechanism underlying the protective action
of irsogladine is partly mediated by endogenous
nitric oxide, while that of rebamipide is in part
mediated by endogenous prostaglandins.

INTRODUCTION
Helicobacter  pylori,  recognized  as  the  major  cause
of  gastritis  and  peptic  ulcer  diseases[1-3]has  a  high
activity  of  urease,  resulting  in  a  high  concentration
of  amonia  (NH4OH)  in  the  stomach  of  infected
patients[3].   Since   H.   pylori   associated   chronic
active  gastritis  is  characterized  by  an  invasion  of
neutrophils  in  the  gastric  mucosa[1,2,4]  and  since
neutrophils  utilize  the  H2O2-myeloperoxidase-halide
system  to  generate  an  oxidant  capable  of  destroying
a  variety  of  mammalian  cell  targets  as  well  as
microorganis  ms[5,6],  it  is  assumed  that  neutrophil-
derived  hypochlorous  acid  (HClO)  interacts  with
NH4OH  to  generate  cytotoxic  monochloramine
(NH2Cl)[7,8].   Indeed,   it   has   been   shown   that
NH2Cl  plays  a  role  in  the  pathogenesis  of  NH4OH-
induced  gastric  lesions  in  rats[9,10].  We  have  also
reported  previously  that  both  endogenous  and
exogenous  NH2Cl  damaged  the  gastric  mucosa  at
much  lower  concentrations  than  NH4OH[11,12].
        Irsogladine,   a   novel   antiulcer   drug   [ 2, 4-
diamino- 6- (  2,  5- dichlorophenyl   )-s-triazine
maleate],   has  been   shown   to   not   only   prevent
gastric   mucosal  lesions  in  a  wide  variety  of
experimental   models  but   show   the   healing
promoting   action   of   gastric  ulcers  as  well,  without
any  suppression  of  gastric  secretion[13-15].  These
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effects  of  irsogladine  may  be  accounted  for  by
cytoprotective  activity,  yet  the  detailed  mechanism
is  not  fully  understood.  Thus,  it  is  of  in  terest  to
test  whether  this  agent  has  any  prophylactic  action
against  NH2Cl-i  nduced  gastric  lesions.
         In  the  present  study,  we  examined  the  effects
of  irsogladine  on  the  mucosal  ulcerogenic  response
induced  by  NH2Cl,  either  administered  exogenously
or  occurring  endogenously,  and  compared   those
with  the  effects  of  another  cytoprotective  drug,
rebamipide.  We  also  investigated  the  underlying
mechanism  of  their  protection,  especially  in  relation
to  endogenous  prostaglandins  (PGs)  and  nitric  oxide
(NO).

MATERIALS  AND  METHODS
Animals
Male  Sprague-Dawley  rats  (200 g-240 g  in  weight,
Nippon  Charles  River  ,  Shizuoka,  Japan)  were  used
in  all  experiments.  The  animals,  kept  in  separate
cages  with  raised  mesh  bottoms,  were  deprived  of
food  but  allowed  free  access  to  tap  water  for  18
hours  prior  to  the  experiments.  Studies  were  carried
out  using  four  to  eight  rats  under  either  conscious
or   anesthetized   conditions   induced   by   urethane
(1.25 g/kg,   ip).    All   experimental   procedures
described  here  were  approved  by  the  Experimental
Animal   Research   Committee   of   the   Kyoto
Pharmaceutical  University.

General  procedures
The  experiments  were  classified  into  roughly  two
studies:  one  was  to  investigate  the  effects  of
irsogladine  and  rebamipide  on  gastric  ulcerogenic
response  to  exogenously  administered  NH2Cl  in
unanesthetized  rats,  and  the  other  was  to  investigate
their  effects  on  gastric  ulcerogenic  response  to
NH4OH  in  anesthetized  rats  subjected  to  ischemia.
In  the  latter  situation,  it  is  assumed  that  NH2Cl  is
generated  endogenously  from  interaction  of  NH4OH
with  neutrophil-derived  HClO[10].

Induction  of  gastric  lesions  induced  by  NH2Cl
The  effects  of  irsogladine  and  rebamipide  on  gastric
mucosal  ulcerogenic  response  induced  by  exogenous
NH2Cl.  The  animals  were  administered  1 ml  of
NH2Cl  (120 mM)-po  by  esophageal  intubation.  The
solution  of  NH2Cl  was  prepared  by  mixing  NH4OH
(240 mM)  and  HClO  (240 mM)  in  a  test  tube,
immediat  ely  before  the  administration.  The  animals
were  sacrificed  1  hour  after  the  admi  nistration  of
NH2Cl,  and  the  stomachs  were  removed,  inflated
by  injecting  8  mL  of  2%  formalin  and  immersed  in
2%  formalin  for  10 min  to  fix  the  gastric  wall,  and
opened  along  the  greater  curvature.   The   area
(mm2)  of  hemorrhagic  lesions  was  measured  under
a  dissecting  microscope  with  a  square  grid  (×10).

The  person  measuring  the  lesions  did  not  know  the
treatment  given  to  the  animals.  These  procedures
were  used  in  all  the  subsequent  studies  for  evaluating
macroscopical   lesions.   Irsogladine  ( 1,   3   and
10 mg/kg )   and  rebamipide  ( 30  and  100 mg/kg )
were  administered  po   30 min   before   NH2Cl
treatment.      In     some     cases,     indomethacin  (10
mg/kg,  sc)  or  L-NAME  ( 10  mg/kg,  iv )  was  given
60 min  or  40 min  before  NH2Cl  treatment.

Measurement  of  transmucosal  potential
difference
Transmucosal  potential  difference  ( PD )  was
measured  in  chambered  stomachs  of  anesthetized
rats  as  previously  described[15].   Briefly,   a   rat
stomach  was  mounted  on  an  ex-vivo  chamber  (area
exposed  3.14 cm2)  and  perfused  at  a  flow  rate  of
1mL/min  with  saline  (154mM-NaCl).  PD  was
determined  using  two  agar  bridges,  one  positioned
in  the  chamber  and  the  other  in  the  abdominal
cavity,  and  monitored  continuously  on  a  recorder
(U-228,       Tokai-Irika,     Tokyo,     Japan ).
Approximately  1h  after  PD  was  stabilized,  the
perfusion  system  was  interupted  and  the  solution  in
the  chamber  was  withdrawn,  and  the  mucosa  was
exposed  to  1 mL  carboxymethyl  cellulose  (CMC)
solution  (control  group),  20 min  later  followed  by
1 mL  NH2Cl  (20 mM,  the  final  concentration  is
10 mM)  for  10 min.  After  application  of  NH2Cl,  the
mucosa  was  rinsed  with  saline,  another  2 mL  saline
was   instilled,   and   the   perfusion   system   was
resumed.   Irsogladine   ( 3  mg/kg )  or   rebamipide
(100 mg/kg)  was  app  lied  to  the  chamber  for  30 min
in  place  of  CMC  solution,  starting  20 min  before
NH2Cl  treatment.  In  a  separate  experiment,  the
animals  were  subjected  to  ischemia  by bleeding  from
the  carotid  artery  ( 1 mL/100 g  body  weight ),  then
the  mucosa  was  exposed  to  1 mL  of  CMC,  2 0min
later  followed  by  1  mL  of  NH4OH  (120 mM,  the
final  concentration  is  60 mM )  for  1  hour. At  the
end  of  the  experiment,  the  mucosa  was excised,  and
the  area  ( mm2 )  of  hemorrhagic  lesions  was
measured   as   described   as   above.   Irsogladine
(3 mg/kg  )  or  rebamipide  (100 mg/kg)  was  applied
to  the  chamber  10min  before  the  onset  of  ischemia
plus  NH4OH  treatment.  Control  animals  received
CMC  as  the  vehicle.  In  some  cases,  indomethacin
(10 mg/kg)  was  given  sc  30 min  before  rebamipide,
while  L-NAME ( 10mg/kg )  was  given  iv  10  min
before  irsogladine  treatment.

Preparation  of  drugs
Drugs  used  in  this  study  were  urethane  (Tokyo
Kasei,   Tokyo,   Japan ),    irsogladine    ( Nihon-
Shinyaku  Co.,  Kyoto,  Japan),  rebamipide  (Otsuka
Pharmaceutical   Co.,   Toku   shima,   Japan ),
indomethacin  and  L-NAME  (Sigma  Chemicals,  St.
Louis,  MO,  USA).  I  ndomethacin  was  suspended  in
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saline  with  a  drop  of  Tween  80  (Wako,  Osaka,
Japan),  while  L-NAME  was  dissolved  in  saline.
Other  drugs  were  suspended  with  0.5%  CMC
solution.  Each  drug   was   prepared   immediately
before  use  and  administered  poorsc  in  a  volume  of
0.5 mL/100 g  body  weight  or  iv  in  a  volume  of
0.1 mL/100 g  body  weight  or  applied  topically  to
the  chamber  in  a  volume  of  1mL/stomach.

Statistics
Data  are  presented  as  the  means±SE  from  4  to  8
rats  per  group.  Statistically  analyses  were  performed
using  two-tailed  Student’s  t  test  or  Dunnett’s
mult  iple  comparison  test,  and  P<0.05  values  were
regarded  as  significant.

RESULTS
Effects  of  irsogladine  on  gastric  ulcerogenic
response  to  NH2Cl
Intragastric  administration  of  NH2Cl  caused  severe
band-like  hemorrhagic  lesi  ons  in  the  gastric  mucosa,
the  lesion  score  being  138.0 mm2 ± 19.0 mm2.
Pretreatment  of  the  animals  with  irsogladine  (1,  3
and  10 mg/kg,  po)   significantly   reduced   the
severity  of  gastric  lesions  in  response  to  NH2Cl  in
a  dose-dependent  manner.  The  degree  of  inhibition
was   35.1%,   86.3%   and   83.3%,   respectively
(Figure  1 ).  Rebamipide  ( 30  and  100 mg/kg,  po )
also  lowered  the  severity  of  gastric  lesions  induced
by   NH2Cl,   but   the   degree   of   inhibition   at
100mg/kg  was  59.3%,  which  was  less  than  that
obser  ved  by  irsogladine  at  3mg/kg.

Effects  of  L-NAME  and  indomethacin  on
protective  action  of  irsogladine  against  NH2Cl-
induced  gastric  lesions
The  severity  of  gastric lesions  induced by  NH2Cl
was  not  affected  by  prior  administration  of  either
indomethacin  (5mg/kg,  sc)  or  L-NAME  (10  mg/kg,
iv),  the  lesion  score  being  146.8mm2±9.8mm  2  or
135.6 mm2±7.0 mm2,  respectively  (Figure  2).
However,  the  pro  tective  action  of  irsogladine  (3
mg/kg,  po)  against  NH2Cl-induced  gastric  lesions
was  significantly  mitigated  by  prior  administration  of
L-NAME  but  not  indomethacin;  the  lesion  score  in
the  presence  of  L-NAME  was  72.8 mm2±9.1 mm2,
which  was  significantly  greater  than  that  observed
in  the  absence  of  L-NAME  (19.8 mm2±3.1 mm2).
By  contrast,  indomet  hacin  but  not  L-NAME
significantly  antagonized  the  protective  action  of
rebamip  ide  (100 mg/kg,  po)  against  these  lesions.

Effects  of  irsogladine  on  mucosal  PD  response
induced  by  NH2Cl
Normal  stomachs  mounted  on  the  chamber  and
perfused  with  saline  generate  d  a  stable  PD  of  -30
to  -38 mV  ( mucosa  negative ),  and  the  values

remained  relatively  unchanged  during  a  2-hour  test
period.  Mucosal  exposure  to  NH2Cl  (10 mM)  caused
a  marked  reduction  of  PD  to  60.0%±6.2%  of  basal
values  within  10 min,  and  the  PD  remained  low  for
1  hour  thereafter  (Figure  3).  The  PD  reduction  in
response  to  NH2Cl  was  not  affected  by  prior
exposure  of  the  mucosa  to  irso  gladine  (3 mg/kg).
However,  the  reduced  PD  response  to  NH2Cl  was
signif  icantly  mitigated  when  the  mucosa  was  pre-
exposed  to  rebamipide  (100 mg/kg) for  30 min;  the
PD  reduced  to  57.7%±3.1%  of  basal  values  10 min
later,  which  was  significantly  less  as  compared  with
that  ( 60.0%±6.2%  of   basal   values )   in   control
rats.

Effects  of  irsogladine  on  mucosal  ulcerogenic
and  PD  responses  induced  by  NH4OH  under
ischemic  conditions
To  confirm  the  protective  action  of  irsogladine  and
rebamipide  on  NH2Cl-induc  ed  gastric  toxicity,  we
tested  the  effects  of  these  drugs  on  the  mucosal
ulcerogenic   and   PD   responses   induced   by
endogenously  generated  NH2Cl  by  application  of  a
low  concentration  of  NH4OH  (60 mM)  in  the
ischemic  stomach[9].  As  shown  in  Figure  4,  topical
application  of  NH4OH  at  60 mM  produced  a
persistent  reduction  of  PD  in  the  stomach  made
ischemic  by  bleeding;  the  PD  was  reduced  to 42.6%
±6.2%  of  basal  values  within  10min  and  remained
low  thereafter.  This  conc  entration  of  NH4OH  did
not  have  any  effect  on  PD  in  normal  stomachs
without  subjecting  to  ischemia  (not  shown).  The
reduced  PD  response  to  NH4OH  plus  ischemia  was
not  affected  by  prior  exposure  of  the  mucosa  to
irsogladine  ( 3 mg/kg ),  in  the  absence  or  presence
of  L-NAME.  By  contrast,  rebamipide ( 100 mg/kg )-
pre-exposed  to  the  mucosa  significantly  attenuated
the  PD  reduction  in  response  to  NH4OH  plus
ischemia.  In  these  animals  the  recovery  of  PD  was
also  significantly  expedited,  and  the  PD  almost
completely  normalized  within  60min  after  NH4OH
plus  ischemia.  In  addition,  the  preventive  effect  of
rebamipide  on  the  PD  response  to  NH4OH  plus
ischemia  was  also  significantly  antagonized  in  the
presence  of  indomethacin.
        On  the  other  hand,  the  mucosal  exposure  to
NH4OH  in  the  ischemic  stomachs  resulted  in  severe
hemorrhagic  lesions  within  1  hour,  the  lesion  score
being  53.6 mm2 ± 12.2 mm2  ( Figure  5 ).  The
development  of  gastric  lesions  induced  by  NH4OH
plus  ischemia  was  significantly  prevented  by
irsogladine  ( 3 mg/kg )  as  well  as  rebamipide
(100 mg/kg ),   the   inhibition   being   79.5%   and
82.3%,   respectively.   The   protective   effect   of
irsogladine  or  rebamipide  against  NH4OH  plus
ischemia-induced  gastric  lesions  was  significantly
antagonized   by   L-NAME   or   indomethacin,
respectively.
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Figure1 Effects of irsogladine and rebamipide on ga stric lesions
induced  by  NH2Cl  in  rats.  The  animals  were  given  NH2Cl
(120 mM:5mL/kg) po, and sacrificed 1 hour later. Irsogladine
(1mg/kg-10 mg/kg ) or rebamipide ( 30, 100 mg/kg) was given
po 30 min before administration of NH2Cl. Data are presented
as the mean±SE fr om 5-7 rats. aStatistically significant difference
from control (P<0.05).

Figure2  Effects of indomethacin and L-NAME on the mucosal
protective action of irsogladine and rebamipide against NH2Cl-
induced gastric lesions in rats. The animals were administered po
with 1mL of NH2Cl (120 mM), and sacrificed 1 hour later.
Irsogladine (3 mg/kg) or rebamipide (100 mg/kg) was given po 30
min before NH2Cl treat ment. Indomethacin (5 mg/kg, sc) or L-
NAME (10 mg/kg, iv) was given 30 or 10 min before the
above agents. Data are presented as the mean±SE from 5-8
rats. Statistically significant difference at P<0.05; *from the
corresponding control (CMC);#from the corresponding value in
normal group.

Figure3   Effects of irsogladine and rebamipide on ch anges in
transmucosal PD in response to NH2Cl in anesthetized rat
stomachs. Th e stomach was mounted on an ex-vivo chamber, and
NH2Cl (20 mM; 1 mL) was applied topically to the stomach for
10min. Irsogladine (3 mg/kg) or rebamipide (100 mg/kg) was
applied to the chamber for 30 min, starting 20 min before exposure
to  NH2Cl.  Data  are  presented  as  the  mean ± SE  of  value
sdetermined every 5min from 5-7 rats. aStatistically significant
differen ce from control, P<0.05.

Figure4   Effects of irsogladine and rebamipide on changes in
transmucosal PD in response to NH4OH in rat stomachs under
ischemic conditions. The stomach mounted on a ex-vivo chamber
was subjected to ische mia by bleeding from the carotid artery
(1 mL/100 g body wt), and then e xposed to NH4OH (120 mM;
1 mL) for 1h thereafter. Irsogladine (3 mg/kg) or rebamipide
(100 mg/kg) was applied to the chamber 20 min before the onset
of ischemia and NH4OH treatment. Indomethacin (5 mg/kg, sc)
or L-NAME (10 mg/kg, iv) was given 30 or 10 min before the
above agents. Data are presented as the mean±SE of values
determined every 5 min from 5-6 rats. Statistically significant
difference at P<0.05; *from control; #from vehicle.

Figure5  Effects of irsogladine and rebamipide on ga stric mucosal
lesions induced by NH4OH in anesthetized rat stomachs under
ischemic conditions. The stomach mounted on an ex-vivo chamber
was subjected to ischemia by bleeding from the carotid artery
(1 mL/100 g  body  weight),  and  then exposed  to  NH4OH
(120 mM)  for  1 h  thereafter.  Irsogladine  (3 mg/kg)  or
rebamipide (100 mg/kg)- was applied to the chamber 20 min
before the onset of ischemia and NH4OH treatment. Indomethacin
(5 mg/ kg, sc ) or L-NAME ( 10 mg/kg, iv ) was given 30 or
10 min before the above agents. Data are presented as the mean±
SE from 4-6 rats. Sta tistically significant difference at P<0.05;
*from control;#f rom vehicle.



DISCUSSION
The  present  study  demonstrated  that  irsogladine,  a
novel  antiulcer  drug,  conferred  a  protection  against
gastric  damage  induced  in  rat  stomachs  by  NH2Cl,
either  given  exogenously  or  occurred  endogenously.
We  also  found  that  rebamipide,  another  antiulcer
drug,   showed   similar   protection   against   such
damage,  although  the  effect  was  less  potent  than
that  of  irsogladine.  In  addition,  the  present  results
suggest  that  the  mechanisms  underlying  their
protection  are  different;  the  protective  action  of
irsogladine  is  partly  mediated  by  endogenous  NO,
while  that  of  rebamipide  is  accounted  for  by
endogenous  PGs  as  well  as  a  radical  scavenging
action.
        H.  pylori  has  a  high  urease  enzyme  activity,
resulting  in  an  abnormally  high  concentration  of
ammonia  (NH4OH)  in  the  stomach  of  infected
patients[3].  It  is  also  known  that  NH4OH  interacts
with  neutrophil-derived  HClO  to  gen  erate  cytotoxic
NH2Cl,  a  powerful  oxidant  capable  of  destroying  a
variety  of  micro-organisms  as  well  as  mammalian
cell  targets[4-7].  Murakami  et  al[17]  demonstrated  in
rats  that  NH4OH-induced  gastric  mucosal  lesions
were  significantly  inhibited  by  taurine,  a  scavenger
of  HClO,  suggesting  a  pathogenic  role  of  NH2Cl  in
the  development  of  such  lesions.  We  also  found
previously  that  the  mixture  of  low  concentration  of
NH4OH  and  HClO,  which  did  not  have  any  gastric
mucosal  toxicity  by  each  alone,  caused  severe  lesions
in  the  rat  gastric  mucosa  under  unanesthetized
conditions[11,12].  In  addition,  we  reported  that  the
gastric  lesions  induced  by  endogenously  generated
NH2Cl  by  a  low  concentration  of  NH4OH  plus
ischemia  were  totally  prevented  by  taurine  in
anesthetized  ex-vivo  stomachs[11,12].  It  is  known
that  ischemia  activates  xanthine  oxidase,  which  is
responsible  for  the  production  of  reactive  oxygen
metabolites  such  as  H2O2,  and  that  the  generation
of  HClO  by  neutrophils  is  dependent  on  the  quantity
of  H2O2  produced[4,5].  It  may  therefore  be  assumed
that  NH4OH  even  at  low  concentrations  produces
NH2Cl  by  intera  ction  with  HClO  in  the  ischemic
stomach,  resulting  in  damage  to  the  mucosa.
       The    gastric    lesions    induced    by    oral
administration    of    NH2Cl    were    significantly
prevented  by  irsogladine  as  well  as  rebamipide  in  a
dose-dependent  manner,  although  the  effect  of
irsogladine   was   more   potent   than   that   of
rebamipide.  Similar  results  were  obtained  by  these
drugs  against  gastric  lesions  induced  by  NH4OH
plus  ischemia,  where  NH2Cl  is  assumed  to  be
generated  endogenously  from  inter  action  of  NH4OH
with  neutrophil-derived  HClO[10].  These  results  clearly
showed  that  both  irsogladine  and  rebamipide
conferred  a  protection  against  damage  induced  by

NH2Cl,    either    administered   exogenously   or
occurring  endogenously.  However,  the  mechanisms
underlying  gastric  protection  seemed  to  be  different
between  these  two  drugs.  The  protective  action  of
irsogladine  was  significantly  attenuated  by
pretreatment  with  L-NAME  but  not  indomethacin,
while  that  of  rebamipide  was  attenuated  by
indomethacin  but  not  L-NAME.   These   results
suggest  that  the  protective  action  of  irsogladine  and
rebamipide  may  be  mediated  by  endogenous  NO
and  PGs,  respectively.  Moreover,  these  drugs  caused
different  effects  on  the  PD  response  induced  by
NH2Cl   or   NH4OH   plus   ischemia.   Rebamipide
signifi  cantly  prevented  the  PD  reduction  in  response
to  these  treatments  while  irsogladine  had  no  effect
on  such  PD  responses.  It  is  considered  that  gastric
PD  is  one  of  the  indicators  for  the  integrity  of  the
gastric  mucosa,  including  the  develop  ment  of
mucosal   injury   as   well   as   the   recovery   from
injury[18,19].  From  the  present  results,  it  is  suggested
that  irsogladine  does  not  inhibit  the  onset  of  injury
caused   by   NH2Cl   but   prevents   the   ultimate
generation   of   gastric   damage,   probably   by
preventing  the  later  extension  of  injury,  while
rebamipide  redu  ced  the  gastric  ulcerogenic  response
by  inhibiting  the  initial  irritating  action  of  NH2Cl
on  the  mucosa.
         The  local  release  of  NO  regulates  the  gastric
mucosal  microcirculation  and  maintains  the  mucosal
integrity  in  collaboration  with  PGs  and   sensory
neurons[20,21].  At  present,  the  mechanism  by  which
irsogladine  stimulates  the  release  of  NO  in  the
gastric  mucosa  remains  unknown.  We  previously
reported  that  mucosal  application  of  NO  donor
prevented  the  development  of  gastric  lesions  induced
by  NH2Cl  without  any  influence  on  the  PD
responses[11,12].  These  data  are  in  agreement  with
the  present  findings  that  irsoglandine  reduced  the
severity  of  NH2Cl-induced  gastric  lesions  but  had
no  effect  on  the  reduced  PD  response.  On  the
other  hand,  it  has  been  shown  that  rebamipide
protects  the  gastric  mucos  a  from  various  necrotizing
agents  by  increasing  PG  biosynthesis  in  the  mucosa
and  scavenging  free  redicals[22-24].  Exogenous  PGE2

has  also  been  shown  to  inhibit  gastric  lesions  in
response  to  NH2Cl  or  NH4OH  plus  ischemia[11].
These  data  support  the  present  observation  that
rebamipide  protected  the  stomach  against  NH2Cl-
induced  damage,  in  an  indomethacin-sensitive  manner.
It  should  also  be  noted  in  the  present  study  that
rebamipide  prevented  the  PD  reduction  in  response
to  NH2Cl  or  NH4OH  plus  ischemia.  Since  taurine,
a  scavenger  of  HClO,  markedly  suppressed  the  PD
reduction  caused  by  NH2Cl[11,12],  it  is  likely  that
rebamipide  may  prevent  gastric  ulcerogenic  and  PD
responses  to  NH2Cl  through  a  radical  scavenging
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action,  in  addition  to  mediation  by  endogenous
PGs.
       In   conclusion,   the   present   results   taken
together  suggest  that  NH2Cl  generated  either
endogenously  or  exogenously,  damages  the  gastric
mucosa  at  a  low  concentration.  Gastric  mucosal
lesions  caused  by  NH2Cl  was  prevented  by  both
irsogladine  and  rebamipide,  although  the  former
action  was  more  potent  than  the  latter.  Although
the  exact  mechanisms  underlying  gastroprotection
afforded  by  irsogladine  and  rebamipide  remain
unknown,  it  is  assumed  that  their  mechanisms  are
different;  the  effect  of  irsogladine  is  mediated  at
least  partly  by  endogenous  NO,  while  that  of
rebamipide  is  attributable  to  endogenous  PGs as  well
as  its  radical  scavenging  action.  Since  an  important
feature   of   H.   pylori   infection   is   neutrophil
infiltration  in  the  gastric  mucosa[1,2],  it  is  possible
that  NH2Cl  is  formed  in  the  inflammed  gastric
mucosa,  where  neutrophil  and  H.  pylori  are  located
in  juxtaposition.  Thus,   the   present   study   also
suggests  that  irsogladine  may  have  therapeutic
potential  in  the  prevention  and/or  treatment  of
gastric  mucosal  damage  related  to  H.  pylori.
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Abstract

AIM   To report a single Australian oncology
unit’s experience with the management of
patients with hepatocellular carcinoma (HCC),
in the context of a literature review of the
current management issues.
METHODS  Retrospective case record review of
76 patients with diagnosis of HCC referred to the
unit between 1984 and 1995.
RESULTS Sixty-three patients had adequate
records for analysis. Thirty-six (56%) were
migrants with half from Southeast Asia. Twenty-
four p atients had a documented viral aetiology.
Nine (14%) of 51 patients with pathological
confirmation  of  HCC  had  normal  alpha-
fetoprotein levels. Median survival of the 20
patients managed palliatively was 5 weeks
compared to 16 weeks for the cohort overall.
Surgery in 16 patients rendered all initially
disease free with a median survival of 88 weeks.
Chemoembolisation induced tumor responses
in 5 of the 11 patients so treated. Systemic
chemotherapy and tamoxifen treatment caused
tumor response in two of 12 and one of 25
respectively.
CONCLUSION  Prolonged survival of patients
with HCC depends on early detection of small
tumors suitable for surgical resection. Other
active t reatments are palliative in intent and
have limited success. In addition to tumor
response and survival duration, the toxicities of

therapies and the overall quality of life of
patients need to be considered as important
outcomes. Viral hepatitis prevention and
screening of individuals at risk are strategies
that are important for HCC management in
communities where the disease is endemic.

INTRODUCTION
Hepatocellular  carcinoma  (HCC)  is  the  fourth  most
common  cause  of  death  from  malignancy  in  the
world  and  the  third  most  common  in  men[1].  High
risk  areas  such  as  Asia  and  Africa  are  associated
with  endemic  hepatitis  B  and  C  infections.  In
Australia  HCC  is  still  a  relatively  uncommon  cancer
as  it  is  in  most  developed  nations.  In  the  state  of
New  South  Wales the  incidence  was  2.6 per 100  000
for  males  and  1.1  per  100 000  for  females  from  1985
to  1989.  The  incidence  is  significantly  higher  in
male  and  female  migrants  from  China,  Taiwan  and
Vietnam[2].
         We  reviewed  all  cases  of  HCC  that  were  seen
in  the  Department  of  Medical  Oncology  at  Royal
Prince  Alfred  Hospital  a  tertiary  centre  situated  in
central  Sydney  between  January  1984  to  December
1995.  Patient  demographics,  presenting  symptoms,
disease  stage,  prognostic  indicators  as  well  as
treatment  and  outcomes  were  determined.

METHOD
Using   the   Clinical   Reporting   System   ( CRS )
database  in  the  Department  of  Medical  Oncology,
the  names  of  76  patients  with  the  diagnosis  of  HCC
were  obtained.  The  departmental  files  and  the
medical   records   were   then   examined   and
information  collected  using  a  proforma.  Parameters
collected  included  sex,  age,  nationality,  clinical  and
pathological  status,  presenting  symptoms,  ECOG
(Eastern    Cooperative    Oncology    Group )
performance  status  at  time  of  initial  contact,
presence  or  absence  of  cirrhosis,  documentation  of
possible  etiological  factors  and  alpha-fetoprotein
(AFP)  levels.  Tumor  response  to  therapy  was
recorded  using  WHO  response  criteria.  Partial
response  was  defined  as  a  greater  than  50%
reduction  in  the  sum  of  the  products  of  the  longest
tumor  dimension  and  its  widest  perpendicular,  in
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the  absence  of  new  lesions.  Where  disease  was  not
measurable,  changes  in  AFP  level  were  monitored.
Complete  response  was  defined  as  no  tumor  evident
on  imaging  plus  normalisation  of  AFP  if  this  was
measured.  Progressive  disease  was  defined  as  25%
increase  in  measurable  tumor  size  or  sustained
increase  in  AFP.
         Survival  time  was  measured  from  the  date  of
diagnosis  to  the  date  of  death  determined  where
possible  from  the  hospital  records,  contact  with
local  doctors  and  computer  search  of  the  New
South  Wales  Cancer  Registry  databases.

RESULTS
Seventy-six  patients  with  a  diagnosis  of  HCC  were
seen  in  the  Department  during  this  period.  Of
these,   sixty-three   patients   had   records   that
contained  sufficient  information  for  analysis.

Demographics
The  mean  age of  the  patients was 50 years (range  27
-77 )  with   43   males  and   20   females.  Fifty-six
percent  of  the  patients  were born  overseas with  over
half  of  these  born  in  Southeast  Asia  (Table  1).

Clinical  characteristics
Of  57  patients  where  data  on  symptoms  were
available,    thirteen    ( 23% )    patients    were
asymptomatic  at  the  time  of  diagnosis.  Three  had
an  ECOG  performance  status  of  4  (totally  bedbound)
and  six  a  score  of  3  (spending  more  than  50%  of
waking  hours  in  bed).  The  most  common  presenting
symptom  was  pain  in  33  (58%)  followed  by  weight
loss  in  27  (47%)  and  abdominal  distension  in  17
(30%).  Sixteen  (28%)  patients  presented  with
jaundice.  The  median  duration  of  symptoms  before
presentation  was  two  months,  ranging  from
immediately  prior  to  presentation  up  to  50  weeks.
       The  most  common  documented  aetiological
factor  for  hepatocellular  carcinoma  in  this  series
was  hepatitis  B  infection  in  21  (33%)  patients.  Five
patients  had  hepatitis  C  infection,  and  three  of
these  were  co-infected  with  both  hepatitis  B  and  C.
Routine  testing  for  hepatitis  C  at  Royal  Prince
Alfred  Hospital  only  be  came  available  from  mid
1989  and  retrospective  testing  was  not  done  in  the
cohort,  which  may  explain  the  relatively  low
infection  rate  in  this  series.  Five  (22%)  of  the  23
patients  with  viral  hepatitis  were  Australian  born.
Of  the  three  patients  who  had  cirrhosis  secondary
to  hemochromatosis  all  had  alcohol  as  a  cofactor.
Alcohol  was  a  cofactor  in  5  (19%)  of  the  26
Australian  born  patients  and  five  (14%)  of  the
overseas  born  patients.  Twenty-three  patients  had
no  apparent  causative  factor.  One  patient  had  a
past  history  of  low  grade  lymphoma  and  another
hydatid  liver  disease.  These  causative  factors  are  listed
in  Table  2.
       Pathological  confirmation  of  diagnosis  was

obtained  in  51  patients  (81%)  mainly  by  fine  needle
aspiration  biopsy.  In  the  remainder,  a  clinical
diagnosis  was  based  on  radiological  appearance  on
CT  scan  or  hepatic  angiogram  and  a  raised  serum
AFP  level.  There  were  nine  patients  (14%)  with
pathological  confirmation  of  HCC  who  had  normal
AFP  levels  at  presentation.  The  initial  levels  ranged
from  0  to  36000 IU.  Thirty-five  (69%)  of  the  51
patients  where  information  was  available  had
clinical,  pathological  or  radiological  evidence  of
cirrhosis  at  initial  presentation.  Thirty-four  patients
(of  56  evaluable)  had  multifocal  tumors  on  imaging
or   pathology   and   six   had   regional   node
enlargement.  Ten  of  61  patients  (16%)  had  distant
metastases  with  the  sites  being  lung  in  (7)  and  bone
(4).

Treatment
Twenty  (30%)  patients  received  no  anti-tumor
treatment  and  were  managed  with  supportive  care.
Six  of  these  patients  presented  with  ECOG
performance  status  3  or  4.  The  median  survival  of
this  group  was  five  weeks  from  the  time  of
diagnosis.
          The  remaining  43  patients  received  some  form
of  anti-tumor  therapy.  The  median  time  from
diagnosis  to  initiation  of  treatment  was  15  days
(range  0  days  to  5.2  years).  Seventeen  patients
received  two  types  of  therapy  and  four  patients
received  three  or  four  different  treatments.
         Surgery  was  performed  in  16  (25%)  patients,
either   in   the   form   of   a   lobectomy   or
hemihepatectomy.   Three   of   these   patients   had
surgery  after  chemoembolization.  Two  patients  had
repeat  resections  for  relapse  5  and  39  months  after
curative  resection.  No  patients  in  the  series  received
allograft  transplantation  as  their  first  therapeutic
intervention.  All  patients  who  underwent  surgery
were  rendered  clinically  disease  free  afterwards.
Their  median  survival  was  88  weeks  (range  5-  354
weeks)  from  diagnosis  or  surgery  with  the  median
time  to  relapse  being  43  weeks  (range  4-182).  Two
patients  are  still  alive  at  one  year  and  two  years
after  surgery.
          Chemoembolization  of  the  HCC  by  the  selective
injection  of  cisplatin  and  Lipiodol  into  the  hepatic
artery  was  carried  out  in  11  (17%)  patients.  In
three  patients  this  was  done  prior  to  surgery  in  an
attempt  to  reduce  the  vascularity  and  size  of  the
tumor.  One  of  these  patients  received  alcohol
injection  into  the  tumor  as  well  and  proceeded  to  an
orthotopic  liver  transplantation.  The  other  two
patients  had  initial  marked  falls  in  the  AFP  to
almost  within  normal  range  but  these  had  risen  to
beyond  pretreatment  levels  prior  to  surgery.  Six
patients  (55%)  had  a  50%  reduction  in  AFP  with
the  median  time  to  progression  being  25  weeks
(excluding  the  transplanted  patient  from  the
calculation  of  the  duration  of  response).  Median
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survival  from  chemoembolization  was  48.5  weeks.
      Twelve  (19%)  patients  were  treated  with
systemic   chemotherapy.   Three   were   given
anthracycline  treatment  alone  (2  adriamycin,  1
epirubicin ),   while   others   received   various
combinations     of     cisplatin,     adriamycin,     5-
fluorouracil  (5FU),  etoposide  and  mitomycin  C.
Two  patients  received  more  than  one  regimen  of
chemotherapy.  Only  two  patients  had  objective
tumor  responses  to  chemotherapy.  Another  two  had
stable   disease.   The   median   time   to   tumor
progression  was  26  weeks.
       Tamoxifen  was  administered  to  25  (40%)
patients,  with  only  one  showing  evidence  of  AFP
response.  The  time  to  progression  was  44  weeks.
Two  other  patients  had  stable  disease.
       Table   3   summarises   the   response   rates,
response  duration  and  overall  survival  of  the  groups
of  patients  according  to  the  treatments  received.  The
median  survival  of  the  group  as  a  whole  was  16
weeks  with  the  mean  being  50  weeks.

Table 1   Countries of birth of cohort

Country of Birth No.

Australia 26
Egypt                                                                                 3
Europe 11
India                                                                                  1
Pacific Islands                                                                    1
Southeast Asia 20
Unknown                                                                           1

Total 63

Table 2 Breakdown of established aetiological factors in cohort

Alcohol 10
Chronic autoimmune hepatitis                                            3
Hepatitis B 21
Hepatitis C                                                                         5
Hepatitis B+C                                                                    3
Haemochromatosis                                                            3
Unknown 23

Total 63

Table 3  Summary of treatments received for hepatocellular
carcinoma

Treatment           Number of        Number       Median time to
          patients (%) responding (%) progression (weeks)

Observation 20 (30)
Surgery 16 (25)         16 (100) 43
Chemoembolization 11 (17)           6 (54) 25
Systemic chemotherapy 12 (19)           2 (27) 26
Tamoxifen 25 (40)           1 (4) 44

DISCUSSION
Despite  a  variety  of  therapeutic  strategies  HCC
remains  a  significant  cause  of  cancer  death
worldwide.  The  mainstay  of  treatment  is  resection
of  the  disease.  This  is  facilitated  by  early  detection
of  tumors  and  by  liver  transplantation  when  poor
hepatic  function  would  otherwise  prevent  resection.

Other  treatments,  largely  directed  at  palliation  such
as  chemotherapy  (±embolization),  percutaneous
ethanol  injection,  radiation  and  hormone  therapy
are  modest  in  their  effects  however  they  may  play
a  role  in  conjunction  with  surgery.  Equally  or  more
important  strategies  are  prevention  of  predisposing
illnesses  (e.g.,  hepatitis  B)  or  modification  of  the
cirrhotic  pre-malignant  field  defect.
         Hepatic  resection  is  generally  only  feasible  in
patients  with  focal  lesions  and  with  adequate
underlying  hepatic  function[3].  Because  of  tumor
stage  at  presentation  and  the  presence  of  cirrhosis,
the  proportion  of  patients  suitable  for  surgery  is
generally  small.  The  role  of  orthotopic  hepatic
transplantation  is  still  controversial.  There  have
been  concerns  about  the  perioperative  mortality  and
the   frequency   of   tumor   recurrence   in   the
transplanted  liver,  but  transplantation  offers  some
chance  of  cure  of  both  the  tumor  and  the  cirrhosis.
A  recent  series[4]  of  48  patients  with  small  tumors
(single  <5 cm  or  no  more  than  three  <3 cm)  and
cirrhosis    undergoing    transplantation,    reported
overall  survival  and  disease  free  survival  at  four
years  to  be  75%  and  83%  resp  ectively. Ninety-four
percent  of  these  patients  had  underlying  viral
hepatitis.
         Percutaneous  ethanol  injection  of  these  tumors
has  usually  been  restricted  to  non-surgical  candidates
and  one  series  from  Italy  has  shown  encouraging
survival  figures  where  ethanol  injection  was  used
instead  of  surgery[5].  This  approach  may  provide  a
treatment  for  patients  with  no  access  to  resection
services  or  those  with  poor  liver  reserve,  who  are
not  otherwise  able  to  have  a  liver  transplant.  Other
forms  of  imaging-directed  destruction  such  as
cryotherapy,  laser  and  thermotherapy  may  have
similar  potential.
         As  is  the  published  experience,  we  found  the
response  rate  with  systemic  chemotherapy  low  and
of  short  duration.  Doxorubicin,  remains  the  most
widely  used  agent  but  being  liver  metabolized  it  may
result  in  unpredictable  toxicity  in  those  with  hepatic
disease.  When  used  as  a  single  agent  it  generally
has  a  response  rate  below  20%[6].  Epirubicin,
idarubicin  and  mitoxantrone  all  have  activity
comparable  to  doxorubicin.  Single  agent  activities
of  other  intravenously  administered  cytotoxics  such
as    cisplatin,    5-fluorouracil,    etoposide    and
mitomycin  C  are  all  in  the  range  of  0%-15%[6].
The  Eastern  Cooperative  Oncology  Group[7]  has
evaluated  432  patients  in  four  sequential  trials  of
varying  combinations  of  5-FU,  streptozotocin,
semustine,  doxorubicin,  zinostatin,  amsa  crine  and
cisplatin.  The  median  survival  of  the  group  as  a
whole  with  systemic  chemotherapy  was  14  weeks
with  a  one-year  survival  of  only  15%.  The  best
median  survival  of  24  weeks  was  obtained  with  the
combination  of  5-FU  and  semustine.  Al  though  any
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of  these  agents  may  cause  greater  response  rates  if
given  intra-arte  rially  with  or  without  embolization,
most  reports  of  trials  of  chemotherapy,  both  single
agent  and  combinations  have  small  patient  numbers
and  none  shows  a  convincing  superiority  to  be
considered  standard  treatment[7,8].
       Chemoembolization  consists  of  a  relatively
selective  embolization  of  the  tumor  blood  supply
with  agents  such  as  cisplatin  and  Lipiodol.  While
theoretically  attractive,  the  technique  may  result  in
hepatic  decompensation  because  the  cirrhotic  liver  is
more  dependent  on  blood  from  the  hepatic  artery
than  the  portalvein.  For  this  reason  embolization
techniques  are  suitable  for  a  small  group  of  patients.
In  the  Group  D’Etudeetde  Traitment  du  Carcinome
Hepatocellularie[9]    randomised    trial    of
chemoembolisation  versus  conservative  management
in  96  selected  patients  from  24  centres, there  was
no  significant  survival  difference  detected  after
accounting  for  differences  in  baseline  and  prognostic
characteris  tics.  Small  survival  differences  however
would  not  be  detected  by  a  study  of  this  size.  Half
of  the  patients  in  the  treatment  group  had  reduction
in  AFP  levels.  These  observations  are  in  keeping
with    the    findings    in    our    study.    Hepatic
decom  pensation  however  was  seen  in  70%  of
patients  having  chemoembolization.  Another
multicentre   randomised   study[10]   of   Lipiodol/
cisplatin  chemoembolization  in  73  patients  also
reported  no  survival  difference.  Transarterial
embolization  without  chemotherapy  in  a  single
institutional  study  has  also  demonstrated  no  survival
advantage  versus  supportive  care[11].  In  these
circumstances,  a  more  appropriate  endpoint  may  be
symptom  control,  analgesic  requirements  and
quality  of  life  rather  than  survival.  Symptomatic
rather  than  asymptomatic  patients  may  be  more
appropriate  candidates  for  chemotherapy.
       Oestrogen  receptors  have  been  detected  in
normal  liver  tissue  and  in  HCC  with  the  levels
tending  to  be  higher  in  the  neoplastic  tissue.  This
provides  the  rationale  of  using  the  anti-oestrogen
tamoxifen.  Seven  randomized  trials  of  tamoxifen
versus  placebo  in  advanced  HCC  have  been
reported[12-18].  Three[12-14]  which  had  under  38
patients  each  reported  improved  survival  in  the
tamoxifen   treatedarms.   An   additional   two
randomized  trials  investigating  chemo  therapy  and
tamoxifen  found  no  improvement  in  response  or
survival    when    tamoxifen   was   added   to
doxorubicin[19]    or    intra-arterial    cisplatin    and
5FU[15].  An  overview  of  the  published  randomised
trials  of  tamoxifen  versus  active  or  no  active
treatment  in  HCC  between  1978  and  1995  suggested
a  moderate  benefit  with  a  2.2  odds  ratio  for  1  year
survival[20].  However  the  largest  randomized  study
so  far  involving  496  patients  has  recently  been
presented  and  showed  no  survival  benefit  of

tamoxifen  compared  to  supportive  care[19].
        Antiandrogen  therapy  has  also  been  tried  in
HCC  on  the  basis  that  it  is  a  male  predominant
disease,  it  can  be  induced  by  androgen  therapy  and
that  the  receptors  are  expressed  in  high  levels  in
the  tumors.  A  European  Organisation  for  Research  and
Treatment  of  Cancer  (EORTC)  multicentre  trial[21]

compared  antiandrogen  therapy  with  a  luteinising
hormone-releasing  hormone  (LHRH)agonist  either
goserelin  or  triptoreline,  with  a  pure  antiandrogen
nilutamide  alone  or  in  combination  against  placebo
in  244  patients  with  advanced  HCC.  No  significant
difference  however  was  found  in  any  of  the  groups.
         A  recent  study  reports  an  apparent  reduction
in  the  incidence  of  new  primary  HCCs  in  patients
administered  polyprenoic  acid,  an  acyclic  retinoid,
after  resection  for  HCC.  This  strategy  targets  the
pre-malignant  field  defect  that  leads  to  HCC[22].
        Radiation   therapy   has   been   more   usually
applied  in  the  form  of  radioactive  ligands  injected
into  the  hepatic  artery  than  as  external  radiation.  A
preliminary  report  of  a  randomized  trial  from  Hong
Kong  has  shown  that  131I  labelled  lipiodol  injected
post-resection   improves   the   time   to   tumor
recurrence[23].   Similarly   data   from   pilot   studies
suggest   post-transplant/resection   -   chemotherapy
may  improve  outcome,  although  randomized  trials
are  still  underway[24].
         Viral  hepatitis  is  a  significant  causative  factor
for  HCC  in  our  cohort  especially  in  those  born
overseas,  being  present  in  over  one-third.  In  the
migrant  population  high  hepatitis  B  endemicity
accounts  for  the  high  prevalence  rate.  In  hepatitis  B
associated  cirrhosis  the  cumulative  incidence  of
hepatocellular  carcino  ma  has  been  found  to be  59%
over   a   six-year   period[25].   With   hepatitis   C
associated  cirrhosis,  a  Japanese  prospective  study[26]

has  reported  th  at  75%  of  patients  will  develop
HCC  by  15  years.  Preventative  measures  such  as
hepatitis  B  vaccination  in  endemic  disease  populations
is  obviously  an  important  and  effective  strategy.  A
recent  study  from  Taiwan  has  reported  that  a
national  hepatitis  B  vaccination  program  has
reduced  the  annual  HCC  incidence  in  children  of
aged  6-14  years  from  0.7  to  0.36  per  100  000
(P< 0.01),  with  a  similar  effect  on  population
mortality[27].  Treatment  of  viral  related  chronic  active
hepatitis  with  interferon  alpha  may  not  only  prevent
development  of  cirrhosis  but  also  reduce  the
frequency  of  subsequent  HCC[28].
         Alcohol  was  also  an  important  risk  factor  in
the  Australian  born  patients  in  our  series.  In  a
larger  published  series  of  HCC[29]  from  western
Sydney  it  was  found  to  be  an  association  in  46%  of
the  Australian  patients  and  only  13%  of  those  born
overseas.
         Screening of high risk populations for HCC by a
combination   of   serum   AFP   determination   and



imaging  with  high  resolution  real  time  ultrasound
can  detect  HCC  at  an  early  stage  which  might  be
amenable  to  curative  resection.  AFP  however  can
be  normal  in  patients  with  asymptomatic  small
tumors.  The  reliability  of  ultrasound  is  operator
dependent  and  many  studies  have  been  in  Japanese
patients  who  have  generally  a  thinner  body  habitus
which  may  make  imaging  easier  than  in  Westerners.
Studies  suggest  that  treatment  of  these  early  lesions
may  produce  a  true  survival  benefit  although  there
have  been  no  randomized  trials  reporting  mortality
reduction  from  screening[30].  This  strategy  can  only
be  considered  an  option  in  high  risk  populations,
rather  than  on  a  general  population  basis.

CONCLUSION
Hepatocellular  carcinoma  is  becoming  a  greater
problem  in  developed  countries  such  as  Australia
with  the  wave  of   immigration   from   countries
affected  by  endemic  viral  hepatitis.  Treatment
modalities  are  unsatisfactory  once  the  tumor  has
spread  and  become  inoperable.  Public  health
measures  need  to  focus  on  the  targeting  of  risk
factors  and  surveillance  of  at  risk  subgroups.
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Abstract

AIM  To investigate the activation, expression
of c-src gene and its role in the carcinogenetic
process of human cardia adenocarcinoma (CA).
METHODS Fifty-six cases of CA, 34 cases of
normal, 36 cases of protife rative epithelia
adjacent to carcinoma, and 20 cases of lymph
node  metastases  of  CA  were  studied  for
PP60c-src, the expression product of c-src gene
immunohistochemically by using the specific
monoclonal antibody, Mab327.
RESULTS The positive rates of PP60c-src in the
normal ep ithelia, protiferative epithelia, CA and
lymph node metastases were 29.4% (10/ 34),
94.4% (34/36), 71.4% (40/56) and 60.0%
(12/20),  respectively,  among  them,  the
differences  of  the  positive  rates  were
statistically  significant ( P < 0.01 ).  The
expression levels of PP60c-src in CA and
proliferative epithe lia were significantly higher
than that in the normal epithelia (P<0.01) . The
PP60c-src positive rates in the papillary, tubular,
poorly     differentiated    and    mucous
adenocarcinoma were 75.0% (6/8), 81.8%
(18/22), 50.0% (10/20) and 100.0% (6/6),
respectively, whereas those of tubular and
mucous adenocarcinomas were significantly
higher than those of papillary and poorly
differentiated adenocarcinomas (P<0.05), and
the PP60c-src expression levels of tubular and

mucous adenocarcinomas were also significantly
higher than those of papillary and poorly
differentiated adenocarci nomas(P<0.01).
CONCLUSION The activation and expression of
c-src gene are associated with the initiation and
development of human CA; the protein amount
of PP60c-src increased during the process of
carcinogenesis; and PP60c-src expression is also
related to lymph node metastases.

INTRODUCTION
There  is  a  general  tendency  in  gastric  cancer  that
the  incidence  rate  of  cardia  adenocarcinoma  (CA)
is  increasing  steadly,  and  cancer  of  the  distal  stomach
is  decreasing  proportionately.  The  biological  and
epidemiological  features  of  CA  are  distinct  from
those  of  the  distal  stomach,  and  the  underlying
cause  remained  unelucidated[1-3].  PP60c-src  is  the
product  of  c-src  gene  pos  sessing  the  activity  of
tyrosine  kinase.  Increased  expression  ofc-src  gene
had  been  reported  in  some  human  sarcoma  and
cancers  of  breast[4],  esoph  agus[5],  stomach[6]  and
colon[7],  and  the  activation  and  expression  of  c-src
gene  might  be  associated  with  the  initiation  and
devel  opment  of  some  cancers.  Our  previous  study
showed  the  activation  and  expression  of  c-src  gene
was  associated  with  the  development  and
differentiation  of  esophageal  squamous  cell
carcinomas[8],   we   believed   that  s imilar   changes
might  occur  in  cancer  of  cardia,  therefore,  the
following  study  was  carried  out.

MATERIALS  AND  METHODS
Sample  collection  and  processing
All  56  cases  of  CA  samples  were  collected  from
the  CA  patients  surgically  treated  in  Yanting  Institute
of  Cancer  Prevention  of   Sichuan   Province.   All
tissue  specimens  were  routinely  processed,  formalin-
fixed   and   paraffin-embedded,   at   least   2   serial
paraffin  sections  of  4 µm - 6 µm  thickness  were
made,  one  was  stained  with  hematoxylin  and  eosin
(HE)  and  the  other  was  use  d  for  PP60c-src  protein
detection  by  immunohistochemical  staining.

Reagents
The  monoclonal  antibody  Mab327  (mouse  IgG)  was
kindly   given   by    the    Molecular    Pathology
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Department   of   Nagoya   University,   Japan;
Streptavidin-Peroxidase     Immunohistochemical
Staining  Kit  (Zymed  USA)  was  purchased  from
Fuzhou  Maxim  Biotech,  Inc.

Immunohistochemical  analysis  of  PP60c-src

protein
PP60c-src       protein       was       detected
immunohistochemically    with    LSAB    method
according  to  the  manufacturer’s  instructions  with
slight  modification.  Briefly,  the  tissue  sections  were
deparaffinized  and  rehydrated  through   graded
alcohols,   and   digested   with    trypsin.    Then,
endogenous  peroxidase  activity  was  blocked  with
3%  H2O2,  and  after  treatment  with  normal  serum,
the  sections  were  incubate  d  with  Mab  327  at  a
dilution  of  1:100  overnight  at  4 ,  with  biotinylated
second  antibody  20 min,  and  with  streptavidin
peroxides    30  min    at    room    temperature.
Subsequently,  the  sections  were  subjected  to  color
reaction   with   0.02%   3, 3-diaminobenzidine
tetrahydrochloride  containing  0.005%  H2O2  in  PBS
(pH  7.4),    and    were    counterstained    with
hematoxylin  lightly.  In  each  staining  run,  a  known
PP60c-src  positive  sample  was  added  as  positive
control,  and  a  section  of  the  same  sample  was
incubated  with  PBS  instead  of  Mab327  as  negative
control.

Histopathological  examination
Histopathological  diagnosis  for  CA  and  related
lesions  were  made,  and  the  histological  types  of  CA
were  examined  by  2  expierenced  pathologists
according  to  the  given  criteria[8].

Qualitative  and  quantitative  analysis  of
immunohistochemical  staining  o  f  PP60c-src

The  immunostaining  results  of  PP60c-src  were
analyzed  according  to  the  kn  own  criteria[5].  The
percentages  of  positive  PP60c-src  cell  in  CA  and
related  lesions  were  assessed  and  scored  as  follows:
negative  ( - ),  <25%  ( + ),  25%-50%  ( ++ ),  >50%
(+++);  The  intensity  of  staining  in  PP60c-src  positive
cytoplasm  and/or  cell  membrane  were  compared
with  the  negative  control  and  scored  as  follows:
negative  (-),  weak  (+),  moderate  (++)  and  strong
(+++).

RESULTS
Histopathologic  examination
Among  the  56  cases  of  CA  samples,  there  were  34
normal  epithelia  adjacent  to  cancer,  36  proliferative
epithelia  adjacent  to  cancer,  56  adenocarcinomas
including   papillary   ( 8/56 ),   tubular   ( 22/56 ),
poorly    differentiated    (  20/56  ),    mucous
adenocarcinomas  ( 6/56 ),  and  20  CA  with  lymph
node  metastases.

Localization  and  distribution  of  PP60c-src

Positive  PP60c-src  protein  cells  showed  brown  staining
in  their  cytoplasm  s  and  cell  membranes,  no  positive
staining  was  found  in  the  negative  controls.  The
intensity  of  staining  varied  with  different  lesions
and  different  histologic  types.  Positive  staining  of
PP60c-src  was  localized  in  apex  of  glandular  epithelial
cells  (Figure  1);  in  papillary  and  tubular
adenocarcinomas,  positive  staining  was  distributed
along  the  papillary  margin  or  glandular  lining,  both
the  cytoplasms  and  cell  membranes  were  positively
stained  but  that  of  cell  membranes  were  stronger
than  those  in  cytoplasms  (Figure  2);  the  positive
staining  in  poorly  differentiated  adenocarcinomas  were
evenly  distributed  in  cytoplasms  and  cell  membranes
(Figure  3);  and  in  the  mucous  adenocarcinomas,  the
positive  PP60c-src  staining  was  unevenly  distributed
as  micromasses.

PP60c-src  expression  in  CA  and  in  the  related
lesions
The  positive  rates  of  PP60c-src  expression  in  CA,
proliferative  and  norma  l  epithelia  adjacent  to  cancer
were  71.4%  (40/56),  94.4%  (34/36)  and  29.4%
(10/34),  respectively  (Table  1).  The  positive  rates
of  the  former  two  were  higher  than  that  in  the
latter  (P<0.01),  and  the  positive  staining  in  tensities
in  CA  and  proliferative  epithelia  were  also  stronger
than  that  in  the  normal  epithelia  (P<0.01).

PP60c-src  expression  in  different  histological
types
The  positive  rates  of  PP60c-src  in  papillary,  tubular,
poorly  differentia  ted  and  mucous  adenocarcinoma
were  75.0%  (6/8),  81.8%  (18/22),  50.0%  (10/20),
and  100.0%  ( 6/6 ),  respectively   ( Table  2 )  and
the   positive   rates   in   tubular   and   mucous
adenocarcinomas  were  higher  than  those  in  poorly
differentiated      or    papillary    adenocarcinomas  (P
<0.05);    the    percentages    of    high    PP60c-srcªª
expression  (+  +  -  +  +  +)  in  tubular  and  mucous
adenocarcinoma  were  63.6%  (14/24)  and  100.0%
(6/6),  respectively;  while   that   in   papillary   and
poorly  differentiated  ones  were  all  low  (+),  there
were    significant    differences    between    them
(P<0.01).

PP60c-src  expression  in  CA  with  lymph  node
metastases
The  positive  rate  of  PP60c-src  expression  was  60.0%
(12/20)  in  20  case  s  of  metastatic  lymph  node
(Table  1),  among  them,  the  positive  ones  in
papillary,  tubular,  poorly  differentiated  and  mucous
adenocarcinomas  were  2/2,  2/4,  6/12  and  2/2,
respectively;  the  expression  intensity  of  P  P60c-src  in
CA  with  lymph  node  metastases  was  the  same  as
those  without  (Figure  4).
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Figure 1 The expression of PP60c-src in the p roliferative epithelia
adjacent to carcinoma. LSAB×200
Figure 2 The expression of PP60c-src in tubular adenocarcinoma.
LSAB×200
Figure 3 The expression of PP60c-src in the poorly differentiated
adenocarcinoma. LSAB×200
Figure 4 The expression of PP60c-src in the lymph node metastasis
of CA. LSAB×200

Table 1 The expression of PP60c-src in CA and related lesions

Staining intensity
Lesion          Case             Positive rate

          -(%)       +(%)    + +-+ + +(%)        (%)

Normal epithelia 34  24(70.5)  10(29.4)   0(0)    10(29.4)
Proliferative epithelia 36    2 (5.6)     6(16.7) 28(77.8)d   34(94.4)b

Cardia adenocarcinoma 56  16(28.6)  20(35.7) 20(35.7)d   40(71.4)b

Lymph node metastases 20    8(40.0)    8(40.0)   4(20.0)   12(60.0)

bP<0.01, in comparison of the positive rates in different lesions
(χ2=34.19) vs normal epithelia; dP<0.01, in comparison of the
positive intensity in different lesions  ( χ2 = 25.08)  vs  normal
epithelia.

Table 2   The expression of PP60c-src in CA of different histo
logical types

Staining intensity
Lesion          Case             Positive rate

       -(0/10)     +(%)   + +-+ + +(%)           (%)

Papillary             8    2(25.0)      6(75.0)    0(0)     6(75.0)
Tubular                       22    4(18.2)     4(18.2)  14(63.6)b   18(81.8)a

Poorly differentiated   20  10(50.0)   10(50.0)   0(0)   10(50.0)
Mucous                          6    0(0)          0(0)         6(100.0)b   6(100.0)a

Total                       56  16(28.6)   20(35.7)  20(35.7)   40(71.4)

aP<0.05,in comparison of the positive rat es of tubular and
mucous adenocarcinomas vs those of papillary and poorly
differentiated adenocarcinomas (χ 2 = 8.11);  bP<0.01,in
comparison of the positive rates of tubular and mucous
adenocarcinomas vs those of papillary and poorly differentiated
adenocarcinomas (χ2 = 27.56).

DISCUSSION
PP60c-src  is  a  phosphorylated  cytoplasmic  protein
encoded  by  c-src  gene,  having  the  activity  of
tyrosine  kinase.  The  expression  of  PP60c-src  can  be
found  in  many  normal  cells,  which  plays  important
roles  in  the  regulation  of  cell  proliferation,
differentiation    and    transformation[4]    Recent
studies  indicated  that  the  increase  in  the  amount  of
PP60c-src  protein  and  kinase  activity  was  associated
with  initiation  and  development  of  some  human
neoplasms,  and  the  activation  and  increase  of
expression  were  one  of  the  factors  for  cancer
initiation[4-8].  In  this  study,  the  expressions  of
PP60c-src  in  CA,  proliferative  epithelia  and  normal
epithelia   were   71.4%   ( 40/56 ),   94.4%   ( 34/36 )
and  29.4%  (10/34),  respectively  and  the  positive
rates  of  PP60  c-src  in  CA  and  proliferative  epithelia
were  much  higher  than  that  in  the  normal  epithelia
(P<0.01).   Jankowiski   et   al   analyzed   the
expression  product  of  c-src  gene  in  15  cases  of
esophageal  adenocarcinoma  and  15 cases  of  Barrett’s
esophageal  epithelia  immunohistochemically,  the
positive  rates  were  20%  (3/15),  suggestin  that  the
expression   of   c-src   gene   is   related   to   the
development  of  esophageal  adenocarcinoma.
Therefore,  the  results  of  t  his  study  indicated  that
the  activation  and  expression  of  c-src  gene  might
be  associated  with  the  initiation  and  development  of
CA.  However,  the  high  expre  ssion  of  PP60c-src  in
the  proliferative  epithelia  might  be  associated  with
the   proliferation   of   glandular   epithelial   cells,
occurring  in  the  aged  rats[9].  The  low  PP60c-src

expression  in  some  normal  epithelia  adjacent  to
cancer  might  be  explained  by  the  fact  that there  had

490                         ISSN 1007-9327           CN 14-1219/ R      WJG       December  1999     Volume 5   Number 6



been  PP60c-src  expression  in  the  normal  epithelia
related  to  the  initiation  of  cancer[5-8].  On  the  other
h  and,  it  indicated  that  the  activation  and  expression
of  c-src  gene  might  be  an  early  event  in  the
carcinogenesis  of  CA.
          Athough  it  was  well  known  that  the  activation
and  expression  of  c-src  gene  were  associated  with
the  initiation  of  some  human  neoplasms.  The  results
obtained   mainly   from   biochemical   assay   by
measuring  the  protein  amount  and  kinase  activity  of
PP60c-src  varied  with  the  methodology.  Most  of  the
studies  reported  that  PP60c-src  protein  kinase  activity
increased  in  the  cancer  cell  lines  and  cancer  tissues
from  cancers  of  stomach,  colon,  lung  and  kidney,
etc.,  but  compared  with  those  of  normal  tissues
related  to  cancer,  no  difference  of  PP60c-src  protein
amount  was  found,  the  increase  in  PP60c  -src  protein
kinase  activity  could  not  be  explained  by  the
increase  of  protei  n  expression  encoded  by  c-src
gene[6,10].  In  the  present  study,  PP60c-src  protein  was
detected  by  using  the  specific  monoclonal  antibody
Mab  327,  immunohistochemically,  the  high  level  of
PP60c-src  expressions  (  +  +  -  +  +  +)  in  CA  and
proliferative  epithelia  were  35.7%  and  77.8%,
respectively,  a  low  PP60c-src  expression  (+)  was
found  in  some  normal  epithelia  adjacent  to  cancer,
the  difference  of  expression  intensity  was  significant
statistically  (P<0.01).  The  results  of  this  study
suggested  that  the  protein  amount  of  PP60c-src

expression  was  increased  in  carcinogenesis  of  CA.
      With  regard  to  the  relationship  between
expression  product  of  c-src  gene,  PP60c-src  and  the
differentiation  of  cancer  cells,  there  was  no
consensus  in  this  aspect[6,8,9,11].  Fanning  et  al[1]

reported  a  high  l  evel  of  c-src  expression  in  well
differentiated  bladder  cancers,  and  pro  posed  that
PP60c-src  protein  and  kinase  activity  were  associated
with  the  differentiation  of  epithelial  cells  of  urinary
tract    and    grade    I-II    bladder    carcinomas.
However,  Takekura  et  al[6]  could  not  find  the
differen  ce  of  PP60c-src  kinase  activity  between  well
and  poorly  differentiated  ga  stric  carcinomas.  In  this
study,  PP60c-src  positive  rates  varied  in  different
histological  types  of  CA;  the  positive  rates  in
mucous   adenocarcinomas   ( 100.0%,  6/6 )   and
tubular   adenocarcinomas   ( 81.8%,  18/22 )  were
higher  than  those  in  papillary  (75.0%,  6/8)  and
poorly  differentiated  types  (50.0%,  10/20),  the
difference  being  significant  statistically  ( P<0.05 ).
And  the  high  level  of  expressions  (++  -  +++)  in
mucous  and  tubular  adenocarcinomas  were  100.0%
(6/6)  and  63.6%  ( 14/18 ),  respectively,  only  low
expression  (+)  was  found  in  papillary  and  poorly
differentiated  adenocarcinomas,  the  differences  of
expression  level  were  also  significant  statistically

(P<0.01).   These   results   suggested   that   the
expression  level  of  PP60c-src  was  associated  with
the  differ  entiation  and  histological  types  of  CA,
high  PP60c-src  expressions  in  mucous  and  tubular
adenocarcinomas  might  be  related  to  their  well
differentiation  and  other  biologic  behaviors.
      The   relationship   between   the   PP60c-src

expression  with  increase  in  kinase  activity  and
metastatic  colon  carcinomas  had  been  reported
already[12,13],  but  there  was  no  report  of  detection
of  PP60c-src  protein  in  lymph  no  de  metastases  by
immunohistochemical  staining.  Talamonti  et  al[12]

discovered  increase  in  PP60c-src  kinase  activity,  in
the  stages  o  f  polyps  and  primary  carcinomas.
Termuhlen  et  al[13]  reported  that  P  P60c-src  kinase
activity   in   hepatic   metastases   of   colorectal
carcinoma   in   creased   by   2.2   folds,   and   in
extrahepatic  metastases  increased  by  12.7  folds,
while   compared   with   that   in   normal   mucosa,
PP60c-src  kinase  activity  in  the  hepatic  metastases  of
non-colorectal  carcinomas  increased  only  slightly.
In  this  study,  PP60c-src  protein  was  detected  in  the
lymph  node  metastases  o  f  CA,  the  positive  rate
was  60.0%  (12/20),  the  expression  level  of PP60c-src

was   equal   to   that   of   the   same   primary
adenocarcinoma.  The  results  of  this  study  suggested
that  PP60c-src  expression  is  associated  with  the  lymph
node  metastases  of  CA,  which  deserved  further
investigation.
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Abstract

AIM To study the therapeutical effectiveness,
dosage range an d toxic adverse effects of
domestic phosphorus 32 glass microsphere and
evaluate its clinical significance.
METHODS I. Fifty-two BALB/c tumor bearing
male nude mice w ere allocated into treatment
group ( n = 38) and control group ( n = 14). In
the former group different doses of 32P-GMS
were injected into the tumor mass, while in the
latter 31P-GMS or no treatment was given. The
experimental animals were sacrificed in batches,
and then the tumors and their nearby tissues
were  examined  by  light  and  electron
microscopy.   II.   Through   selective
catheterizati on of hepatic artery, 32P-GMS
was infused to 5 healthy domestic pigs in a
dosage equivalent to the therapeutic dose for
human being, and 31P-GMS was infused to
another 5 healthy domestic pigs. Two pigs
infused with con trast medium served as whole
course blank controls. One pig from each group
was surrendered to euthanasia at week 1, 4, 8
and 16 respectively. The ultrastructur al
histopath-ological changes in liver tissues taken
from different sites were evaluated semiquan-
titatively. III. One hundred and twenty-seven
times  of  32P-GMS  intrahepatic  artery
interventional therapies were performed on 93

patients with hepatic carcinoma, including 79
cases of primary hepatic carcinoma and 14 cases
of secondary hepati c carcinoma. 32P-GMS ( n =
30), and group B, 32P-GMS and half-dose of
trans-hepatic  artery  embolization  ( TAE )
( n = 49), and 18 patients with HCC by TAE only
as control group C. Fourteen patients with
secondary hepatic carcinoma were treated in
the same way as group B or C.
RESULTS     I.  Comparing  with  the  control
group, the treatment group of tumor bearing
nude mice attained the tumor inhibition rates
of 59.7%-93.7% (F = 579.62, P<0.01) at 14d.
At an absorbed dose of 7320Gy, the tumor cells
were completely destroyed. When the
absorbed doses ranged from 1830Gy to
3660Gy, most of the tumor cells showed the
evidences of injury or necrosis, but there
appeared some well-differentiated tumor cells
and enhanced effect of the autoimmunocytes.
At an absorbed dose of 366Gy or less, some
tumor cells still remained active proliferative
ability. The definite anticancer effect appeared
as early as 3d after intratumoral injection of
32P-GMS. II. The cumulative amount of 32P-GMS
in the target tissue after trans-hepatic artery
instillation attained more than 90% of the tot
al dose administrated. Semiquantitative
analysis of ultrastructral morphology in the
experimental group showed no statistical
difference between the nuclear abnormality (
nabn) and mitochondrial variability (Mvar) at week
1 or 2 , but revealed prominent difference
(χ2 = 6.70-9.68, P<0.01, χ2 = 65.09-115.09,
P<0.001) as compared with those in the other
groups. In the experimental group the nabn in
tissues showed no significant difference
between week 8 and week 16. no apparent
changes were found in the stomach, spleen,
kidney and lung tissues of the experimental
pigs.   III.   The   therapeutical   results   of
HCC  patients  in  group  A  were  closely
approximated  to  those  of  group  C,  no
hematological toxic side effects were noted, and
the systemic reaction was mild. In some patients
2 mos-3 mos after treatment some secondary
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foci appeared around the periphery of the
primary lesion. In general better effectiveness
was obtained in patients with small lesion. After

analyzing by RIDIT method, the therapeutic
result in group B was significantly better than
that in group C, and secondary foci around the

original lesion were rarely seen at 3mos after
treatment. In group C the collateral circulation
was reestablished along the periphery of primary

foci and the secondary foci appeared more
frequently, and were required to undergo
several courses of treatment. In group B, 4

cases of HCC were treated surgically as their
mass decreased in size after 32P-GMS treatment.
Resected specimens showed that the tumor was

encapsulated by fibrotic tissue and most of the
tumor cells necrosed. The 3-year survival rates
were 43.3%-51.0% after A and B regimen

treatment. In 14 cases of secondary HCC, the
foci were well controled within one year after-
treatment.

CONCLUSION When the experimental model of
implanted human liver cancer cells received 32P-
GMS of 1830Gy-3660Gy, it produced excellent

anticancer effect without any injury to the
normal neighboring tissues and the prominent
anticancer effect was shown within 3d after

intratumoral injec tion. Intrahepatic arterial
administration of 32P-GMS at the macrocosmic
absorbed dosage less than 190 Gy/dose exerted

reversible sub-lethal injury to domestic pig liver
tissues. It took more than 8 weeks to repair the
injured liver tissue and restore its function.
32P-GMS trans-hepat ic artery embolization is an
effective and safe regimen in treating hepatic
carcinoma.

INTRODUCTION
Trans-hepatic  artery  embolization  (TAE)[1]  is  the
main  regimen  for  trea  ting  unresectable  hepatic
carcinoma  (HCC).  The  experimental  investigation
using   microsphere   carriers   such   as   colloidal
microsphere,  artificial  cell  membrane-liposome  etc,
in  treating  malignant  tumors  had  been  carried  out
for   more   than   a   decade   with   advanced
development[2].    The    microspheres    mainly
conjugated  with  anticancer  drugs  released  slowly
into   the   cancer   tissue.   Up   to   now,   a   novel
anticancer   microsphere   preparation   has   been
evolved,  i.e.  incorporation  of  radionuclide  (32P  of
90Y)  to  the  glass  microspheres  forming  a  nontoxic,
unde  gradable  radioactive  radiation  source  through

regional  medication,  which  aroused  the  interest  and
notice  of  investigators  in  this  field[3-5].
      We  report  the  results  of  evaluating  the
pharmacology,  toxicology  and  clinical  effect  of  32-
phosphorus-glass  microspheres  (32P-GMS)  in  three
parts.  I.  By  using  human  liver  cancer  cell  bearing
nude  mouse  model  to  explore  the  experimental  anti
cancer  effect  of  intratumoral  injection  of  32P-GMS
and  investigate  the  appropriate  dose  range,  time
course  and  the  influence  on  the  neighboring  tissues.
II.  By  administrating  32P  -GMS  to  the  whole  liver  or
certain  liver  lobes  of  domestic  pig  model  and
observing  the  local  irradiative  reaction  and  systemic
toxic  effect  on  the  normal  liver  tissue  to  provide  the
experimental  basis  for  determining  the  appropriate
tolera  ble  dosage  and  treatment  course  of  32P-GMS
internal  irradiation  in  normal  human  liver  tissues.
III.  From  1996  to  1998, 93  patients  with  liver  cancer
received   127   times   of   interventional   32P-GMS
internal  irradiation.

MATERIALS  AND  METHODS
Medicaments
By  activation  of  standardized  glass  microspheres
with  nonradioactive  31P  (31P-GMS,  cold  sphere)
through  nuclear-chemical  reaction  [31P  (n,γ)32P]
transformed  into  radioactive  32P  glass  microsphere
(provided  by  nuclear  Power  Rese  arch  Institute  of
China,  nPIC)[6],  having  the  properties  as  follows:
dia  meter  of  glass  sphere  46 µm-76 µm,  radioactive
nuclide  purity>99%,  radioactivity  per  unit  550 MBq·g-1

3700 MBq·g-1  (15 mCi·g-1-100 mCi·g-1),  32P  elution
rate<0.1%  within  30  days;  32P  physical  half-life
1428    days,    average    β    ray    energy   per
disintegration:   0.695 MeV   (  maximum   energy
1.711 MeV);  and  soft  tissue  pen  etration  distance,
max.   8.0  mm,   averaging   3.2  mm.   32P-GMS
suspension  was  prepared  by  mixing  32P-GMS  with
super-liquidized  iodized  oil  or  50%  glucose  solution
to  the  concentration  of  100 mg·mL-1  on  oscillator.

Dosimetry
Loevinger’s  formula[7]  for  calculating  the  absorbed
dose  of  β  emitter  radionuclide:
Dβ = 73.8EβC0Teff

where  Dβ   the  total  absorbed  beta  particle  dose
(cGy),  Eβ,  the  average  beta  ray  energy  per
disintegration  (MeV),  C0,  the  initial  tissue
concentration  of  radioactivity  ( mCi/kg )  and  Teff,
the  effective  hal  f-life  (days).
        Based  on  the  pharmacokinetic  characteristics
of   regional   administration   of   32P-GMS   and   the
related  parameters,   the   following   formulae   were
established[8]:
         D  (cGy)=20A  (MBq)·m  (kg)-1
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         D  (cGy)=732A  (mCi)·m  (kg)-1

where  A:  the  cumulative  activity  of  radioactive
nuclide,  D:  the  total  dose  of  absorbed  β  particles  in
tissue,  m:  the  tissue  weight.

Animal  experiment
Human  liver  cancer  cell-bearing  nude  mouse  model
and  anti-cancer  effect  of  32P-GMS  Human  liver
cancer  cell  line  subset  (H-CS)[9]  with  higher
oncogenicity  and  liability  of  metastasis  was  implanted
into  the  dorsal  subcutaneous  tissue  of  52BALB/c
nu/nu  nude  mice  (male,  body  we  ight  16.8 g-21.3 g,
mean  19.2 g,  aged  4  weeks,  derived  from  Shanghai
Experimental  Animal  Center,  Chinese  Academy  of
Sciences)  at  the  dosage  of  0.1 mL-0.2 mL  (1×107

tumor  cells  for  each  animal).
         Experiment  1.  Forty  tumor-bearing  nude  mice
with  the  tumor  mass  diameter  of  0.7 cm-1.0 cm,
different  doses  of  32P-GMS  were  injected  to  the
mass  center  of  32  nude  mice  (subgroup  1-V)  in  the
treatment  group  and  non-radioactive  31P-GMS  to
mass  center  of  8  nude  mice  as  the  control  subgroup.
The  animals  were  sacrificed  on  the  14th  day.
        Experiment   2.   Twelve   tumor-bearing   nude
mice  with  matched  tumor  size  were  eq  ually  allocated
into   treatment   and   control   group,   and   32P-GMS
3.7 MGq  were  injected  to  the  tumor  mass  at  points
with  0.8 cm  apart  from  each  other,  the  total  dosage
being  7.4 MBq-14.8 MBq,  varied  with  the  size  of
tumor.  no  treatment  was  given  to  the  control
animals.  The  mice  in  the  treatment  group  were
sacrificed  in  batches  on  day  3,  6,  13,  20,  and  28
after  medication  and  the  same  was  done  for  those
in  control  group.  The  tumor  masses  were  disposed
similar  to  Experiment  1.  One  mouse  in  both
treatment  and  control  groups  died  on  day  19  and  22
spontaneously  without  any  difference  from  the
survivals  in  appearance.  All  of  the  tumor  specimens
were  submitted  to  gross  inspection,  light  and
electron  microscopy  to  observe  the  morphological
and  ultrastructral  changes  and  then  calculate  the
tumor  inhibition  rate.  Tumor  inhibition  rate  (at  the
time  of  execution) = (tumor  weight  of  control-tumor
weight  of  treatment  group )/  tumor  weight  of
control  group×100%.

Experimental  study  on  the  toxicology  of  32P-GMS
Twelve  domestic  pigs  (6  males,  6  females)  with
average  body  weight  of  23.4 kg,  were  randomly
divided  into  3  groups:  warm  sphere  group,  32P-GMS
( n = 5 ),  cold  sphere  group  31P-GMS  ( n = 5 )  and
whole  course  blank  control  group  ( n = 2 ).  Under
generalized  anesthesia  the  catheter  was  inserted
through  femoral  artery  to  the  hepatic  artery  of  the
experimental  animal.  To  the  warm  sphere  group
32P-GMS  was  administered  at  a  dose  equivalent  to
that  of  man,  31P-GMS  administered  to  the  cold

sphere  group  a  nd  roentgenographic  contrast  medium
to  the  blank  control  group.  For  the  pigs  with
32P-GMS,  the  distribution  of  nuclide  radioactivity
was  studied  by  SPECT.  The  radioactivity  count  rate
was  recorded  on  the  body  surface  of  hepatic,
pulmonary  and  splenic  regions  of  pigs  for  14
consecutive  days.  One  pig  a  time  was  surrendered
to  euthanasia  on  week  1,  2,  4,  8  and  16.  The
animal  liver  was  dissected  and  weighed  as  soon  as
possible.  From  different  sites  of  liver  8  tissue
specimens  were  taken  for  light  and  electron
microscopy.  And  at  the  same  time,  the  major  organs
suspected  to  be  involved  such  as  lung,  spleen,
stomach  and  kidney  were  sampled  for  light
microscopy.  At  the  corresponding  time  point,  liver
biopsies  were  performed  on  the  rest  surviving  animals
for  light  and  electron  microscopy.
          Venous  blood  specimens  were  taken  for  routine
blood  count,  estimation  of  liver  and  renal  function
and  for  dynamic  study  of  liver  fibrosis  markers,
such  as  hyalu  ronic  acid  (HA),  human  procollagen
III  (hPCIII),  collagen  IV(C-IV),  laminin  (LN)  and
glycocholate  (CG)  by  radioimmunoassay.  The
specimens  prepared  routinely  were  studied  under  H-
600   electron   microscopy   at   8 000   folds
magnification,  to  observe  the  ultrastructure  and
analyze    morphometrically.   A   total   of   100
hepatocyte  nuclei  and  100  mitochondria  were
observed  in  each  sample  group,  and  the  nuclear
abnormality  (  N abn  )  and  mitochondrial  variability
(Mvar)    were    calculated    respectively.    The
characteristics  of  abnormal  nuclei  were:  nuclei
irregular  and  deformed  in  shape;  abnormal  nuclear
membrane,  distension  of  the  perinuclear  gap;
abnormal  chromatin  with  peripheral  condensation,
and  increase  in  intranuclear  inclusion  bodies  with
giant  nucleolus.  The  abnormal  mitochondria  were
characterized  by  swelling  with  disrupted  external
membrane  and  decrease  in  cristae;  shrunken
mitoch  ondria,  deep  staining  of  ground  matrix  with
decreased  granules  but  with  some  vacuoles.  The
rates  of  abnormal  nucleus  and  mitochondria
variation  were  the  percentage  calculated  from  the
number  of  abnormal  or  variation  per  total  number
of  nuclei  observed.

Preliminary  clinical  application  of  32P-GMS  in
treating  hepa  tic  carcinoma
Clinical  materials  Seventy-nine  cases  of  primary
hepatocellula  r  carcinoma,  male  67  and  female  12
with  average  age  of  52  years  (32  years-77  years).
The  diagnosis  was  based  on  the  evidence  afforded
from  the  results  of  B-  mode  sonography,  computed
tomography    or    angiogram    and    blood    AFP>
400 µg/L.  In  some  cases  with  negative  AFP,  their
pathological  and  cytological  evidence  settled  the
diagnostic  problem.  The  clinical  types  in  79  cases  of
HCC  were  single  massive  types  (52  cases,  left  lobe
3,  right  lobe  49);  multi-nodular  type  (24  cases);  and
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diffuse  type  (3  cases).  According  to  Child’s
classification  of  liver  function,  25  were  of  grade  A,
40  grade  B  and  14  grade  C.  The  average  diameter
of  tumor  mass  was  8 cm  (  3 cm-15 cm),  62  cases
(78.5%)  showed  positive  hepatitis  B  antigen,  52
cases  (65.8%)  were  complicated  with  cirrhosis,  4
cases  (5.1%)  portal  veine  mbolization,  6  (7.6%)
pulmonary  metastasis,  7  (8.9%)  peritoneal  lymph
node  met  astasis  and  8  (10.1%)  had  family  histories
of  gastrointestinal  tumors.  In  14  cases  of  secondary
hepatic  carcinoma,  6  were  primary  colonic  tumors,
5  gastric,  1  pulmonary  and  2  esophageal  cancers.

Treatment  regimen  and  grouping  Superselective
catheterization  w  as  performed  by  Seldinger’s
procedure  to  the  distal  end  of  hepatic  artery  proper
for  127  times  in  93  cases  of  hepatic  carcinoma.  No
hepatic  A-V  fistula  was  found  in  all  of  the  cases  as
confirmed  by  DSA,  then  the  32P-GMS  suspension
prepared  by  occillation  of  super-liquidized  iodized
oil  4 mL-10 mL  and  32P-GMS  with  calculated  tumor
tissue  absorbed  dose  of  50Gy  -100Gy  and  activity
range  from  370 MBq-470 MBq  was  instilled.  HCC
patients  were  allocated  randomly  into  3  groups.
Group  A:  32P-GMS  internal  irrad  iation  embolization
therapy  (30  cases);  Group  B:  32P-GMS  and  half
dose  TAE  [Adriamycin  (Adr)  30 mg/m2+cis-diammine
dichloroplatinum  (CDDP)  50 mg/m2+iodized  oil]
combined  therapy  (49  cases);  Group  C:  TAE  (18
cases).  Fourteen  cases  of  secondary  hepatic
carcinoma  were  tr  eated  by  B  and  C  regimen.
After  embolization  the  vasculature  and  tumors
taining  disappeared  on  DSA.

Follow-up  Before  treatment  the  average  life
quantity  score  was  65.5  (Karnofsty  score)[10].  The
results  in  liver  and  renal  function,  ECG,  routine
blood  counts,  blood  AFP  and  CEA  on  day  10-14
after  tre  atment  were  compared  with  the
corresponding  basal  data.  SPECT  liver  images  were
conducted  in  20  cases  before  treatment.  Distribution
of  nuclide  radioactivity  in  chest  and  abdomen  within
80 h    after    treatment    was    studied    using
bremsstrah  lung  conducted  by  SPECT.  Plain  film  of
liver  region  showed  the  foci  of  condensed  iodized
oil  shadow  within  5  days  after  treatment.  B-mode
sonogram,  or  computed  tomogram  or  plain  film  of
abdomen  was  taken  at  the  scheduled  time  of
follow-up.

Evaluation  of  therapeutical  results  According  to
the  modified  WHO[10]criteria  for  tumor  therapy,  the
effectiveness  of  grades  A,  B  and  C was  the  product
of  two  perpendicular   diameters   which   were
decreased  >50%,  50%-25%  and  25%-10%,
respectively,  while  the  product  decreased  <10%
was  defined  as  stable.  When  the  product  was
increased,  it  meant  ineffective.

Statistical  method
Chi-square  test  and  RIDIT  method  were  used  for
analyzing  categorical  data,  t  test  and  ANOVA  were
used  for  analyzing  numerical  data  and  survival  rate
was  calculated  by  life-table  method.

RESULTS
Changes  in  implanted  human  hepatic
carcinoma
Gross  inspection  ( Figure  1 )  The  similar
manifestation   in   Experi   ments   I,   II   and   controls
was  the  rapid  progressive  growth  of  tumor  mass,
beginn  ing  from  the  dorsal  injection  points  extended
to  the  contralateral  side,  eventua  lly  distributed  to
the  whole  dorsa  and  buttocks.  At  the  time  of
execution,  the  tumor  mass  presented  nodular  or
lobular  in  shape  with  axial  diameter  of  2.3 cm -
4.0 cm,  hard  and  firm  in  consistency  on  palpitation
with  thin  intact  reddish  covering  epiderma  without
ulceration.  After  the  covered  epiderma  was  incised,
there  was  plenty  of  blood  vessels  on  the  mass
surface,  bleeding  readily,  and  the  section  showed
light  reddish  in  color,  dense  in  consistency,  rich  in
vessels,  and  sometimes  with  central  necrosis  and
focal  liquification.  In  the  treatment  group  the  growth
of  tumor  mass  was  evidently  inhibited,  and  the
inhibiting  rate  was  directly  proportional  to  the  dosage
administered  and  time  elapsed  (Tables  1,  2).  About
5  days  after  medication,  the  tumor  mass  began  with
uleration,  bleeding  or  petech  ia,  liquification  and
cystic  degeneration.  These  changes  might  result  in
increas  e  in  tumor  size,  but  that  was  qualitatively
different  from  the  growth  of  tumor  in  control
group.The  tumor  of  subgroups  I  and  II  shrank
with  scars  or  cystic  degeneration.  The  section  of
tumor  showed  grayish  white  color  with  poor
vascularity.  In  subgroups  III-IV,  most  of  the
implanted   tumors   presented   with   ulceration,
bleeding,  liquification  and  cystic  degeneration,  the
section  of  tumor  showed  grayish  white  in  color  with
poor  vascularity,  too.  These  changes  had  already
appeared  on  3  day  after  medication.

Table 1 Nude mice in different absorbed dosage group the tumor
weigh t (g) variance, SNK analysis and tumor inhibiting rate (14d)

Group No. of     Tumor weight          Absorbed dose Tumor inhibiting  Necrosed
    Cases (n)         (x±s)       SNK  mean value (Gy)      rate (%)      tumor cell (%)

Control     8 6.25±0.39         A            -     -               4
I     6 0.40±0.10a                 B       7320 93.6            82
II     6 0.46±0.08a                 B       3660 92.5            78
III     8 0.94±0.10a                C       1830 84.8            70
IV     6 2.17±0.26a               D         366 65.3            47
V     6 2.43±0.33a                E         183 59.7            40

Variance analysis of the mean tumor weight of different doses
and control group after square root correction, F = 579.62, aP<
0.01. Different or same alphabets denote with or without
statistical signific ance of mean deviations between groups
respectively.
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Table 2 Relationship between tumor inhibiting rate and
execution time in tumor-bearing nude mice accepted 32P-GMS
in absorbed dose of 366Gy

   Time of          Weight of tumor (g)     Tumor inhibiting
execution (d)  treatment group/control group            rate (%)

  3   1.5/2.3 34.8
  6   1.7/3.2 46.9
13   2.1/5.9 64.4
20   1.6/6.7 76.1
28   1.0/6.8 85.3

Light  microscopy  (Figure  2)  The  tumor  cells  of
control  group  w  ere  closely  arranged  in  the  form  of
trabeculae  with  large  nuclei  and  prominent  nucleoli.
Some  cells  showed  binuclei  or  giant  nucleus  and
mitosis  were  readily  found.  Plenty  of  blood  sinusoids
and  concentrated  bile  could  be  found  between  the
intercellular  space  of  tumor  cells.  Some  of  the
tumor  tissues  showed  fatty  change  or  scattered
focal  necrosis.  In  the  treatment  group  the
microscopic  manifestat  ion  varied  with  the  different
activities  of  the  32P-GMS  administrated  .  In  the  I
and  II  subgroups  the  tumor  cells  were  loosely
arranged  with  widely  d  istributed  coagulation
necrosis.  Some  nuclei  showed  prominent  shrinking
degeneration.  In  subgroup  III  the  tumor  cells  were
loosely  arranged  and  separated  by  thick  or  thin
bundles  of  vesiculo-fibro-connective  tissue  forming
pseudoacini,  and  in  the  nest  some  nuclei  were
broken  with  deeply  stained  scant  cytoplasm.  The
histological  characters  in  subgroups  IV  and  V  were
that  the  arrangement  of  tumor  cells  transformed
from  dense  to  loose  with  scattered  spot  necrosis,
blood  sinuses  being  not  found.  In  loosely  arranged
tumor  cells  desmosomes  were  fewer  than  those  in
the   closely   arranged   tumor   cells,   but   the
degenerated  necrotic  cells  increased.  The  necrosis
was  mainly  located  at  the  center  of  tumor  mass
and  scattered  among  the  dispersed  tumor  cells.  In
this  experiment,  a  tumor  mass  with  largest  dose  of
radiation  showed  metaplasia  in  the  neighboring
epidermal  tissues.

Electron  microscopy  (Figure  3)  In  the  control
group,  most  of  the  tumor  cells  were  poorly
differentiated  and  rapidly  multiplicated,  with  the
characteristics  of  irregular  large  nuclei  with  deep
indentation,  pseudo-inclusion  body  formation,  large
and  prominent  nucleoli,  several  peripherally
aggregated,  nucleoli  with  plenty  of  chromatin  in  it.
In  cytoplasm  mainly  free  polyribosome  presented,
while   mitochondria,   glycogen   and   rough
endoplasmic  reticulum  were  scant.  In  the  nearby
interstitial    tissue    infiltrated    tumor    cells,
degenerated  lymph  ocytes,  damaged  fibroblasts,

loose  collagen  fiber,  and  many  vesicular  inclusion
bodies  in  the  nuclei  were  found.  The  tumor  cells  of
subgroup  I  revealed  necrotic  injury,  and  in  the
severely  injured  cells  the  nuclei  lysed,  cell  membrane
disrupted  and  numerous  debries  were  found.  The
injured  tumor  cells  showed  condensation  of  nuclear
chromatin,  peripheral  aggregation  of  heterochromatin
in  pieces,  dam  aged  organellae  in  cytoplasm,
disappearance  of  mitochondrial  cristae  and  ribosom
es,  appearance  of  many  vacuoles  and  lipid  particles.
In  subgroup  II,  many  tumor  cells  presented
histological  structures  similar  to  those  in  subgroup
I,  but  with  many  lysosomes  and  mimetic  secretory
granules.  Some  were  differentiated  tumor  cells
with  the  characters  of  round  nucleus  with  small
nucleolus,  evenly  distributed  chromatin,  mainly
euchromatin,  mitochondria  and  rough  endoplasmic
reticula  in  the  cytoplasm,  formation  of  microvilli  at
the  interface  of  tumor  cells.  The  capillaries  between
the  moderately  differentiated  tumor  cells  had
thickened  or  loosened  basal  membrane  with  local
defects,  and  abundant  fibroblast  and  coll  agen
fibers  could  be  found  in  the  matrix.  And  there
was  a  tendency  of  bile  canal  iculi  formation
somewhere  in  the  matrix.  The  tumor  cells  in
subgroup  III  showed  different  morphologic
appearance,  some  damaged  mildly  and  others
severely,  but  some  were  moderately  differentiated
with  plenty  of  cytoplasmic  free  polyribosomes.
Plasma  cells  scattered  among  the  tumor  cells,  and
some  lymphocytes  protruded  pseudopodia  when
contacted  with  the  tumor  cells,  no  abnormality  was
found  in  the  dermal  cells  of  adjacent  skin.  There
were  residual  tumor  cells  showing  active
proliferation  in  subgroup  IV,  and  some  normal  or
degenerated  lymphocytes,  fibroblasts  and  collagen
fibers  presented  in  the  interstitial  tissue  near  the
tumor.  In  subgroup  V,  the  histological  structure
was  manifested  in  various  complicated  forms,  and  the
active  multiplication  of  tumor  cells  were  readily
seen.

Toxicological  manifestation  of  liver  tissue  in
domestic  pigs
Absorbed  dose  of  32P-GMS  Liver  tissue  histological
parameter   of   domestic   pigs   with   intrahepatic
arterial  administration  of  32P-GMS  and  the  absorbed
dose  of  internal  radiation  in  liver  lobe  at  the  time  of
euthanasia  were  estimated  (Table  3).  By  scanning
the  different  body  surface  regions  of  experimental
pigs,  the  macrocosmic  radioactivity  counts  in  the
target  organ  might  attain  more  than  90%  of  total
dose  of  32P-  GMS  given  through  the  hepatic  arterial
catheterization.   The   effect   of   the   dispersed
radiation  was  also  included  in  this  rate.
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Figure 1  After intratumoral injection of 3 2P-GMS, SPECT
revealed radioactive image condensed in the tumor but not in the
non- target tissue. On the 14th day tumor in treatment group
shrank prominen tly. Increased in size and plenty of blood supply
in control group.

Figure2 On the 14th day, Control group tumor cell s densely
arranged and actively growing (HE×100). Treatment group,
tumor  cells  in  coagulation  necrosis  (HE×100). Treatment
group,  radiation  injury  in  neighboring  epidermal  tissue
(HE×200).

Figure3  Results  of  intratumoral  injection  of  32P-GMS
demonstrated by electron microscopy:  Necrosed tumor cells
(×5000 ). Formation of bile duct-like structure among tumor
cells (solid arrow) (×8 000). Plenty of microvilli on the surface of
tumor cell (×7000). In control group, intratumoral injection of
32P-GMS showing heteromorphic tumor cell with cleavage of
nucleus and scanty microvilli on surface (×7000).

LIU Lu, et al. 32p-GMS in the interventional treatment of hepatic carcinoma                497



Serological  manifestation  In  warm  sphere  group,
the  lactic  acid  dehydrogenase  level  attained  2  folds
to  the  upper  limit  of  normal  in  human  being  at  the
beginning,  and  one  week  later  it  rose  to  4-6  folds.
It  did  not  decline  significantly  to  3-4  folds  until
week  4,  and  then  it  continuously  declined  to  the
initial  level  at  week  8.  As  for  aspartate
aminotransferase  (AST)  or  γ-glutamyl  transpeptidase
(γ-GT)  there  was  an  elevation  in  different  degr  ee,
but  for  total  protein  (TP)  and  total  bilirubin  (TB)  no
changes  were  observed.  The  se  items  were  neither
found  abnormal  in  the  cold  sphere  group  nor  in
blank  control  one.  As  for  the  markers  of  pig  liver
fibrosis,  the  basal  level  of  HA  was  wi  thin  normal
human  range  (2µg/L-100µg/L),in  the  warm  sphere
group  and  rose  to  the  peak  and  then  declined  to
normal.  While  in  the  cold  sphere  one,  it  rose  slightly
at  week  1,  then  restored  gradually  to  normal.  The
initial  level  of  hPCIII  was  2  folds  to  the  upper  limit
of  normal  (<120µg/L).  Within  two  weeks  of  warm
sphere  admini  stration  it  increased  to  3  folds  of  the
normal  value  and  recovered  to  initial  le  vel  within  8
weeks;  for  the  cold  sphere  group,  hPCIII  value
increased  slightly  at  week  2,  then  returned  to  the
initial  level  at  week  4.  There  was  no  abnormality  of
above  markers  in  the  blank  control  group.  In  the
dynamic  studies  of  G-IV,  C  G  and  LN,  no  apparent
alterations  were  found  in  any  animal  group.

Light  microscopy  In  the  portal  area  the  debris  of
32P-GMS  (Figure  4)  was  found.  In  the  warm  sphere
group,  some  hepatocytes  show  ed  granulation  and
eosinophil  granulocytes  infiltration  at  week  2  and
week  4;  slight  granulation  of  hepatocytes  and  some
with  fatty  change  were  found  at  week  8;  no
apparent  abnormalities  were  found  at  the  week  16

and  during  the  whole  course  in  cold  sphere  and
blank  control  groups.  no  apparent  changes  were
seen  in  the  lung,  spleen,  stomach  and  kidney  of  all
the  experimental  animals.

Electron  microscopy  (Figure  5)  By  clectron
microscopic  morphome  tric  analysis,  the  Nabn  and
Mvar  of  the  hepatocytes  are  shown  in  Table  4.  One
to  two  weeks  after  internal  irradiation,  in  the  warm
sphere  group  there  were  alterations  in  nuclei  and
mitochondria,  dilatation  of  rough  endoplasmic
reticulum,  local  lytic  injury  in  endothelial  lining  of
sinusoid,  and  apale  faint  halo  at  the  periphery  of
erythrocyte.  no  liver  tissue  abnormality  was  found  in
the  cold  sphere  group.  In  warm  sphere  one  at
week  4  of  internal  irradiation,  the  hep  atocytes  still
showed  some  abnormal  features  including  decreased
mitochondira,  distended  rough  endoplasmic  reticulum,
detached  ribosome,  greatly  increased  lysos  omes
and  myeloid  bodies,  bile  canaliculi  disrupted  showing
cholestasis,  and  vasc  ular  endothelium  was
prominently  damaged.  Eight  weeks  after  irradiation,
the  injured  hepatocytes  decreased.  There  were  plenty
of  organellae  and  glycogen  particles  in  cytoplasm,
intercellular  junction  among  the  hepatocytes  showed
normal  configuration  with  regularly  arranged  microvilli,
the  matrix  of  mitochondria  condensed,  rough
endoplasmic  reticulum  distended,  and  fat-storing
cells  of  collagen  fibers  were  prominently  presented
in  the  Disse’s  spaces;  and  endoth  elium  of  blood
sinus  was  integrated  and  accompanied  with
neutrophil  granulocytes  infiltration.  In  the  liver  tissue
of  whole  liver  embolization  with  cold  spheres  the
nuclei  of  hepatocytes  remained  normal,  but  the
cytoplasm  revealed  the  chang  es  similar  to  those
found  4  weeks-8  weeks  after  internal  irradiation.
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Table 3 Histological liver tissue parameter and estimated value of a bsorbed dose in domestic pigs with hepatic arterial administration
of 32 P-GMS

32P-GMS (MPq·mg-1)
Animal       Sex Route of         Time of Tissue macrocosmic
 serial medication           death      Administered    Cumulated Weight      mean absorbed
  No.            (wk)     activity (MBq) activity (MBq) (mg)          dose (Gy)

   1          F Right hepatic artery         1                           0                          0   300
   2          M Left hepatic artery          2                           0                          0   260
   3          F Hepatic artery proper      4                           0                          0 1353
   4          M Hepatic artery proper      8                           0                          0   374
   5          F Right hepatic artery       16                           0                          0 1000
   6          M Right hepatic artery         1                       925                      266   313   48
   7          F Left hepatic artery          2                       944                      465   705 190
   8          M Hepatic artery proper      4                     1070                      825   375 104
   9          F Left hepatic artery          8                       459                       529   343 136
 10          M Right hepatic artery       16                       461                       459   349   61
 11          F Hepatic artery proper    16                           0                                                              0
 12          M Hepatic artery proper    16                            0                                                              0

Calculated from the estimated liver weight of 1.5kg before medication.



The  liver  tissue  specimens  taken  at  16  week  of
internal  irradiation  demonstrated  that  most  of  the
hepatocytes  recovered  almost  to  normal   with
abundant  collagen  fibers  in  the  Disse’s  space,  while
those  from  cold  sphere  group  were  essentially  normal.
The   liver   tissue   was   morphologically  normal  in  the
whole  course  of  blank  c  ontrol  group.

Table 4  Nabn and Mvar of nucleated hepatocytes and their
standard error (P±SE)

          Warm sphere group   Cold sphere group      Bland control
No. of
week       Nabn             Mvar      Nabn        Mvar           Nabn              Mvar

1 60±4.09a           80±4.00a   9±2.86c     5±2.18c

2 58±4.94a           77±4.21a   8±2.71c     4±1.96c

4 38±4.85b           60±4.90b   5±2.18c     6±2.37c

8   8±2.71cd         12±3.25ce   3±1.71c     5±2.18c

16   4±1.96cd            4±1.40ce   2±1.40c     2±1.96c    2±1.40  2±1.40

Warm sphere group no statistical significance between week 1 and
week 2, χ2=0.27, aP<0.50. In warm sphere group comparison
of week  1  and  week  2  with  week  4,  χ2 = 6.70 - 9.68,bP < 0.01
and  with  other  groups,  χ2 = 65.09 - 115.09, cP < 0.001. Nabn of
week  8  compared  with  that  of  week  16,  χ2 = 1.42,  dP < 0.20.
Mvar of  week  8  compared  with  that  of  week 16,  χ2 = 7.68,  eP <
0.01.

Clinical  application
Therapeutic  effectiveness  (Table  5)  In  groups  A
and  B,  most  of  the  HCC  patients  with  32P-GMS
treatment   revealed   prominent   symptomatic
improvement,  relief  of  pain  in  liver  region,
improvement  of  appetite,  gain  of  body  weight,
decreased  tumor-size  and  iodized  oil  condensed  in
the  form  of  fragments  or  encapsulated  cumulation
on  the  film  or  CT  ( Figure  6 ).  No  collateral
circulation  around  the  tumor  body  was  found  after
32P-GMS  treatm  ent,  but  in  5  cases  of  group  A  some
secondary  foci  neighboring  the  primary  foci  which
had  been  controlled,  appeared  within  2-3  months
after  therapy.  no  such  pro  blem  was  found  in  group
B.  In  three  cases  of  diffused  type  of  HCC,  the  foci
were  not  controlled  effectively.  Of  the  79  cases  of
HCC,  the  post-treated  tumor  size  as  compared  with
their  original  sizes,  was  decreased  more  than  50%,
50%-  25%,  25%-10%  and  less  than  10%  in  24
(30.37%)  cases,  25  (31.64%),  22  (27.84%)  and  8
(10.1%),  respectively.  After  32P-GMS  and  TAE
treatment  in  group  B,  4  received  surgical  resections
of  tumor  with  fair  results  but  the  other  6  with
decreased  tumor  size  refused  to  be  operated  on.
Twelve  of  14  cases  of  metastatic  hepatic  carcinoma
after  regimen  B  and  C  treatment  showed  decrease  in
size  of  foci,  giving  an  effective  rate  of  85.71%.

Toxic  or  adverse  effects  About 2-3 days after  TAE
treatment  in  group  C,  some  patients  experienced
fever  of  38.5   and  had  grade  IV  leukocytopenia,
almost  all  patients  had  nausea,  vomiting  and  upset

or  pain  in  liver  region.  Serum  ALT,  ALP  and
bilirubin  were  slightly  elevated,  the  markers  of  liver
fibrosis  HA  and  hPCIII  revealed  transient  elevation,
restored  to  the  pretreatment  level  about  half  month
later,  C-IV,  LN  and  CG  did  not  show  any
fluctuation.  no  abn  ormalities  were  found  in  renal
function  and  ECG.  As  compared  with  group  C,  the
a  bove  features  in  group  A  patients  were  rare  and
mild,  among  them  7  cases  had  pre  treatment  WBC
<2.0×109/L  and  one  patient  with  uremia  under
regimen  A  treatment  did  not  present  significant  side
effects  or  complications.  In  group  B  patients  no
grade  III-IV  gastrointestinal  reaction  and  no  grade
IV   leukocytopeni   a   occurred   after   treatment
(Table  6).

Living  quality  and  survival  period  The  median
survival  period  of  HCC  patients  in  groups  A  and  B
was  585  days,  in  group  C,  455  days.  The  0.5,  1,  2
and  3  year  survival  rates  in  group  A,  B  and C  were
100%,   96.7%,   56.7%,   43.3%;   97.7%,   91.8%,
61.2%,  51.0%  and  96.4%,  81.8%,  41.2%,  31.0%,
respec  tively.  The  living  quality  of  patients  in
groups  A  and  B  has  improved  prominently  as
evaluated  by  Karnofsty  score,  which  rose  from  the
basal  level  of  65.5  to  7  5.5,  eventually  to  80  in  the
recovery  stage  of  some  individual  patients.  A
patient  complicated  with  uremia  maintained  by
hemodialysis  survived  up  to  26  months  after
treatment,  another  patient  committed  suicide  due  to
the  cause  unrelated  to  hisillness.  Two  cases
complicated  with  cancer  cell  embolism  of  portal
vein  survived  merely  3.5  and  6.5  months  and  died
from  upper  digestive  tract  bleeding  a  nd  hepatorenal
syndrome  respectively.

Prognostic  factors  affecting  the  survival  rate
Multifactorial  analysis  revealed  that  the  following
prognostic  factors  may  affect  the  survival  rate:
accumulation  of  32P-GMS  in  the  tumor  mass,
parameters  of  hepatic  fibrosis,  the  clinical  types,
size  and  its  magnitude  of  decrease  after  treatment
and  whether  intrahepatic  or  remote  metastasis  was
present.  The  therapeutic  effectiveness  was  not  fully
dependent  upon  the  different  histocyto  logical  types.

Table 5   Comparison of effectiveness in different therapeutic
groups

Grade of effectiveness Group A Group B Group C
    ( n )

>50%        9     15       4
50%-25%        7     18       5
25%-10%        9     13       5
<10%        5        3       4
Effective rate %    83.33                 93.87               77.77

RIDIT analysis: A/C: α 0.05, no statistical diff erence between
two groups. B/C: α=0.05, significant difference between t wo
groups.
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Table 6 Comparison of toxic hematological reaction in different
grou ps

               Group A ( n ) Group B ( n )         Group C ( n )
Grading

        Hb WBC Pl t Hb     WBC      Plt    Hb  WBC  Plt

0         10  12 12 18 15       16      2     4       2
I         12  16 10 22 24       23      5      2       4
II               8        2          8           7          8         9      6       6       6
III                                                2          2          1      3      4       3
IV                                                                                 2      2       3

Figure4     Pig no.10 by intrahepatic artery instillati on of 32P-GMS
after 16wk, showing the glass fragments (solid a rrow shows) in
the portal area, the distorted venule in the lower part of the pi cture
is the artifact due to compression of interlobular venule by the gl
ass microsphere during preparating slide. HE stain×400

Figure5 First week of internal irradiation irreg ularly distorted
nuclei of hepatocytes, aggregation of heterochromatin at the pe
riphery of nuclei, distension of perinuclei gap (solid arrow);
decreased number of mitochondria in cytoplasm with heavy or
light stained substance: dilatation of rough endoplasmic reticulum,
depleted glycogen, and increased lysosomes and vacuoles. ×10
000 16wk of internal irradiation: normal configuration of
hepatocytes, plenty of plasmic mitochondria with normal cristae
(curved arrow), no distention of the rough endoplasmic reticulum
pool (small arrow), nor mal cellular conjunction (solid arrow). ×6000

Figure6 Case 1. Hepatic carcinoma, massive type, apparent
decreased in size two months after 32P-GMS treatment (s olid
arrow). Case 2. Multiple metastatic hepatic tumor apparently
decreased in size of left lobe focus after 32P-GMS treatment (solid
arrow).
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Figure7 SPECT imaging before and after 32 P-GMS internal
irradiation in patients with relapsed HCC (interlobular) after
operation. Upper picture demonstrates interlobular colloidal image
(anterio-posterior and light lateral position). Lower picture shows
80h after 32 P-GMS treatment, most of 32P-GMS cumulated in the
foci, no e xtrahepatic organ imaging was found.

DISCUSSION
As  the  experiment  demonstrated  that  the  local
internal  irradiation  of  32P-GMS  surely  had  the
cytocidal  effect  on  tumor  cells  and  exerted  a  potent
inhibitive  effect  on  the  growth  of  tumor  even  at  the
third  day  of  medication.  T  he  β-ray  generated  from
32P-GMS  exerted  injurio  us  effect  on  tumor  tissue
with  very  complicated  mechanism:  After  the
tumor  cel  ls  absorbed  the  â-ray  energy,  it  directly
affected  the  ionizat  ion  a  nd  excitation  of  biological
active  macromolecules  or  broke  its  chemical  bonds
an  d  destroyed  the  molecular  structure.  Since  the
active  biological  macromolecules  were  the  main
component  of  cell  membrane,  organelle  and
nucleus,  defects  in  these  structures  apparently  would
reflect  the  impairment  of  their  function.  The
indirect  effect  of  â-ray  irradiation  was  to  conduct
ionizatio  n  and  irradiation  of  the  water  molecule  in
intracellular  environment  and  to  gene  rate  many
kinds  of  free  radicals  and  superoxides  such  as  O2,
H2O2  etc.  hav  ing  very  active  chemical  property
with  high  oxidative  toxicity.  These  irradiative
products  injured    or    destroyed    the    biological
macromolecules[12].  β-ray  acted  on  the  cell  DNA
to  induce  the  ce  ll-death  related  gene  expression,
hence  to  accelerate  the  apoptosis  of  cancer  cells[13].
When  the  cancer  cells  received  massive  dose  of
irradiation,    the    metabolic    activity    ceased
immediately,  the  cell  structure  disrupted  and  lysed,
resulting  in  cell  death  at  metaphase;  when  the
cancer  cells  received  irradiatio  n  at  a  certain  dosage,
and  fulfilled  several  times  of  multiplication,  they
would  lose  the  ability  of  proliferation  leading  to
proliferative    death[14].    In    addition,     β-ray
irradiation  had  the  effect  on  occluding  capillary
vessels  and  inducing  the  hyperplasia  of  connective

tissue  in  tumor  resulti  ng  in  structural  derangement
and  promotion  of  the  injury  and  necrosis  of  tumor
cells.
         On  the  14th  day  of  local  injection  of  32P-GMS
to  the  tumor,  the  tumor  cell  death  rate  was  43%-
82%  in  different  treatment  groups,  but  4%  in
control  group.  The  anticancer  effect  of  32P-GMS
was  directly  proport  ional  to  the  dose  administrated.
In  a  particular  time  period,  the  rate  of  tumor  cell
death  exceeded  its  rate  of  proliferation,  then  the
tumor  decreased  in  size;  on  the  contrary,  the  death
rate  of  tumor  cell  did  not  exceed  their  rate  of
growth,  the  tumor  growth  might  be  somewhat
inhibited  in  a  certain  extent  too.  In  the  specimens
of  different  treatment  groups,  the  tumor  cells  might
exhibit  as  survi  ved,  denatured  or  necrosed  (in  early
or  typical  changes).  This  reflected  essentially  the
whole  course  of  tumor  cell  progression  from
denaturing  to  cell  death  after  irradiation.  The
ultrastructural  changes  demonstrated  that  under  the
effect  of  high-dose  irradiation,  the  tumor  tissues
received  a  lethal  radiation  energy  in  a  short  period,
resulting  in  nonexistence  of  tumor  cells  which  had  a
high  ability  to  synthesize  endogenous  protein.  In
subgroup  I,  two  tumor  masses  ne  crosed  thoroughly
the  skin  neighboring  to  one  of  them  showing
metaplasia.  Whether  this  was  the  result  of  radiation
injury   evolving   to   malignant   change   and
degenerati  on  or  not  should  be  further  investigated.
Under  the  appropriate  dose  of  irradiat  ion  (subgroup
II  and  III),  besides  most  of  the  tumor  cells
necrosed,  the  tendency  of  deriving  to  nearly  normal
histological  picture  evolved,  such  as  plenty  of
microvilli  on  the  cell  surface,  genesis  of  bile
canaliculi-like  structure,  etc.  These  demonstrated
that  the  32P-GMS  has  the  ability  of  killing  the
actively  proliferative  tumor  cells  and  promoted  the
normalization  of  regenerative  cells.  These  were
similar  to  the  effect  of  irradiation  in  trace  amount
which  mig  ht  stimulate  and  enhance  the  local
metabolism  of  inflammatory  tissues,  accelerate  the
death  of  injured  cells  and  promote  the  growth  of
normal  tissue,  but  this  was  not  found  in  control
group.  It  is  also  observed  that  the  synergestic  effect
of  immunocytes,  cytolytic  phenomena  and  its
inhibition  on  the  dispersion  of  tumor  cells  were
enhanced  in  the  tumor  cells  or  nearby  tissues.  It
denoted  that  the  a  nticancer  effect  of  32P-GMS  was
directly   proportional   to   the   time   course   of
medication,  based  on  the  principle  of  after  effect
and  cumulative  effect  of  radioactive  nuclide
therapy.  After  intratumoral  injection  of  32P-GMS,
it  was  not  dispersed  or  displayed  to  the  non-
targeting  tissue  as  confirmed  by  SPECT  imaging.  In
comparison  with  intratumoral  injection  of  ethyl
alcohol  [15]  or  acetic  acid[16,17],  32P-GMS  needs  no
repeated  injection,  with  minimal  side  reaction[18].

LIU Lu, et al. 32p-GMS in the interventional treatment of hepatic carcinoma               501



Intratumoral  injection  of  32P-GMS  was  the  best
choice  in  treating  the  unresectable  tumor  or  some
metastasized  lesion  as  well  as  those  unsuitable  for
intra-arterial  interventi  onal  therapy,  it  was  also
suitable  for  solid  malignant  tumors  which  could  be
reached  anywhere  on  the  human  body.
          We  have  got  sufficient  data  from  the  dynamic
study  on  the  ultrastructural  morpho  metric  analysis
of  liver  tissues  taken  from  warm  sphere,  cold  sphere
and  control  groups.  According  to  the  injury  of
normal  liver  after  internal  irradiation  and  its
repairing  process,  it  was  allocated  into  4  periods:  
acute  reactive  period  (within  2  weeks  ),  subacute
reactive  period  (2-4  weeks),  prerecovery  period
(4-8  weeks),  recovery  period  (8-16  weeks).  In
the  acute  period  of  warm  sphere  group,  there  was
decreased  proteosynthetic  function  and  alteration  of
energy  metabolism,  decreased  synthetic  ability  of
ATP.  The  faint  halo  around  the  erythrocytes  in  the
blood  sinus  as  shown  under  electronmicroscopy
probably  was  the  super  liquidiz  ed  iodized  oil.  The
disruption  of  sinusoidal  endothelium  was  closely
related  to  the  route  of  medication.  No  apparent
injury  of  hepatic  tissue  was  found  in  the  control
group.  This  suggested  that  the  serial  changes  in
ultrastructure  which  was  seen  in  the  warm  sphere
group  might  be  the  result  of  radiation  injury.  The
sinu  soidal  endothelium  was  most  prominently
disrupted.  All  these  changes  represented  the
synergestic  action  of  internal  irradiation  and
embolization.   At   the   prerecovery   period,   the
abnormal  nuclei  of  hepatocytes  were  scarcely  seen,
but  the  cytoplas  mic  organellae  recovered  more
slowly  than  the  nuclei.  Cell  injury  was  resulting  in
increase  in  myeloid  bodies  in  the  cytoplasm,  which
indicated  the  liver  tissue  evolved  into  self-repairing
stage.  The  hepatocytes  appeared  essentially  normal
in   the   recovery   period.   Electron   microscopy
revealed  prominent  collagen  fibers  in  the  Disse’s
space  in  some  of  the  liver  specimens,  whether  it
indicated  the  te  ndency  of  early  liver  fibrosis  or  not
should  be  further  studied.
         Recent  evidences[19]  showed  the  C-IV  increases
prominently  in  the  early  stage  of  liver  fibrosis,  LN
is  closely  related  to  the  genesis  of  liver  fibrosis,  and
CG  is  the  important  marker  for  estimating  the
severity  of  biliary  cirrhosis,  but  the  serum  C-IV,  LN
and  CG  all  fell  into  the  human  normal  range  in  the
whole   course   of   the   experimental   animals.
Therefore,  the  presence  of  collagen  fibers  in  the
Disse’s  space  was  probably  of  transient  local
changes.  The  transient  ch  anges  in  HA  value  were
similar  to  those  of  hPCIII,  and  the  liver  injury
induced  serum  HA  elevation  was  positively
proportional  to  the  severity  of  illness,  and  the  serum
hPCIII  level  was  closely  related  to  the  extent  of
fibrosis.  When  the  function  of  hepatocyte  was

damaged,  hPCIII  might  be  released  to  circulation
and  often  used  as  the  guidance  for  selection  of
therapeutic  medicine[20].  Therefore,  the  transient
changes  in  domestic  pig  serum  HA and hPCIII  values
were  the  imp  airment  of  liver  function  resulted  from
32P-GMS  administration.  It  was  reported[21]  that
intra-hepatic  arterial  administration  of  cold  spheres
to  the  dosage  equivalent  to  12  folds  of  the  human
tolerable   dose   merely   induced   the   clinical
permissible  intrahepatic  changes  and  did  not  follow
with  portal  fibrosis  or  hepatic  cirrhosis  after  90  days
observation.  The  experiment  demonstr  ated  that  the
cold   sphere   slightly   injured   the   hepatocytes,
probably  being  the  embolization  of  the  nutritional
artery  rather  than  irradiation.  In  this  experiment,
through  hepatic  artery  medication,  no  non-target
organs  developed  in  all  of  the  domestic  pigs.  no
prominent  ultrastructural  changes  were  found  in  the
hepatic  lobe  during  the  whole  course  in  the  control
animals.   The   experiment   demonstrates   that
intrahepatic  change  of  clinically  permissible  extent
might  be  induced  in  the  liver  tissue  of  domestic  pigs
that  received  32P-GMS  in  the  macrocosmic  average
absorbed  dosage  of  48Gy-190Gy.  These  changes
were  reversible  subleth  al  injury[14]  and  essentially
recovered  within  8  weeks.  In  the  observ  ation  of  120
days  there  was  no  evidence  of  portal  fibrosis.  This
is  the  eviden  ce  that  superselective  intrahepatic
medication  may  yield  a  high  energy  region  and
without  serious  injury  to  the  nearby  non-medicated
tissues  or  organs.
        Hepatic  artery  embolization  is  the  important
measure  in  treating  hepatic  carcinoma[22,23].
Investigating  an  ideal  embolizing  agent  is  the
substantial  project  in  interventional  therapy  of
tumor.  The  ideal  internal  radioactive  nuclide  should
serve  as  a  spotted  source  of  radiation  with  high
energy  reserve  and  the  carrier  having  high
orientating  rate,  lasting  longer  in  the  target  tissue,
and  the  loaded  nuclide  was  not  easy  in  detaching  or
leaking   to   circulation.   32P-GMS,   administrated
through  the  hepatic  artery,  wedged  in  the  terminals
of  this  artery  with  its  mixed  iodized  oil  which  was
not  absorbable  could  occlude  the  arterial  capillary.
In  addition  to  the  radiation  obliteration  of  blood
vessels  induced  by  internal  irradiation,  the  collateral
circulation  was  not  readily  generated  in  the  foci.  All
of  the  above  mentioned  advantages  will  benefit  to
boost  ing  therapeutic  efficiency.  Therefore  32P-GMS
is  an  appropriate  inte  rnal  radioactive  embolizing
agent  with  medium  or  long  duration.  It  has  been
conf  irmed  in  the  clinical  investigation,  the  tumor  in
liver  showed  angiogenesis  at  the  microcirculatory
level  and  might  trap  microspheres  3-4  folds  to  that
of    normal   liver   tissue[24-26].   Instillation   of
therapeutic  dose  of  radionuclide  to  the  nutritional
arteries  of  tumor,  particularly  condensed  in  the
tumor  tissue,  may  exert  potent  cytocidal  effect  to
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fulfill   the   purpose   of   therapy.   It   has   been
reported[27-29]   that   Yttrium-90-GMS  ( 90Y-GMS )
used  in  intrahepatic  arterial  embolization  got  fair
result,  and  the  absorbed  dosage  attained  50Gy-
100Gy    in    the    tumor    may    have    radical
effectiveness[29].    neve    rtheless    90Y-has    the
disadvantages  of  short  half-life,  inconveniened  in
clinical  application,  and  90Y-GMS  having  smaller
diameter,   and   higher   hepato-pulmonary   shunting
index  than  that  of  32P-GMS[30].  As  reported  that
intratumoral  injection  of  90Y-GMS  in  33  cases  of
hepatic  carcinoma,  the  bremsstrahlung  radiation
conducted   by   SPECT   showed   21.4%   had
development  in  lung,  and  14.3%  in  intestine.  In
our  study  32P-GMS  in  therapeutic  dosage  through
superselective  hepatic  arterial  regional  instillation,
particularly  condensed  in  the  tumor  tissue  including
the  central  and  peripheral  portions,  forming  a  high
energy  region  and  it  is  worth  noting  that  extra-
hepatic  development  was  not  found  (Figure  7).
Therefore  transhepatic  artery  administration  of
anticancer  agent  is  the  first  choice  in  regional
medication  to  treat  hepatic  tumor.  If  the  hepatic
artery    is   severely   distorted   or   fails   in
catheterization,  intraparenchymal  injection  of  32P-
GMS  should  be  considered  instead.
      The  therapeutical  results  of  TAE  were
inconsistent  in  different  histocytological  type  of
HCC[31].  The  clear  cell  type  was  most  sensitive,  the
small  cell  and  poorly  or  undifferential  type  was
moderately  sensitive.  Based  on  the  radio-biology,
cell  sensitivity  to  nuclide  beam  depended  upon  the
functional  status  of  the  cell  proper.  The  cytocidal
effect  and  durability  of  32P-GMS  was  superior  to
the  other  anticancer  chemicals.  The  therapeutic  results
de  pended  upon  the  clinical  classification  rather  than
histocytological  types.
         The  results  of  clinical  observation  revealed  that
the  clinical  classification  and  the  specific  features  of
angiogram  might  be  the  basis  for  evaluating  the
therapeutical  effectiveness  and  predicting  the
prognosis.  The  clinical  materials  suggested  that  the
regimen  B  is  superior  to  regimen  A  and  C  in  the
respect  of  decreasing  tumor  size  and  prolonging  the
survival  period.  The  follow-up  results  demonstrated
that  the  excellent  effect  was  evolved  in  the  cases
with  small  tumors,  plenty  of  blood  supply,  intact
capsule  and  heavily  aggregated  32P-GMS  in  the
tumor  as  revealed  by  SPECT.  Analysis  of  the
clinical  classificati  on  showed  that  in  average
survival  time  of  the  3  clinical  types  of  HCC  solitary
mass  type  was  longer  than  the  multiple  and  diffuse
type.  The  patients  with  apparent  decrease  in  AFP
level  were  consistently  accompanied  with  decrease
in  tu  mor  size  and  necrosis  in  the  tumor.  In  case  of
these  features  relapsed  and  eleva  tion  of  AFP  or
complicated  with  intrahepatic  or  remote  metastasis,
all  these  would  result  in  poor  prognosis.
      Strategy   of   therapy:   for   those   hepatic
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carcinoma  with  intact  capsule  and  diameter  below
6cm  treated  by  the  regimen  A  for  1  or  2  courses
could  get  satisfac  tory  result,  and  for  those  with
occult  metastatic  foci,  the  secondary  foci  would  be
present  besides  the  controlled  original  lesion  several
months  later.  It  is  of  significance  to  use  32P-GMS
and  TAE  in  combination  resulting  in  apparent
synergetic  effect  (regimen  B),  which  not  only
enhanced  the  anticancer  and  embolic  effects  but  also
lessened  the  side  effects,  and  could  completely  cure
the  small  liver  cancer,  eliminated  the   need   of
operation  (Figure  8),  diminished  the  number  of
medication  with  mild  liver  injury  and  low  relapse
rate.  After  underg  oing  regimen  B  treatment,  some
cases  of  unresectable  tumor  acquired  the  possibility
of  being  resected  (Figures  9,  10).  The  dosage  of
32P-GMS  shou  ld  be  decided  by  the  specialists
majoring  in  nuclear  medicine  and  interventional
therapy.  The  optimal  schedule  was  to  give  two
courses  of  medicine  at  an  interval  of  2  months,  and
as  the  tumor  size  decreased,  the  residual  lesion
should  be  resected  as  soon  as  possible  in  order  to
improve  the  survivability.  There  were  few  viable
cancer   cells   in   the   4   resected   specimens   on
pathological  examination  after  the  regimen  B
treatment.  Hepatic  carcinoma  readily  invaded  the
portal  vein  with  cancer  cell  emboli.  It  is  apparent  in
such  case  that  intrahepatic  artery  medication  should
be  complemented  with  other  measures  as  minimal
invasive  embolectomy  which  will  be  an  intelligent
choice.  For  the  metastatic  abdominal  lymph  nodes
intratumoral  injection  of  32P-colloids  under  the
guidance  of  CT  is  also  a  hel  pful  measure.  It  is
emphasized  that  we  should  choose  reasonable
regimen,    strict    manipulation,    superselective
catheterization,  well  controlled  speed  in  medication
to  avoid  regurgitation  of  nuclide  to  the  non-target
blood   vessel,   and   lessen   the   complication,
particularly    depending    on    the    individualized
situation.  The  he  patic  arterio-venous  fistula  should
be  considered  as  the  contraindication  for  medication
via  catheterization.
        In  conclusion,  32P-GMS  which  possesses  the
anticancer  effect  through  interventional  medication
may  block  the  blood  supply  to  tumor  and  evenly
distrib  ute  the  highly  concentrated  anticancer
medicines  in  the  tumor  to  exert  the  radioactive
cytocidal  effect  with  the  advantage  of  low  local
radiation  reaction  and  no  apparent  systemic  toxic
effect.32P-GMS  is  an  effecti  ve  measure  for  the
comprehensive  treatment  of  hepatic  cancer.  Owing
to  the  moder  ate  half-life  of  32P,  the  dosage  of  32P-
GMS  required  to  attain  the  same  absorbed
radioactivity  is  approximately  one-fourth  or  one  -
third  of  90Y-GMS  dosage[8].  Therefore  it  will  satisfy
the  clinical  requirement  in  reducing  the  risk  of
radiation  to  the  handlers,  simplify  ing  the  medical
care  and  lowering  the  expenses.  Thus,  a  hopeful
prospective  ther  apeutic  weapon  will  be  developed
and  popularized  in  the  near  future.



Figure8 Male, aged 60, hospital no.202929, clinical diagnosis: right lobe medium sized hepatic carcinoma (4cm×5cm), treated by
regimen A and B with an interval of 2 months. AFP from 103µg/L restored to normal range, tumor size decreased >50%, CT: 1, on pre-
treatment showing a low density region in right lobe (arrow), 2, on post-treatment iodized oil distributed in fragments or encapsulated
forms (arrow). Body weight gained more than 5kg and no subjective symptoms on 36 months follow-up.

Figure9 Male, aged 55, hospital no.202295, cl inical diagnosis: left lobe medium sized hepatic carcinoma (5cm×6cm) near t he hepatic
hilus, treated by TAE and regimen B, with interval of 2 months, and left hepatic lobectomy was performed 6 months later. The tumor
(4cm×4cm) was with hard consistency, and encapsulated fibrotic degeneration . Most of the cancer cells showed necrosis under light
microscopy. Some cancer c ells in the cholecystic wall were alive (may be due to the blood supply from cho lecystic artery). The electron
microscopy showed: 1, cancer cells degenerated and necrosed; in cytoplasm some vacuolized mitochondria (M), irregular sized vacuol es
(V) and lysosome (Ly) and lipid droplet (L) were seen. The rest struct ures were not clear (×30000). 2, Prominent fibro-connective tissue
hyperplasi a (F) in the tumor tissue (×10000) was found. Patient gained body weight and no subjective upset on follow up until 12mos
after operation.

Figure10 Male, aged 41, hospital no.207089, clinical diagnosis: uremia, right hepatic small carcinoma (4cm×3cm), with A FP>400µg/L
treated by regimen A for 2 courses with interval of 3 month s, resulted in AFP restored to normal level and decreased tumor size over 50%.
1, Colloidal SPECT imaging showed the space occupying lesion in the right liver l obe (as shown by arrow). 2, Comparing the tumor size
before and after treatment of plain film (as arrow shown), the patient died from renal failure 26 months after operation.
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Abstract

AIM  To improve the technique of intraportal
embolization (PVE) therapy, a new embolic
method,  was  devised  and  the  safety,
effectiveness and feasibility were evaluated.
METHODS  PVE  with  intraportal  ethanol
injection via a fine needl e was performed in 28
normal dogs, 22 SD rats, and 24 cirrhotic SD
rats. After P VE, portography, histological and
functional  alteration  of  the  liver were evaluated
in dogs and rats, and the changes in portal
hemodynamics as well as hepatic anatomy were
observed in rats. In the clinical study, PVE by
ethanol injection was performed in 61 patients
with hepatocellular carcinoma under the
guidance of portoechography with intraportal
injection  of  CO2.  The  effect  of  PVE  was
evaluated by ultrasonography and laparotomy.
RESULTS The effectiveness and toxicity were
dependent on the do se of ethanol. In the dogs,
0.25mg/kg of ethanol caused incomplete
embolization with least liver damage, while
1.0mg/kg induced complete embolization with a
high mortality of 57.1% (4/7) due to respiratory
arrest. T he dose of 0.5mg/kg resulted in
complete embolization with slight toxicity to the
liver. In the rats, the survival rate was 100% in
normal group but 40 .9% in cirrhotic models after
ethanol injection by dose of 0.05mg/100g. PVE
for cirrhotic rats with 0.03mg/100g of ethanol
induced  satisfactory  embolization  with

significant hypertrophy in nonembolized lobes,
and  only  slight  damage  to  the  hepatic
parenchyma, and transient alteration in liver
function, portal pressure and portal flow. In the
clinical study, 12 cases with reverse portal flow
were excluded judged by portoechography.
Satisfactory embolization was gained in 90.2%
(55/61) of the remaining patients determined by
ultrasonography and surgery. All cases ran an
uneventful postembolization course with no
aberrant embolization.
CONCLUSION PVE with intraportal ethanol
injection of appropriate dosage via a fine needle
is safe and effective and has several advantages
comparing  with  transcatheter  method.
Portoechography is a mandatory approach for
the prevention of aberrant embolization.

INTRODUCTION
Hepatocellular  carcinoma  (HCC)  is  one  of  the  most
common  malignancies  in  China.  The  resection  rate
is  less  than  30%  since  most  patients  are  associated
with    cirrhosis    and    poor    liver    function.
Furthermore,  there  are  tumor  emboli  in  the  portal
vein  which  limits  surgical  resection.  Portal  vein
embolization  (PVE)  has  been  performed  to  increase
the  safety  and  resectability  of  hepatectomy  by
improving  the  functional  reserve  of  the  liver[1-3],
and  prevent  cancerous  dissemination  via  portal
vein[4]and  enhance  the  therapeutic  efficacy  of
transcatheter          arterial        chemoembolization
(TACE)[5].  However,  conventional  PVE  requires
catheterization   under   both   sonographic   and
fluoroscopic  guidance,  and  selective  embolization  is
not  easy.  To  improve  the  technique,  we  developed
a  met  hod  of  intraportal  ethanol  injection  via  a  fine
needle  under  the  guidance  of  portoechography.  This
study   is   mainly   to   investigate   the   safety,
effectiveness  and  feasibility  of  this  technique  and  a
series  of  experimental  and  clinical  studies  were
carried  out.

MATERIALS  AND  METHODS
PVE  in  dogs  with  normal  liver
Twenty-eight  mongrel  dogs  of  both  sexes  weighing
7.5kg-15.0kg  we  re  provided  from  the  Laboratory
Animal    Center    of    our    university.    Under
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intraper  itoneal  anesthesia  with  sodium  pentobarbital
30 mg/kg,  laparotomy  was  per  formed  and  the  left
portal  branches  were  exposed.  Puncture  of  the
origin  of  the  portal  branches  supplying  the  left
central  and  lateral  lobes  was  done  with  a  22-gauge
needle.  Then  95%  ethanol  was  injected  at  a  dose
of  0.25 mL/kg  (group  A,  n = 7),  0.5 mL/kg  (group
B,  n = 11)  and  1.0 mL/kg  (group  C,  n = 7)  at  a  rate
of  3 mL/min.
        One  or  two  dogs  in  each  group  underwent
relaparotomy  30  or  60 min  after  injection  and  a  6  Fr
catheter  was  placed  in  the  portal  trunk.  The  liver
together  with  the  portal  trunk  was  taken  out.
Portography   with   the   mixture   of   Urografin
(Schering  AG,  Germany)  and  Lipiodol  (Guerbet,
France)  via  the  catheter  was  performed.  Then  the
intrahepatic  portal  system  was  dissected  to  confirm
the  site  of  the  thrombus. The  same  procedures  were
carried  out  at  day  1  and  3,  as  well  as  of  week  1,  2
or  4  in  groups  A  and  B  and  week  2  or  4  in  group  C
after  ethanol  embolization.  Tissue  samples  from
embolic  and  nonembolic  liver  lobes  were  examined
histologically  at  the  same  time.

PVE  in  rats  with  normal  and  cirrhotic  liver
Sprague-Dawley  (SD)  rats  with  a  body  weight
between  200 g-250 g  were  used  in  this  experiment.
Initially,  twenty  normal  rats  had  liver  resected
under  a  nesthesia,  and  the  right,  middle,  left  lobes
and  the  whole  liver  of  each  rat  were  weighed.  The
mean  weight  ratios  of  right,  middle  and  left  lobes  to
the  whole  liver  were  40.5%,  36.5%  and  23.0%,
respectively.
         The  cirrhotic  model  of  rat  was  reproduced  by
subcutaneouly  injection  of  60%  CCl4  with  a  dose  of
0.3 mL/100 g  once  every  4  days.  Throughout  the
period,  the  rats  were  fed  with  ordinary  food  and
5%    ethanol    drinking    water.    Histological
examination  confirmed  the  development  of  cirrhosis
at  60  days  after  initial  ad  ministration  of  CCl4.
         In  order  to  test  ethanol  tolerance  of  the  normal
and  cirrhotic  rats,  laparotomy  was  performed  in
both  normal  ( n = 10 )  and  cirrhotic  rats  ( n = 22 )
under  intraperitoneal  anesthesia  with  pentobarbital.
After  exposure  of  the  hepatic  hilum,  portal  vein  was
punctured with a 3-gauge  needle  and  inject  a  dose  of
0.05 mL/100 g  of  absolute  ethanol.  All  rats  in  the
normal  group  were  alive  but  only  9  of  22  (40.9%)
in  the  cirrhotic  group  survived  4  days  after  the
injection.
          Based  on  the  technique  and  the  results  described
above,  embolization  of  the  portal  branches  of  left
and  central  lobes  (the  embolized  tissue  accounted
for  77%  of  the  whole  liver)  was  employed  for  22
normal    rats    (  NE    group  )    with    a    dose    of
0.05 mL/100 g   of   absolute   ethanol.   The   portal
branch  of  middle  lobe  (accounted  for  36.5%  of  the

liver)  was  embolized  in  24  cirrhotic  rats  (ME  group)
with  a  dose  of  0.03 mL/100 g.  The  same  amount  of
normal  saline  was  injected  into  portal  vein  in  10
normal  rats  (NC  group)  and  10  cirrhotic  rats  (MC
group).
          At  day  1,  3,  7  and  14  after  PVE,  the  following
examinations  were  carried  out:  X-ray  portography,
the  weight  ratio  of  hepatic  lobes,  liver  function  tests
(ALT,  TBIL,  ALP,  ALB,  A/G),  liver  histology,
portal  blood  flow  and  portal  pressure  measured  by
MRF-1200   electromagnetic   flowmetry   ( Nikon,
Japan).

PVE  in  patients  with  HCC  under  the  guidance
of  portoechography
PVE  was  undertaken  under  local  anesthesia.  A
portal  branch  supplied  the  tumor  bearing  segment
was  punctured  percutaneously  under  the  guidance
of  Aloka  SSD  650  or  1200  ultrasound  system  and
3.5 MHz  linear  puncture  probe.  In  order  to  identify
the  precision  of  the  puncture  and  whether  or  not  a
retrograde     blood     flow     was     present,
portoechography  was  initially  introduced  with
injection  of  5 mL  carb  on  dioxide  (CO2).  If  the
diffusion  of  CO2  was  beyond  the  ipsilateral  lobe  of
the  liver,  PVE  was  abandoned  in  case  of  aberrant
embolization;  otherwise  PVE  was  performed  with
intraportal  injection  of  95%  ethanol.  The  dose  of
ethanol  ranged  from  4mL  to  10mL  depending  on  the
level  the  portal  branch  to  be  blocked.
      From  February  1993  to  February  1993,
portoechography  was  performed  in  73  patients  with
HCC.  But  was  quit  in  12 cases  due  to  CO2  diffusing
into  both  lobes  of  the  liver.  Sixty-one  patients  (55
males  and  6  females)  with  an  average  age  of 52.5
years   received   PVE.   Forty-nine   patients   had
cirrhosis  without  jaundice,  ascites  or  serious  liver
function  had  damage[6].  The  tumors  ranged  from
3 cm  to  12 cm  in  diameter,  located  at  right  lobe  in
58  and  left  lobe  in  15.  All  61  patients  underwent
surgery  3-5  days  after  PVE  including  hepatectomy
in  37  patients.

RESULTS
Canine  experiment
One  dog  in  group  B  died  of  wound  infection  on  day
5.  Four  of  7  dogs  in  group  C  died  of  respiratory
arrest  on  the  day  of  the  injection.
         Intrahepatic  portography  and  dissection  of  the
portal  system  showed  the  injected  portal  branches
were  patent  at  30min  and  60min  after  embolization.
Thrombosis  w  as  developed  on  day  1.  In  group  A,
portal  vein  embolization  occurred  at  one  segment  of
the  liver  in  six  dogs  and  failure  of  embolization  in
one  dog.  In  groups  B  and  C,  embolization  occurred
at  both  left  and  central  lobes  in  most  dogs.  In  one
dog  of  group  B,  the  orifice  of  the  branch  of  the
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quadrate  lobes  was  approximate  to  the  branch  of
left  lobe,  and  overembolization  involving  the  quadrate
lobes  occurred.  No  thrombus  was  detected  at  the
non-injected  branches  in  any  other  dogs.
       Macroscopically,  the  embolized  lobes  were
swollen  and  congested  but  without  any  evidence  of
necrosis.  Darked  red  thrombus  had  developed  within
the  ethanol-injected  portal  branches  on  day  1  or  3,
which  were  organized  one  week  after  PVE.
Microscopically,  focal  inflammation  of  the  intima
was  found  in  the  affected  portal  branches.  Small
foci  of  coagulation  necrosis  prominently  surrounding
Glisson  cap  sule  were  detected  at  the  embolized
lobes  and  the  normal  structure  of  the  lobule  s  was
preserved.  The  necrotic  area  was  less  than  10%  of
the  effected  lobes.  Tran  sient  elevation  of  white
blood  cell  and  alanine  aminotransferase  (ALT)
occurred  at  day  1  but  returned  to  the  baseline
values  within  one  week.  The  level  of  total  bilirubin,
albumin  and  γ-globulin  did  not  significantly  change
after  PVE.

Rat  experiment
The  survival  rate  after  PVE  was  95.8%  in  both  NE
and   ME   group.   Postoperative   portography
demonstrated  filling  defects  at  injection  sites  and
dissection  of  the  portal  system  indicated  the
corresponding  portal  branches  were  embolized.  The
weight  of  the  embolized  hepatic  lobes  decreased
gradually  as  the  weight  of  non-embolized  lobes
increased  with  the  time  after  PVE  (Figure  1).  On
day  14,  the  weigh  t  of  nonembolized  lobes  was
significantly  greater  than  the  baseline  value  in
both  NE  group  (5.25 g±0.38 g  vs  1.86 g±0.42 g,  P
<0.01)  and  ME  group  (9.58 g±1.10 g  vs  5.13 g±
0.53  g,  P<0.01)  and  ratio  of  the  nonembolized
lobes  to  the  whole  liver  significantly  increased  from
23%  to  68.8%  in  NE  group  and  from  63.5%  to
86.8%  in  ME  group.
         Histological  findings  on  day  1  or  2  were  similar
to  that  in  the  experiment  of  normal  dogs.  With
respect  to  the  ratio  of  total  necrosis  area  to  embolized
area,  ME  group  (30%-40%)  was  more  severe  than
NE  group  (10%-20%).  One  week  after  PVE,
organization  or  calcification  of  thrombi  with  partial
recanalization  as  well  as  hyperplasia  of  fibrotic
tissue  in  the  embolized  lobes  was  noted.  Hepatocytes
of  the  non-embolized  lobes  became  hypertrophied
and  proliferative,  which  were  more  remarkable  in
ME  group  than  in  NE  group.
         The  hemodynamic  study  demonstrated  that  ME
group  had  significantly  higher  portal  blood  flow  and
portal  pressure  than  NE  group  before  PVE.  On  day
1  after  PVE,  portal  blood  flow  and  portal  pressure
declined  slightly  in  both  groups,  then  increased  to  a
limited  degree  and  returned  to  the  baseline  values  at
week  1  after  PVE  (Figures  2  and  3).

Figure1 Changes in weight of hepatic lobes after PVE with fine
needle technique.

Figure2 Changes in portal vein pressure after PVE.

Figure3 Changes in portal blood flow after PVE.

         The  serum  ALT,  TBIL  and  ALP  were  elevated.
After  PVE,  they  began  to  fall  on  day  3  and  returned
to  the  pre-PVE  level.  The  albumin  and  A/G  ratio
did  not  significantly  change  in  both  groups  after
PVE.

Clinical  study
The  punctures  were  confirmed  to  be  proper  by
portoechography  in  all  cases.  By  CO2  injection,  a
regional  liver  parenchyma  was  enhanced  as  high-
echo  pattern  and  developed  a  hyperechoic  ring
surrounding    the    tumors    as    our    previous
observation[7].   The   echo   within   the    tumors
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remained  unchanged  in  64  patients,  but  enhanced  in
9  patients  which  represented  portal  blood  stream
within  the  tumors.
         Enhancement  of  the  hepatic  parenchyma  was
localized   to   the   area   supplied   by   the   injected
branches  or  confined  in  the  same  lobe  in  61  patients
and  subsequent  PVE  was  performed.  PVE  was
abandoned  in  12  cases  due to CO2 diffusing  into  both
lobes  of  the  liver.
        Ultrasonography      did      not      reveal      any
abnormality  in  the  injected  portal  branches  on  the
day  of  PVE.  Forty-eight  hours  after  PVE,
embolization  was  found  in  55/61  patients  (90.2%),
exhibiting  substantial  hypoechoes  within  the  lumen
of  portal  vein.  Of  37  patients  who  underwent
hepatectomy  afterwards  the  specimen  inspection
confirmed  the  injected  portal  veins  were  occluded
by  thrombosis.  Embolization  failed  to  develop  in  six
patients,  who  were  the  initial  cases  of  PVE,  due  to
inadequate   amount   of   ethanol   ( 4 mL - 5 mL )
injected.
       Forty-five  patients  (73.8%)  complained  of
abdominal   pain   at   the   right   upper   quadrant,
sweating,  transient  low-grade  fever  or  decreased
pulse  rate  during  ethanol  injection.  Acute  ischemic
cholecystitis  was  encountered  in  one  patient,  for
which  the  needle  may  be  displaced  accidentally
during  the  injection,  resulting  in  vascular  occlusion
of  the  gallbladder.  Accidental  embolization  by  reflux
ethanol  was  not  found  in  all  patients  and  the  liver
function  tests  did  not  show  significant  change
following  PVE.

DISCUSSION
Comparing  with  transcatheter  PVE,  the  advantages
of  PVE  with  fine  needle  are  obvious:  easy  to
achieve    selective    embolization,    simple    in
manipulation,   inexpensive   and   radiation   free.
However,   at   least   two   questions   have   to   be
answered  which  are  prerequisite  for  conducting  this
procedure.  The  first  question  is  about  the  safety  of
this  procedure  and  the  second  is  how  to  avoid  a
possible  reflux  of  the  ethanol  to  other  portal
branches.   Furthermore,   the   feasibility   of   this
technique  should  be  convinced  clinically.
         Absolute  ethanol  is  an  effective  embolizer  in
PVE.  However,  its  toxic  effect  should  not  be
neglected.   In   the   present   study,   the   dose   of
0.25 mg/kg  had  little  toxic  effect  but  failed  to
induce  complete  embolization.  While  the  dose  of
1.0 mg/kg   caused   complete   embolization   but
resulted  in  severe  liver  dysfunction  and  even
respiratory  arrest.  Satisfactory  embolization  could
be  obtained  at  a  dose  of  0.5 mg/kg  in  normal  dogs
with  mild  toxicity  to  the  liver  parenchyma  and  only
transient   changes   in   the   liver   function.   In
transcatheter  PVE  with  ethanol  injection  while  the

portal  was  occluded  to  blood  flow,  a  rapid  vascular
obliteration  and  immediate  embolization  with  entire
necrosis  at  the  affected  region  occurred[8].  On  the
contrary,  since  the  portal  vein  was  not  occluded
during  ethanol  injection  in  our  technique,  most  of
the  ethanol  might  be  diluted  by  the  slow  blood
stream  rather  than  flushed  up  to  the  liver
parenchyma.  The  thrombosis  was  resulted  from
agglutinations,  coagulation  of  plasma  proteins  and
local  pylephlebitis,  and  the  thrombosis  development
was  relatively  slow.  Thus,  the  damage  to  the  liver
tissue  was  relatively  mild.  Such  a  mechanism  may
be  more  favorable  for  the  patients  with  HCC  and
underlying  cirrhosis.  The  local  overembolization  in
one  dog  in  our  study  was  probably  due  to  an
extension  of  the  thrombus  after  the  injection.  This
complication  could  be  prevented  by  carefully
selecting  a  point  for  puncture  that  is  not  too  close  to
the  confluence  of  the  portal  branches.
       Since  80%  of  the  patients  with  HCC  are
associated   with   cirrhosis,   it   is   necessary   to
investigate  the  effect  of  PVE  on  cirrhotic  liver  for
a  better  orientation  on  its  clinical  application.  The
present  study  indicated  the  cirrhotic  rats  were  less
tolerant  to  ethanol  than  the  normal  rats,  so  the  dose
of  ethanol  used  for  PVE  should  be  strictly
controlled.  On  the  other  hand,  once  PVE  was
undertaken  with  a  tolerant  dose,  the  changes  in
histology,  liver  function  and  portal  hemodynamics
in  cirrhotic  rats  were  not  more  severe  and  persistent
than  those  of  normal  rats.  It  indicated  that  an
uneventful  postoperative  course  could  also  be
achieved  in  cirrhotic  rats  with  an  appropriate  dose
of  ethanol.
         In  both  normal  and  cirrhotic  liver,  the  weight
of  nonembolic  lobe  was  increased  with  hypertrophy
and  proliferation  in  the  nonembolized  lobe  in  the
current  study.  Increase  in  mitotic  index,  DNA
synthesis  and  the  number  and  function  of
mitochondrial  in  these  lobes  has  been  reported[9,10].
The  hypertrophy  may  be  contributed  to  the  increase
of  nourishing  factors  carried  by  portal  blood  flow  to
the  nonembolized  lobes.  This  mechanism  may  play
an  important  role  in  the  surgery  for  cirrhotic
patients  as  the  improvement  of  functional  reserve  on
the  nonembolized  lobe,  hence  the  resectibility  of
HCC  increased  and  the  risk  of  postoperative  liver
failure  reduced.
         The  features  of  portal  circulation  in  the  liver
with  HCC  and  cirrhosis  were  considered  when  our
approach  was  planned  for  clinical  use.  Portal  flow
reflux  may  occur  due  to  the  circulatory  disturbances
within  the  tumor,  portal  branch  compressed  by  huge
mass,  serious  cirrhosis,  portal  hypertension  and
arteriovenous  shunts.  According  to  our  previous
portoechography  and  color  Doppler  study  on
patients  with  HCC,  the  incidence  of  portal  vein
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reflux  was  about  10%-30%[11].  Since  the  injected
portal  branches  were  not  be  occluded  during  ethanol
injection,  accidental  embolization  could  occur  as  the
embolic  agent  might  be  carried  to  other  branches  by
the  reverse  flow.  In  order  to  avoid  the  accidental
embolization,   it   is   important   to   obtain   the
information  of  portal  hemodynamics  individually
prior  to  the  procedure.  Matsuda  and  Yabuuchi  first
reported    a    method    of    contrast-enhanced
ultrasonography  with  arterial  infusion  of  CO2

microbubbles  for  assessment  of  the  nature  of  liver
tumor[12].  Because  the  ultrasonic  impedance  of  CO2

gas  is  much  different  from  that  of  the  liver  and  the
gas  can  be  rapidly  washed  out  off  the  liver.  It
possesses  excellent  contrast  effect  without  hepatic
injury.  This  technique  has  been  demonstrated  as
high  sensitivity  and  specificity  in  clinical  use[13,14].
Furthermore,  the  CO2  was  directly  injected  into  the
destined   portal   branches,   such   portoechography
could  truly  reveal  the  hemodynamics  status  of  the
portal  branch[7].  In  addition,  it  can  be  conveniently
applied  during  the  procedure  of  PVE.  In  the  present
study,  reflux  of  portal  stream  was  detected  by
portoechography  in  12/73  patients  and  subsequent
embolization  was  ceased  for  those  patients.  No
accidental  aberrant  embolization  occurred  in  the
patients  with  CO2  confined  at  ipsilateral  half  of  the
liver,     substantiating     the     usefulness    of
portoechography  in  our  procedure.
          The  present  study  demonstrated  that  intraportal
ethanol  injection  via  fine  needle  was  able  to  produce
complete  portal  vein  embolization  with  mild  liver
injury  in  both  normal  and  cirrhotic  liver  in  animal
and  patients  with  HCC.  Portoechography  was  a
mandatory  approach  for  the  prevention  of  aberrant
embolization  in  patients  with  HCC.
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Abstract

AIM To study the anticarcinogenic effect and
acute toxicity of liver targeting mitoxantrone-
nanospheres.
METHODS  The anticarcinogenic effect of
mitoxantrone-polybutyl    cyanoacrylate-
nanoparticles  ( DHAQ-PBCA-NP )  was
investigated by using heterotopic and orthotopic
transplantation models of human hepatocellular
carcinoma  ( HCC )  in  nude  mice  and  was
compared with mitoxantrone (DHAQ) and
doxorubicin (ADR). The acute toxicity of DHAQ-
PBCA-NP lyophilized injection in mice was also
studied.
RESULTS The tumor inhibition rates of ADR,
DHAQ,  DHAQ-PBCA-NP  to  orthotopically
transplanted HCC were 60.07%, 67.49% and
99.44%,  respectively,  but  regard  to
heterotopically transplanted HCC, these were
80.03%, 86.18 % and 92.90%, which were
concordant with the results acquired by mitosis
counting and proliferating cell nuclear antigen
(PCNA). After iv administration to mice with
DHAQ-PBCA-NP, the LD50 was 16.9mg/kg±
3.9mg/kg, no obvious local irritation was
observed and there was no significant damage to
the structure of liver cells, and that of the heart,
spleen and kidneys.
CONCLUSION  The effect of DHAQ-PBCA-NP
was significantly higher than that of DHAQ and
ADR in the anti-orthotopically transplanted HCC
and the acute toxicity was relatively low.

INTRODUCTION
DHAQ  is  a  new  synthetic  antitumor  agent,  effective
in  many  cancers,  especially  in  hepatic  cancer,  a
principal  cancer  of  high  incidence  and  mortality[1].
Nanoparticles  (NP)  is  a  new  drug  carrier[3]  showing
a  distinguished  liver  targeting  ability,  therefore,  NP
loading  with  antihepatic  cancer  drug  could  improve
the  effect  of  original  drug.  The  DHAQ-PBCA-NP
used  in  this  study  has  be  en  proved  to  have
remarkable  liver-targeting  effect.  In  this  paper,  the
anticar  cinogenic  effect,  acute  toxicity  and  local
irritation  of  DHAQ-PBCA-NP  were  studied  and
compared  with  those  of  ADR  and  DHAQ  injection.

MATERIALS  AND  METHODS
Materials
DHAQ  was  obtained  from  Organic  Chemistry
Department,  School  of  Pharmacy,  West  China
University  of  Medical  Sciences.  DHAQ-PBCA-NP
was    self-made    with    a    content    of    DHAQ
0.15 mg/mL   diameter   55.82 nm ± 12.46 nm  ( n =
505 )  and  drug  loading  51.03%.  The  lyophilized
ADR   injection   was   provided   by   TuoBin
Pharmaceutical   Factory   and   DHAQ   injection
provided  by  Hua  Da  Pharmaceutical  Factory  with  a
content  of  DHAQ  2 mg/2 mL.
        BALB/C-nu/nunude  mice,  Kunming  mice  and
the  heterotopic  and  orthotopic  transplantation
models  of  HCC  in  nude  mice  were  all  supplied  by
our  Laboratory  Animal  Center.  Animal  tumor  cells
LTNM4  (86  generation)  was  obtained  from  Liver
Cancer  Laboratory,  Zhongshan  Hospital,  Shanghai
Medical  University.

Methods
Tumor inhibition test of DHAQ-PBCA-NP  Twenty
nude  mice  were  randomly  divided  into  physiological
saline  group  ( 0.1 mL/10 g ),  ADR  group  ( 20 µg/
10 g),  DHAQ  group  ( 20 µg/10 g )  and  DHAQ-
PBCA-NP  ( 15 µg/10 g )  group.  The  drug  was  given
intravenously  to  each  mouse  36 h  after  the
transplantation  of  HCC,  then  given  continuously
once  every  three  days  for  four  times.  On  the  14th
day  after  the  last  injection,  the  diameter  of  the
armpit  tumors  of  nude  mice  in  the  physiological
saline  group  was  found  over  10 mm,  and  one  mouse
died.  The  mice  were  killed,  and  the  livers  as  well  as
the  tumors  were  taken  out,  weighed  and  the  rate  of
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tumor  inhibition  ( TRI )  was  calculated  by  the
following  formula:
                The average tumor weight of control group-average tumor weight of experimental group

                            The average tumor weight of control group

Microscopic observations and nuclear division count
of tumor  The  hepatic  cancer  of  nude  mice  taken  from
control  group  and  experimental  group  was  sectioned
into  ultra-slices  and  observed  under  microscope.

Calculation of positive rate of the tumor PCNA  The
tumor   of   each   groups   was   sampled,   fixed   in
formalin  and  embedded  in  paraffin  wax,  then  anti-
proliferating   cell   nuclear   antigen   ( PCNA )
monoclonal  antibody  PC10  was  used  to  show  the
proliferating  cells  by  highly  sensitive  method  of
ABPAP,  the  number  of  tumor  cells  were  counted
and  positive  rate  was  calculated[4].

Acute  toxicity  One  hundred  and  eight  Kunming
mice  were  randomly  divided  into  DHAQ-PBCA-NP
group,  PBCA-NP  group  and  DHAQ  group.  Each
group  was  given  6  different  dosages  with  the
maximum  dose   75.0 mg/kg,  1150 mg/kg   and  25.2
mg/kg,   respectively.   The   mice   were   observed  for
21 d  and  the  death  rate  of  each  group  was  recorded.

Pathologic  examination  Nine  of  10  Kunming  mice
were  given  DHAQ  -PBCA-NP  intravenously  in  the
dosage  of  15 mg/kg  and  were  killed  after  5 min,
10 min,  15 min,  20 min,  30 min,  1 h,  24 h,  38 h  and
72 h,  respectively,  another  one  was  injected  normal
saline  at  the  dosage  of  0.1 mL/10 g.  Tissue  samples
of  the  heart,  liver,  spleen,  lung  and  kidney  were
fixed  in  formalin  and  embedded  with  paraffin
wax  for  routine  section,  HE  stain  and  observed
under  microscope.  The  liver  tissue  was  fixed  by
glutaraldehyde,  dehydrated  with  acetone  gradually,
embedded  with  618  to  make  ultrathin  section,
then  stained  by  uranium  acetate  and  lead  citrate
and  examined  under  transmission  electron
microscope.

Local  irritation  testing  Ten  Kunming  mice  were
given  DHAQ-PBCA  -NP  intravenously  at  a  dosage
of  0.1 mL/kg  and  the  changes  at  the  tail  were
observed  for  1-7  days.

RESULTS
Tumor  inhibition  rate
The  tumors  obtained  from  the  liver  and  armpit  in
each  group  were  photographed  (Figures  1-3).  The
tumor  and  tumor  inhibition  rate  are  listed  in  Tables
1  and  2,  respectively.  No  significant  difference  was
noted  among  the  anti-HCC  effect  of  DHAQ-PBCA-
NP,   DHAQ   and   ADR,   but   in   the   anti-
orthotopically  transplanted  HCC,  the  effect  by
DHAQ-PBCA-NP  was  much  higher  than  that  by
DHAQ  or  ADR.

Figure 1 The liver in nude mice taken from armpit.
Figure 2 Tumor taken from liver.
Figure 3 Tumor taken from armpit.

Microscope  observations  of  the  tumor
The  tumor  cell  proliferation  in  control  group  was
very  active.  The  tumor  cell  karyokinesis  in  DHAQ-
PBCA-NP,  DHAQ  and  ADR  groups  was  less  than
that  of  control  group  (508/HP),  especially  in  the
DHAQ-PBCA-NP  group,  only  0-3/PH,  and  most
were  in  the  metaphase.

Tumor cell proliferative activity analysis  The  PCNA
positive  percentage  of  nude  mice  tumor  in  each

RTI%=                                                                                                                                     ×100%
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group  was  shown  in  Table  3,  the  killing  activity  of
DHAQ-PBCA-NP  was  significantly  stronger  than
that  of  DHAQ  and  ADR  (P<0.05)  on  nude  mice
transplanted  with  HCC,  and  the  activity  of  DHAQ
was  almost  equal  to  the  of  ADR  (P>0.05).

Table 1 Weight (g) of tumor taken from four different groups

Group            Liver tumor          Armpit tumor

DHAQ-PBCA-NP
1    0.000 0.215
2    0.000 0.060
3    0.000 0.005
4    0.000 0.015
5    0.030 0.015
ADR
1    0.820 0.100
2    0.000 0.050
3    0.675 0.137
4    0.210 0.410
DHAQ
1    0.585 0.270
2    0.650 0.120
3    0.000 0.065
4    0.000 0.082
5    0.500 0.066
0.9% NS
1    1.320 1.160
2    1.530 1.026
3    1.000 0.635
4    0.420 0.670

Table 2  Rate of tumor inhibition (RTI, %) of each group of
nude mice

Drug RTI (orthotopic) RTI (heterotopic)

DHAQ       67.49a            86.18d

ADR       60.07b            80.03e

DHAQ-PBCA-0.9%NS       99.44c            92.90f

c vs b, a P<0.05; f vs d, e P>0.05; b vs a P>0.05.

Table 3 The cell proliferative activity of tumor of each nude
mice

   DHAQ-PBCA-NP DHAQ                    ADR        0.9%NS

   1     2      3      4      5      1      2      3      4      5     1      2     3     4      1    2    3    4

PCNA(%)  7     2 1      3      2      7      9     7       6    9     7 9   10   82  10  95  10  90
         0     0 0      0      5      0      0     0       0    0     0 0     0             0            0

x±s (%)     31.0±23.0a            76±13.4b         85.5±12.7c    96.3±4.8

a vs b, c P<0.05; b vs c P<0.05.

LD50  and  toxicity  parameters  The  LD50  was
calculat  ed  by  Karber  method  based  on  the  mice
death  rate  of  each  dosage  gorup  (Table  4).
         The  absolute  lethal  dose  of  DHAQ-PBCA-NP
and    DHAQ    in    mice    was    75.0  mg/kg   and
25.2 mg/kg,   respectively   whereas   the    minimal
lethal  dose  was  6.  5  and  4.8 mg/kg,   respectively,
the  maximum  tolerance  dose  was  4.5  mg/kg  and
3.0 mg/kg,  the  earliest  time  of  death  was  7 d  and
4  d,  the  latest  time  of  death  was  21 d  and  16 d  and
the  average  time  of  death  was  9.7 d ± 8.8 d  and
7.5 d±4.2 d,  respectively.

Table 4  The LD50 of DHAQ-PBCA-NP, DHAQ and PBCA-NP
i.v. in mice

LD50(mg/kg, P=0.95)*
Group         n

      7d        14d        21d

DHAQ      60   12.8±1.9     8.2±1.7     6.1±1.0
DHAQ-NP      60 309.9±26.2 301.0±28.3 299.0±24.2
DHAQ-PBCA-NP  60   16.9±3.9   12.3±2.7   10.1±1.9

*Dosage calculated as DHAQ.

Results  of  pathologic  examination
There  were  no  apparent  pathological  changes  in  the
heart,  liver,  spleen,  lung  and  kidney.  Under  the
transmission  electron  microscope,  the  liver  cells
were  structurally  intact  and  arranged  normally,  only
part  of  the  mitochondria  criste  were  sparse  and
swollen  (Figure  4A),  but  the  cells  returned  to
normal  in  24 h  (Figure  4B).

Local  irritation
The  tail  veins  of  the  mice  were  stained  blue  1-7
days  after  i.v.  DH  AQ-PBCA-NP.  Except  one  which
appeared  red  and  swollen  sightly,  the  stained  blue
disappeared  completely  4  days  later,  which
demonstrated  no  irritation  by  DHAQ-PBCA-NP
injection.

Figure4    The mouse liver cell at 20 min (A) and 24 h (B)  after
i.v.15mg/kg DHAQ-PBCA-NP. TEM×800
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DISCUSSION
The  effect  of  DHAQ-PBCA-NP  on  the  anti-
heterotopically  transplanted  HCC  was  almost  the
same  as  that  of  DHAQ  and  ADR,  which  implied
that  it  was  more  eligible  to  use  the  model  of
orthotopic   transplantation   than   to   use   the
heterotopic  one.
         The  cell  proliferative  activity  could  be  used  for
assessing  the  efficacy  of  chemotherapy.  PCNA  was
an  antigen  existed  largely  at  the  junction  of  G1  phase
and   S   phase   in   the   process   of   tumor   cell
proliferation,  PC10  was  the  monoclonal  antibody  of
PCNA.  In  order  to  investigate  inhibiting  effect  of
various  drugs  on  tumor  cell  proliferation,  a  highly
sensitive  method  of  ABPAP  was  used  for  expression
of  PCNA  by  PC10  in  this  study,  and  the  results  were
satisfactory.  Furthermore,  the  DHAQ-PBCA-NP

injection  had  no  adverse  effect  on  the  structure  of
heart,  spleen,  lung  and  kidney  only  some  mild  and
reversible  changes  on  the  mitochondria  of  the
hepatocytes   implicating   preparation   of   DHAQ-
PBCA-NP  was  more  effective  and  much  less  toxic
than  DHAQ.
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Abstract

AIM To observe the effect of acupuncture and
moxibustion on the expression of IL-1β and IL-6
mRNA in ulcerative colitis rats.
METHODS   The SD rat ulcerative colitis model
was  created  by  immunological  method
associated with local stimulation. Colonic
mucosa was prepared from human fresh surgical
colonic specimens, homogenized by adding
appropriate amount of normal saline and
centrifuged at 3000r/min. The supernatant was
collected  for  measurement  of  protein
conentration  and  then  mixed   with  Freund
adjuvant. This antigen fluid was first injected
into the plantae of the model group rats, and
then into their plantae, dorsa, inguina and
abdominal cavities (no Freund adjuvant for the
last injection) again on the 10th, 17th, 24th and
31st day. When a certain titer of serum anti-
colonic anti body was reached, 2% formalin and
antigen fluid ( no Freund adjuvant ) were
administered  separately  by  enema.  The
ulcerative colitis rat model was thus set up. The
animals were randomly divided into four groups:
model control group ( MC, n = 8 ), electro-
acupuncture group (EA, n = 8), herbs-partition
moxibustion group (HPM 8), normal control
group ( NC, n = 8 ). HPM: Moxa cones made of
refined mugwort floss were placed on the

medicinal pad (medicinal pad dispensing: Radix
Aconiti praeparata, cortex Cinnamomi, etc) for
Qihai (RN 6) and Tianshu (S T 25, bilateral) and
ignited. Two moxa cones were used for each
acupoint once a day and 14 times in all. EA:
Tianshu (bilateral) and Qihai were stimulated by
the intermittent pulse with 2Hz frequency, 4mA
intensity for 20 minutes once a day and 14 times
in all. After treatment, rats of all four groups
were killed simultaneously. The spleen was
separated and the distal colon was dissected.
Total  tissue  RNA  was  isolated  by  the
guanidinium thiocyanate phenol-chloroform
extraction method. RT-PCR technique was used
to study the expression of IL-1β and IL-6 mRNA.
RESULTS  IL-1β and IL-6 mRNAs were not
detected in the spleen and colonic mucosa of the
NC rats, whereas they were significantly
expressed in that of the MC rats. IL-1β and IL-6
mRNAs we re markedly lower in the EA and HPM
rats than that in MC rats. There was no
significant difference between the levels of IL-1β
and IL-6 mRNAs in the EA and HPM rats. The
expressions of IL-1β and IL-6 mRNAs were nearly
the same in the spleen and colon of all groups.
CONCLUSION  Acupuncture and moxibustion
greatly inhibited the expression of IL-1β and IL-6
mRNA in the experimental ulcerative colitis rats.

INTRODUCTION
Ulcerative   colitis   ( UC )   is   a   nonspecific
inflammatory  bowel  disorder  of  unknown  etiology
but  associated  with  immunological  abnormalities[1].
The  cytokines,  involved  in  the  regulation  of  the
immune  response,  play  important  roles  in  the
pathogenesis  of  UC.  Especially  the  interleukin-1β
(IL-1β)  and  interleukin  -6  (IL-6),  inflammatory
mediators  released  by  lymphocytes,  monocytes  and
macro   phages,   are   intricately   linked   with   the
initiation   and   propagation   of   the   inflammatory
reaction  in  UC[2].  Both  clinical  and  experimental
researches   indicated   that   acupuncture   and
moxibustion  had  good  therapeutic  effects  on  UC.
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The  mechanism  of  such  effects  may  be  related  to
its  immunoregulation,  but  the  role  of  cytokines  in  it
has  not  been  reported.  In  this  study,  a  UC  rat
model  was  established  by  immunological  method  to
observe  the  effect  of  acupuncture  and  moxibustion
on  the  expression  of  IL-1β  and  IL-6  mRNA  in  spleen
and  colonic  mucosa  of  model  rats,  in  order  to  clarify
the  possible  mechanism  of  acupuncture  and
moxibustion  on  UC.

MATERIALS  AND  METHODS
Material
Male  SD  rats  weighing,  140g±20g,  were  provided
by  The  Experimental  Animal  Center  of  Shanghai
University  of  TCM.  The  rats  were  randomly  divided
into  the  model  group  (n=24)  and  normal  control
group  ( NC,  n = 8 ).  We  consulted  the  Methodology
of  Pharmacy  and  created  the  rat  model  by
immunological   method   associated   with   local
stimulation  (refer  to  the  Abstract).  These  models
were  randomly  subdivided  into  three  groups  after
being  created:  model  control  group  (MC,  n=8),
electro-acupuncture  group  (EA,  n=8)  and  herbs-
partition  moxibustion  group  ( HPM,  n = 8 ).  The
points  Qihai  (CV6)  and  bilateral  Tianshu  (ST25)
were  located  on  analogy  of  person’s  points.  HPM:
Moxa  cones  made  of  refined  mug  wort  floss  were
placed  on  the  medicinal  pad  (medicinal  pad
dispensing:  Radix  A  coniti  praeparata,  cortex
Cinnamomi,  etc )  for  Qihai  ( RN  6 )  and  Tianshu
(ST  25,  bilateral)  and  ignited.  Two  moxa  cones
were  used  for  each  acupoint  once  a  day  and  14  times
in  all.  EA:  Tianshu  (bilateral)  and  Qihai  were
stimulated  by  the  intermittent  pulse  with  2Hz
frequency,  4mA  intensity  for  20  minutes  once  a  day
and  14  times  in  all.  After  treatment,  all  rats  of  the
four  groups  were  killed  simula  taneously.  The  spleen
was  separated  and  the  distal  colon  6cm  long  was
dissected  and  reserved  in  liquid  nitrogen.

Method
According  to  the  reference[3],  total  tissue  RNA  was
isolated  by  the  guanidinium  thiocyanate  phenol
chloroform  extraction  method.  The  concentration
of  sample  RNA  was  measured  with  ultraviolet
spectrophotometer  OD260;  the  integrity  of  RNA
was  identified  by  agarose  (sepharose)  gel  (10g/L)
eletrophoresis.
         Two  µg  total  RNA  was  reverse  transcribed  to
cDNA,  20µL  reverse  transcription  reaction  system
(Promega ),   which   comprised   10×   reverse
transcription   buffer   solution   2  µL,  25 mmol/L
MgCl2  4µL,  4×dNTPs  (10mmol/L  for  each)  2µL,
RNAase  inhibitor  0.5 µL  ( 20U ),  AMV  reverse
transcriptase  0.65 µL ( 15U ),  oligomer  ( dT )15  and
primer  1 µL  ( 0.5 µg );  added  DEPC  up  to  20 µL,
well  mixed,  placed  in  42   water  for  40  minutes,

heated  in  95   water  for  5  minutes  to  deactivate
reverse  transcriptase,  and  then  preserved  at  -20 .
        According  to  the  reference[4],  the  primer  was
synthesized  in  the  oncogene  laboratory  of  the  Cell
Institute  of  the  Chinese  Academy  of  Sciences.  The
sequence   of   IL-1β   was   ATAGCAGCTTTCGA-
CAGTGAG  (sense  chain),  GTCAACT  ATGTCCC-
GACCATT  (antisence  chain)  748bp;  IL-6,  TTCC-
CTACTTCACAAGTC  (sense  chain),  CTAG-
GTTTGCCGAGTAGA  (antisense  chain)  567bp;
glyceraldehyde  dehydrogenase  (GAPDH)  triphos-
phate,     TGAAGGTCGGTGTCAACGGATTTGTC
(  sense    chain  ),    CAGTAGGCCATGAG-
GTCCACCAC  (antisense  chain)  983bp.  GAPDH  as
house  keeping  gene  monitor  s  the  consumption  of
RNA  and  eliminates  the  errors  among  samples.
          The  total  50µL  PCR  reaction  system  consisted
of  10 × amp  lification  buffer  solution  5 µL,  4 ×
dNTPs  ( 2.5  mmol/L  for  each )  4 µL,  primers  of
sense  chain  and  antisense  chain  50 pmol  for  each,
2µL  reverse  transcripti  on  product,  Taq-  DNA
polymerase  2.5U,  and  added  ddH2O  up  to  50 µL,
to   mix   them   together.   After   10   second
centrifugation,  50µL  liquid  paraffin  was  added  and
placed  in  PCR  Gene  Amp  Machine  (Pharmacia).
The   amplification   condition:   IL-1β:94    pre-
denature  4min,  94   30s,  50   45s,  72   90s  for  30
cycles;  IL-6  and  GAPDH:  94   pre-denature  4min,
94   1min,  52   1min,  72   1min  for  30  cycles.
      Ten  µL  PCR  product  was  added  to  6×
electrophoresis  buffer  solution  2µL,  and  underwent
agarose   gel  ( 1.5 g/L,  containing  Ethdium   bromide
0.5mg/L)  electrophoresis  at  100V  for  1  hour  and
photographed  under  ultraviolet  lamp.

RESULTS
Total  RNA  extraction
The  ratios  of  OD260/OD280  of  the  total  RNA
samples  were  between  1.70-2.00  and  two  bands,
18s   and   28s,   were   shown   in   electrophoresis,
indicating  that  the  total  RNA  was  not  polluted  and
degraded.

IL-1βββββ  and  IL-6  mRNA  in  spleen  and  colon
mucosa  (Figure  1)
IL-1β  and  IL-6  mRNA  expressions  of  spleen  and
colon  mucosa  were  observed  in   model   control
group,   electro-   acupuncture   group   and   herbs-
partition  moxibustion  group,  but  the  degrees  of
expression  in  EA  or  HPM  were  lower  than  that  in
MC.  There  was  no  significant  difference  between
EA  and  HPM,  but  the  degree  of  expression  in  HPM
as  a  whole  tended  to  be  less.  The  expressions  of
spleen  and  colon  mucosa  in  all  groups  were  nearly
the  same.  Neither  IL-1β  nor  IL-6  mRNA  expression
of  spleen  and  colon  mucosa  could  be  observed  in  the
normal  control  group.
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Figure1 The effect of acupuncture and moxibustion o n IL-1β and
IL-6 mRNA expression in spleen and colonic mucosa of ulcerative
c olitis rats.
M: Sign of PCR (Hua Mei), 1543, 994, 694, 515, 377 and 237bp
from up to down re spectively. 1, 3, 5 and 7 are mRNA of colonic
mucosa in MC, EA, HPM and NC grou ps respectively; 2, 4, 6
and 8 are mRNA of spleen in MC, EA, HPM and NC groups
respectively.

DISCUSSION
The  pathogenesis  of  UC  may  involve  in  both  local
and    systemic    immunological    abnormalities.
Cytokines  now  have  attracted  special  attention  by
virtue  of  their  participation  in  the  intestinal
inflammation  and  immune  reactions.  IL-1β  and  Il-6,
as  important  inflammatory  factors  and  immune
regulators,  play  a  fundamental   role   in   the
pathogenesis  of  UC.  Many  studies  showed  increased
IL-1β  and  IL-6  levels  in  the  colonic  mucosa  and
peripheral  blood  of  patients  with  UC,  and  indicated
that  IL-6  was  possibly  correlated  with  the  severity
of  the  manifestations  in  UC  patients[5,6].  IL-1β  and
IL-6,  produced  mainly  by  activated  phagocytes  and
lymphocytes,  show  a  wide  variety  of  biological
functions.  They  can  influence  secretion  of  other
cytokines  and  inflammatory  mediators  in  an
autocrine  or  paracrine  fashion,  induce  expression  of
surface  immune  molecules  of  antigen-presenting
cells   to   serve   as   an   activation   factor   and
differentiati  on  factor  on  T  cells  and  B  cells,  mediate

immunoglobulin     secretion,     activate     the
complements,   killer   cells   and   phagocytes,   and
enhance  tissue  injury  mediated  by  cellular   and
humoral  immune  reactions.  In  addition,  IL-1β  and
IL-6  can  promote  the  expression  of  adhesion
molecules  on  endothelial-leukocyte  and  are  regarded
as  a  chemoattractant  of  circulating  neutrophils  to
migrate  in  to  the  inflammed  site,  thus  causing  a
series   of   long   lasting   intestinal   inflammatory
reaction  and  tissue  injury[7-9].
        This  study  demonstrated  that  IL-1β  and  IL-6
were  undetectable  in  the  spleen  and  colonic  mucosa
of  the  normal  control  rats,  whereas  they  were
significantly  expressed  in  that  of  the  model  control
rats.  Lymphocytes  and  monocytes/macrophages  in
the  rats  were  activated  by  persistent  stimulation  of
exogenous  antigens  which  might  contribute  to  the
expression  of  cytokines.  The  amount  of  IL-1β  and
IL-6  mRNA  was  nearly  the  same  between  the  spleen
and  colon  in  different  groups,  suggesting  that
immunocytes  in  the  spleen  and  colon  responded  to
the  antigen  in  a  similar  way  and  interacted  through
the  pathway  of  cytokines.  In  our  study  the  markedly
decreased  expressions  of  IL-1β  and  Il-6  mRNA  in
EA  and  HPM  suggested  that  acupuncture  and
moxibustion   could   inhibit   the   expression   of
inflammatory  cytokines  in  UC  model  rats,  regulate
the     immunological     abnormalities,     reduce
immunocyte  response  to  inflammation,  and  then
contribute  to  the  elimination  of  inflammation  and
repair  of  tissue.
       The  pathogenesis  of  UC  may  be  due  to  an
imbalance  between  inflammatory  cytokines  on  one
hand  and  anti  inflammatory  immune  factors  such  as
IL-4,  IL-1ra,  IL-1  0,  etc  on  the  other.  Our  results
suggest  that  in  addition  to  inhibit  the  expression  of
inflammatory    cytokines,   acupuncture   and
moxibustion  can  activate  the  anti-inflammatory
factors,  but  further  studies  are  needed.
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INTRODUCTION
Anatomical  structures  that  create  reservoirs  for
stagnant  intestinal  contents  are  a  characteristic  feature
of  common  inflammatory  disorders  such  as
diverticulitis      and      appendicitis.      Intestinal
diverticula,  surgically  constructed  blind  loops  and
pouches,  obstructing  carcinomas  of  the  colon,  and
Hirschsprung’s  disease  are  accompanied  by  chronic
inflammatory  changes  in  the  intestine,  and  are
occasionally  associated  with  mucosal  ulceration
followed  by  massive  bleeding.  These  diseases  are
etiologically  associated  with  disorders  characterized
by  intestinal  stasis  and/or  an  altered  fecal  stream,
resulting  from  “cul  de  sac”  structures  (blind  loop  or
pouch)  in  the  intestinal  tract,  bowel  obstruction  or
impaired  motility.  Furthermore,  some  of  these  chronic
inflammatory  conditions  appear  to  exhibit  similar
pathological  features,  such  as  ischemic  colitis.  Although
these  inflammatory  changes  have  been  described
individually,  often  as  case  reports,  relatively  little
attention  has  been  devoted  to  the  overall  clinical
impact  of  these  diseases  and  to  understanding  the
pathophysiology  of  disease  initiation  and  progression.
Studies  in  our  laboratory  and  by  others  have  provided
novel  insights  into  the  molecular  and  cellular  basis
for  the  intense  inflammatory  responses  that  are
associated  with  intestinal  stasis.  This  review
summarizes  the  findings  of  these  studies  and  provides
a  unifying  theory  to  explain  the  inflammatory
responses  that  result  from  intestinal  stasis.

CLINICOPATHOLOGICAL  FEATURES
Whereas   most   intestinal   ( duodenal,   jejunal,
Meckel’s,   and   colonic )   diverticula   remain
asymptomatic,  gastrointestinal  bleeding  is  the  most
common  complication,  associated  with  mucosal
ulceration[1-4].  Meckel’s  diverticulum,  located  on  the
antimesenteric  border  of  the  ileum,  is  the  most
common  congenital  a  nomaly  of  the  gastrointestinal
tract.  Although  ulcer  formation  in  Meckel’s  divertic
ulum  is  generally  thought  to  result  from  ectopic
gastric  tissue,  all  of  the  cases  cannot  be  explained
by  acid  production  from  the  functioning  gastric
mucosa[2].   The   diagnosis   of   gastrointestinal
bleeding  due  to  diverticula  of  the  sm  all  bowel  is
difficult,  because  neither  the  symptoms  nor  physical
finding  are  specific  and  endoscopic  observation  is
hampered  by  the  length  of  the  intestine.  Surgical
resection  of  the  involved  segment  of  the  intestine  is
the  treatment  of  choice  for  the  diverticula  identified
as  a  source  of  gastrointestinal  hemorrhage[1].
      The  terms  “blind  pouch”  or  “blind  loop
syndrome”  represent  the  complications  resulting
from  a  stagnant  intestine  that  are  usually  created  by
a  side-to-side  anastomosis  with  or  without  bowel
resection,  respectively.  In  cases  of  this  syndrome,
diarrhea  and  occult  intestinal  bleeding  are  usually
found  as  well  as  sym  ptoms  resulting  from
malabsorption[5-9].   Shallow   and   longitudinal   ulcer
ations  are  occasionally  observed  in  the  resected
blind   intestine,   similar   to   those   of   ischemic
enteritis[5,6].  Bacterial  overgrowth  in  the  blind  loop
has  been  presented  in  experimental  models  of
animals[8,9].   While   this   syndrome   is   now   rare
because  the  safety  of  an  end-to-end  anastomosis  has
been  established,  the  pathological  features  of  this
condition    may    provide    important    insights
concerning  the  linkage  between  intestinal  stasis  and
the  resulting  inflammatory  response.
         Restorative  proctocolectomy  with  ileal  pouch
anal  anastomosis  has  become  the  surgical  treatment
of  choice  for  both  ulcerative  colitis  and  familial
adenomatous  polyposis.  In  spite  of  the  excellent
functional  results  and  improved  quality  of  life  with
this  procedure,  major  concerns  persist  regarding  the
risks  for  and  consequences  of  ileal  pouchitis,  a  long
term  complication  that  is  recognized  with  increasing
frequency.  Pouchitis  is  a  nonspecific  inflammation
of   an   ileal   reservoir   that   typically   results   in
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increased   bowel   frequency,   decreased   stool
consistency,    diminished    continence,    low-grade
fever,   malaise,   and   arthralgias.   Oral   treatment
with   antibiotics,   such   as   metronidazole,   is   an
effective  therapy  for  active  pouchitis[10-12].
         The  term  “obstructive  colitis”  was  originally
used  to  define  the  ulcerative  inflammatory  lesions
that  occur  proximal  to  the  colonic  lesion  and  which
is  partially  or  potentially  obstructive  rather  than
completely  obstructed[13-16].  Complications  include
peritonitis,   perforation,   and   breakdown   of
anastomoses  made  through  involved  segments  of  the
colon   that   may   appear   externally   normal   at
surgery[13,15].  The  inflammatory  response  associated
with  colonic  obstruction  exhibits  a  variety  of
pathological    features,    including    ischemic[13-16],
acute     necrotizing[17],     or    pseudomembranous
colitis[18],    resulting    in    confusion    about    the
definition  of  this  disease[14].  The  are  a  of  colitis  is
usually  mildly  dilated  with  moderate  thickening  of
the  wall.  Thus,  it  is  characteristically  distinguished
from  marked  distension  of  the  bowel  that  is
associated  with  thinning  of  the  wall  and  transmural
necrosis   caused   by   an   increased   intraluminal
pressure,  followed  by  acutely  developing  arrest  of
the  intramural  circulation[13].
       Enterocolitis  associated  with  Hirschsprung’s
disease,  which  can  induce   perforation   and/ or
systemic  sepsis,  remains  a  major  source  of  morbidity
and  mortality,  both  before  and  after  definitive
surgical  treatment[19-22].  The  risk  of  postoperative
entero  colitis  is  significantly  increased  by  mechanical
factors   related   to   anastomotic   stricture   and
intestinal    obstruction[21,22],   possibly   eliciting   a
delayed    intestinal    transit.    Crypt    abscess,
intraluminal  fibrinopurulent  debris,  or  mucosal
ulceration  are  histologically  observed[19,20].  The
etiology  of  enterocolitis  is  uncertain;  ischemic  and
bacterial  causes  and  recently,  rotavirus  infections,
have  been  suggested[23,24].
       While  much  attention  has  been  devoted  to
defining  the  relationship  between  enteric  bacteria
and  the  pathogenesis  of  inflammatory  bowel  disease
(IBD),  it  remains  unclear  whether  intestinal  stasis,
resulting   in   overgrowth   of   enteric   bacteria,
contributes  to  the  development  of  IBD.  However,
there  are  several  interesting  published  observations
that  suggest  the  linkage  between  intestinal  stasis  and
the  pathogenesis  of  IBD.  A  previous  study  showed
evidence  that  the  recurrence  of  Crohn’s  disease  in
the  neoterminal  ileum  after  curativeileal  resection  is
dependent   on    intestinal   transit[25].   Although
ulcerative  colitis  ( UC )  has  been  described  as  a
continuous  inflammatory  process  starting  from  the
rectum,  isolated  inflammatory  changes  can  be

observed  in  the  periappendicial  area  of  a  number  of
patients  with  left-sided  UC[26,27].  In  recent
epidemiology-ba  sed  studies,  the  risk  of  progression
of  UC  was  significantly  lower  after  previous
appendectomy[28,29].
        Although  peptic  ulcers  (gastric  or  duodenal)
have  been  extensively  studied,  the  mechanisms
underlying  the  ulcerative  inflammatory  changes  in
the  stagnant  intestine,  where  acid  from  the  stomach
has  already  been  neutralized,  remains  poorly
characterized.  Many  of  the  features  of  the  disease
suggest  an  ischemic  origin,  which  cannot   be
explained  by  atherosclerotic  obstruction   of   the
feeding  arteries.  Microvascular  dysfunction,  due  to
hypoperfusion    following    raised    intraluminal
pressure,  has  been  assumed  to  account  for  the
mucosal    ischemia[13].   Contribution   of   enteric
bacteria  has  also  been  suggested,  based  on  the
observati  on  that  treatment  with  oral  antibiotics  can
often  relieve  clinical  symptoms  induced  by  these
diseases[10-12,30,31].

INTESTINAL   STASIS   AND   ENDOTHELIAL   CELL

ADHESION  MOLECULES
Leukocyte-endothelial   cell   adhesion   is   now
recognized  to  represent  an  early  and  rate-limiting
step  in  the  leukocyte  infiltration  and  accompanying
tissue  injury  associated  with  acute  or  chronic
inflammation.  There  is  also  evidence  that  adherent
and  activated  leukocytes  produce  microvascular
dysfunction  by  occluding  microvessels,  damaging
endothelial  cells  and  increasing  vascular  protein
leakage[32,33].  Leukocyte-endothelial  cell  adhesive
interactions,  such  as  rolling,  firm  adhesion,  and
transendothelial  migration,  represent  a  highly
coordinated  process  that  is  governed  by  a  number  of
factors,   including   the   expression   of   specific
adhesion  glycoproteins,  physical  forces  generated
within  the  microc  irculation,  and  inflammatory
mediators   released   by   a   variety    of    activated
cells[32-37].  The  pivotal  role  of   endothelial   cell
adhesion  molecules  (CAMs)  in  regulating  leukocyte
recruitment  has  been  demonstrated  in  different
models  of  gastrointestinal  and  liver  inflammation
using  either  blocking  monoclonal  antibodies  directed
against  specific  CAMs  or  mice  that  is  genetically
deficient  in  one  or  more  endothelial  CAMs[34,35].
The  â2  subfamily  of  integrins  (CD18)  are  expressed
on  leukocytes  and  these  integrins  firmly  bind  to
glycoproteins  of  the  immunoglobulin  superfamily,
such  as  intercellular  adhesion  molecule-1  (ICAM-1)
and  ICAM2,  which  are  expressed  on  vascular
endothelium.  ICAM-1  is  constitutively  expressed  on
the  surface  of  en  dothelial  cells  and  this  expression
can  be  enhanced  by  endotoxin  or  cytokines[36,37].
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         Our  previous  study,  which  employed  surgical
procedures   to   improve   cecal   stool   flow   in   the
rats[38],  represented  the  first  attempt  to  address  the
issue  of  how  intestinal  stasis  results  in  an
inflammatory  response.  The  findings  of  this  study
indicate  that  intestinal  stasis  is  associated  with  an
increased  expression  of  ICAM-1  on  endothelial  cells
and   granulocyte   infiltration.   This   study   also
suggested  that  it  be  the  bacterial  load  of  a  stagnant
intestine   that   determines   the   activation   of
mechanisms  leading  to  infiltration  of  inflammatory
cells,  based  on  the  responses  noted  in  animals
receiving  oral  antibiotics.  This  view  is  supported  by
a  previous  study,  in  which  pretreatment  with
metronidazole  inhibited  the  leukocyte-endothelial
cell  adhesion  in  rat  mesenteric  venules  elicited  by
indomethacin  or  leukotriene  B4

[39].
        A   definitive   explanation   concerning   how
enteric  bacteria  enhance  ICAM-1  expression  on
endothelial  cells  in  the  stagnant  intestine  is  not
readily  available.  How  ever,  our  recent  work  on
germfree  mice  demonstrated  that  the  expression  of
ICAM  -1,  but  not  other  endothelial  CAMs  such  as
ICAM-2,  vascular  cell  adhesion  mole  cule-1  (VCAM-
1),    or    E-selectin,    is    altered    by    germfree
conditions[40].  The  ICAM-1  specificity  of  this
response  argues  against  a  role  for  systemic  levels  of
bacterial  endotoxin  or  tumor  necrosis  factor-α
released  from  macrophages,  which  are  powerful
stimuli  for  VCAM-1  and  E-selectin  as  well  as  ICAM
-1[34],  as  mediators  of  the  response.  There  is  a
growing  body  of  evidence,  derived  from  germ  free

animals,  that  enteric  microflora  contribute  to  the
basal  level  of  activation  of  the  immune  system,  such
as  antibody-forming  potential,  phagocytosis,  T-cell
population  and  responsiveness  to  cytokines[41-47].
As  illustrated  in  Figure  1,  some  unique  factor  that  is
normally  released  from  enteric  bacteria  promotes
the  increased  constitutive  expression  of  ICAM-1  in
the  intestinal  microvasculature.  Events  associated
with  an  altered  enteric  microflora,  such  as  intestinal
stasis  or  an  altered  fecal  stream,  are  likely  to  affect
the  amount  of  this  bacteria-  derived  factor  that
regulates  ICAM-1  expression.  In  doing  so,  the
enteric  bacteria  can  exert  a  profound  influence  on
the  trafficking  of  leukocytes  in  the  intestinal
microcirculation.    As    intestinal    stasis    and
overgrowth  of  enteric  bacteria  are  associated  with
increased   I   CAM-1   expression,   subsequently
affecting  leukocyte-endothelial  cell  adhesion,  it  is
tempting  to  speculate  that  the  ischemic  and
inflammatory  changes  observed  in  the  several
disorders  associated  with  intestinal  stasis  may  have
share  a  commonunderlying  mechanism  that  largely
explains  the  ulcerative  inflammatory  lesions.
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INTRODUCTION
Since  the  advent  of  hybridoma  technology[1],
monoclonal  antibodies  have  been  widely  used  in
basic  studies  and  clinical  application.  F(ab’)2  is  a
bivalent  antibody  fragment  which  is  currently  used
for  both  diagnosis  and  treatment  [2],  and  better  than
the  original  mAbs,  because  it  does  not  retain
complement  binding  function  due  to  lack  of  Fc
regions  and  reduced  interaction  with  non-specific
proteins  and  the  smaller  molecular  weight  than  the
mAbs,  furthermore,  it  can  be  digested  by  pepsin  or
papain  and  purified  by  size  exclusion  chromato-
graphy[4],  ion-exchange  chromatography[6]  or  hy-
drophobic  interaction[7].  However,  these  methods
are  time-consuming,  and  cannot  attain  sufficient
purity   and   recovery   of   F(ab’)2   fragment.
Development  of  efficient  procedures  for  F(ab’)2

preparation  is  an  urgent  necessity.
         In  the  present  paper,  we  described  a  method
for  preparation  of  F(ab’)2  fragment  from  papain
digest  of  mouse  IgG1  mAb  Hab18  and  then  purified
by  FPLC  using  DEAE-Sepharose-FF  gel.  The  results
showed  this  method  was  suitable  for  large-scale
preparation  and  purification  of  F(ab’)2  fragments.

MATERIALS  AND  MATHODS
Materials
Mouse  mAb  Hab18  belonged  to  the  IgG1  subclass

was  used,  and  the  specific  antigen  was  human
hepatoma.  It  was  produced  by  our  laboratory;
papain  was  purchased  from  Sigma.

Methods
Papain  digestion  MAb  HAb18  was  purified  from
the    ascitic    fluid    which    was    centrifuged   at
1000 r/min  for  20 min  to  remove  cells,  and  the
supernatant  was  dialyzed  against  10 mmol/L
phosphate  buffer  (PB),  pH  5.5,  and  then  placed  at
column   of   SP-cellulose   FPLC,   the   fraction
containing  IgG1  HAb18  was  precipitated  by  adding
ammonium  sulfate  to  give  50%  saturation,  followed
by  centrifugation  at    5000  r/min  for  10 min  after
standing  for  2 h.  The  precipitate  was  dissolved  in
PBS   (10 mmol/L   sodium   phosphate,   pH  7.4,
150 mmol/L   NaCl )   to   20 g/L,   and   dialyzed
overnight   against    0.1   mol/L   sodium   acetate,
pH  5.5.
          MAb  digestion  was  carried  out  by  the  method
of  Parham  et  al[8]  with  some  modification.  Briefly,
papain  was  dissolved  in  0.1 mol/L  sodium  acetate,
pH  5.5  with  3  mmol/L  EDTA,  1  mmol/L  DTT
(Sigma)  and  then  incubated  for  30 min  at  37 .
Activated  papain  was  freed  from  excess  DTT  by
gel  filtration  of  the  Sephadex  G-25  (Pharmacia).
The  papain  was  determined  by  measuring  absorbance
at  280 nm  and  adjusted  to  2 g/L.  Preactivated  papain
was  added  to  mAb  HAb18  at  a  ratio  of  1:20  (w/w)
and  the  mixture  was  incubated  at  37   for  2h.  The
reaction   ceased   by   addition   of   30 mmol/L
iodoacetamide  (Fluca)  and  the  products  analyzed  by
SDS-PAGE  in  the  absence  of  β-mercaptoethanol.

Chromatographic  purification  The papain digest  was
dialyzed  against  10 mmol/L  Tris-HCl,  pH  8.0  and
applied  to  a  column  of  DEAE-Sepharose-FF  (2 cm×
18 cm,  Pharmacia)  connected  to  FPLC  which  was-
equilibrated  and  then  washed  in  the  same  buffer
until   the   absorbance   at   280 nm   reached   a
background  value  of  0.01.  The  column  was  then
eluted   with   a   linear   gradient   from  0 mmol/L - 100
mmol/L  NaCl  in  the  same  buffer.  Fractions  were
collected  and  assayed  for  absorbance  at  280 nm  and
analyzed  by  SDS-PAGE.
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Analytical  studies  The  purity  of  F(ab’)2  fraction
was  detected  by  SDS-PAGE  which  was  performed
in  a  10%  gel  under  reducion  or  non-reducion
conditions  according  to  the  method  of  Laemmli[9].
Proteins  were  treated  with  loading  buffer  in  the
absence  or  presence  of  â-mercaptoethanol  at  100
for  5min  and  stained  with  Comassie  Brilliant  Blue
R-250.
       Antigen  binding  activities  of  F(ab’)2  were
measured  by  indirect  immunofluores  cence.  Viable
hepatoma  cells  were  fixed  on  the  plates.  F(ab’)2

fraction  was  d  iluted  with  PBS  to 1 mg/L,  and  series
of  two-fold  dilu  tions  were  prepared  and  added  to
plates  which  were  incubated  for  60 min  at  37 ,
washed  with  BPS,  and   added   fluorochrome-
conjugated   rabbit   anti-mouse   -F(ab’)2   antibody
(Sigma)  then  incubated  for  30 min  at  37   and
examined     under     an     immunofluorescence
microscope.
      Concentrations  of  F(ab’)2  and  mAb  were
estimated  using  an  extinction  coeffici  ent  at  280nm
and  at  260 nm,  protein  concentration  (g/L) = 1.45
×OD280-0.74×OK260.

RESULTS

Papain  digestion
The  ascitic  fluid  from  which  the  mAb  was  purified
by  SP-FPLC,  the  product  of  the  papain  digestion  for
2 h  and  the  purified  F(ab’)2  were  applied  to  SDS-
PAGE    under    non-reduction    and    reduction
conditions,  the  results  indicated  abou  t  95%  of  the
antibody  were  degraded  to  F(ab’)2  fragment  after
2 h  incuba  tion.  The  digest  contained  F(ab’)2,  F
(ab’),  and  Fc  fragments  as  well  as  intact  IgG  and
other   contaminating   proteins.   A   band   with  Mr

160000  was  corresponding  to  IgG  under  non-
reduction  condition  before  the  reaction,  and  a  band
of  Mr160  000  was  considered  to  be  F(ab’)2  after
digestion.  Under  reduction  condition,  IgG  showed
two  bands  of  Mr50 000  and  Mr28 000,  which
corresponded  to  heavy  (H)  and  light  (L)  chains,
respectively.  In  contrast,  the  H  and  L  chains  of  F
(ab’)2   were   about   Mr30  000   and   Mr28 000
(Figure  1).

Chromatographic  purification
The  papain  digest  was  separated  by  FPLC  using
DEAE-Sepharose-FF  column.  As  shown  in  Figure  2,
the  strength  of  interaction  with  DEAE  was  papain<
(ab’)2  Fab  ‘<IgG<Fc.  Papain  flow  through  the
column,  F ( ab’ )2,  F ( ab’ ),   IgG,   Fc   and   other
protein  bound  to  the  column  and  purified  F(ab’)2

fragment   was   obtained   after   elution   with
50mmol/L  NaCl.  According   to   the   SDS-PAGE
result,  the  fragment  was  separated  entirely  with
intact  IgG,  Fc,  papain  and  other  proteins.

Analytical  studies
The  collected  F(ab’)2  pool  from  the  DEAE  column
was  applied  to  SDS-PAGE  and  then  examined  by
thin-layer  chromatography  scanning.  The  results
showed  that  the  purity  of  F(ab’)2  fragment  was
more  than  95%.
         The  immunoactivity  of  initial  mAb  and  the  F
(ab’)2  obtained  after  digestion  were  determined
using     indirect     immunofluorescence.     After
proteolytic    digestion    and    chromatographic
purification,  the  minimal  detective  concentration  F
(ab’)2  was  0.125 µg/mL,  corresponding  to  90%  of
their  initial  mAb  activity.
        The   total   protein   digested   by   papain   was
100mg.  The  quantity  of  the  F(ab’)2  obtained  from
the  DEAE-FPLC  was  53mg,  and  the  purity  greater
than  95  %,  due  to  the  molecular  size  of  F(ab’)2

fragment  is  68%  of  the  intact  IgG,  thus,  the  actual
yield  of  F(ab’)2  was  about  78%  of  theoretical  yield.

Fignre1 Photograph of SDS-PAGE get of anti-hepato ma IgG1

mAb HAb18 before and after digestion and purification. Lane
1, molecul ar weight standards; lane 2-3, reduced and non-
reduced mAb HAb18; lane 4, papai n digest of HAb18; lane 5-
6, purified F(ab’)2 fragment under non-reduction and reduction
conditions.

Fignre2 Purification of F(ab’)2 fragme nt from papain digest of
mAb HAb18 by FPLC using DEAE-Sepharose-FF column.
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DISCUSSION
Classical  preparation  of  F(ab’)2  fragments  from
mouse  IgG  mAbs  used  to  be  digested  by  pepsin,
however,  Lamoyi  et  al[3,4]   reported   that   the
sensitivity  to  pepsin  varied  in  different  mouse  IgG
subclass,  it  was  IgG3>IgG2a>IgG2b>IgG1,  pepsin
had  little  effect  on  most  mouse  IgG1  proteins.
Parham  et  al[6,8]  used  preactivatedthiol-free  papain
to  cleave  IgG1  mAbs  to  F(ab’)2  and  Fc  fragments
efficiently,  but  it  needed  18h-  25h  for  digestion.
The  method  described  here  was  modified  according
to  the  reference[8],  the  study  showed  that  2h  was
sufficient,  more  than  95  %  of  mAb  was  cleaved
successfully  to  F(ab’)2  fragment  using  papain
digest  ion.  Under  the  conditions  described  above,  3
anti-hepatoma  IgG1  mAbs  had  been  so  far  tried  and
the  same  results  obtained.  The  relative  amounts  of
F(ab’)2  produced  might  vary  with  changes  in  the
conditions     of     digestion,     duration     and
concentration[8],     so    we    suggested    that    the
conditions    of    digestion    for    each    monoclonal
antibody  pre  paration  be  assessed  by  experience.  In
addition,  it  was  critical  to  inactivate  the  papain,  for
we  observed  in  our  experiment  that  it  might  retain
activity  and  led  to  degradation  of  F(ab’)2  to  Fab  and
smaller  fragments.
        There  have  been  some  papers  reporting  the
purification  of  F(ab’)2  fragments  by  gel  filtration[2]

or   ion-exchange   chromato   graphy[3,6].   However,
F(ab’)2  cannot  be   purified   to   homogeneity   by
single-step  chromatography.  Koichi[7]  reported  a
purification  scheme  for  F(ab’)2  fragment,  using
hydrophobic  interaction,  and  ammonium  sulfate
was  used  in  protein  precipitation  and  purification.
However,  this  technique  might  reduce  significantly
the  antibody  activity[10].  In  the  present  paper,  we
described  the  use  of  FPLC  using  DEAE-Sepharose-
FF  to  the  purification  of  F(ab’)2  fragment  of  mouse
IgG1  MA  b.  The  advantage  of  the  method  described
here  was  not  only  could  be  completed  within  on
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single-step,  but  also  the  fraction  containing  F(ab’)2

fragment  was  h  omogeneous  (Figure  1),  which  had
been  separated  entirely  from  papain,  intact  IgG  and
Fc  fragment,  though  F(ab’)2  sometimes  contain  a
little  of  F(ab’),  for  m  any  purpose  it  was  no  need
for  further  purification.  To  be  more  important,  the
recovered  F(ab’)2  retained  90%  of  their  initial  mAb
activity.
         By  using  the  procedures  above  a  purification
cycle  was  only  60 min,  and  F(ab’)2   fragment
obtained  from  each  cycle  could  reach  the  level  of
preparation  scale.  Because  of  these  advantages,
they  could  be  a  simple  and  rapid  process.  This
method  was  quite  useful  in  immunological  diagnosis
and  therapy  with  antibody  fragment.
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INTRODUCTION
Accurate  assessment  of  hepatic  reserve  function  in
cirrhotic  portal  hypertensive  patients  is  important  for
selection  of  surgical  proc  edure  and  evaluation  of
prognosis.  The  measurement  of  liver  volume  has
been  applied  in  clinic  as  widely  as  Child’s  class[1,2].
Limited  by  technical  condition,  measurement  of
liver  volume  in  vivo  has  seldom  been  reported  in
China.  Using  double  helix-spiral  CT  (Elscint  CT
Twin),  the  liver  volume  of  25  cirrhotic  patients  and
30  patients  in  controls  was  assessed,  and  a
correlation  analysis  was  made  between  the  liver
volume  and  preoperative  natural  shunting  rate,
portal  vein  flow,  portal  pressure  and  prognosis  of
cirrhotic  patients.

MATERIALS  AND  METHODS
Patients
Twenty-five  patients  with  post-hepatitis  cirrhotic
portal  hypertension  were  included  in  this  study  (16
males  and  9  females,  aged  24-66  years,  averaging
44.2  years ± 10.7  years,  1.58 m-1.76 m   in   hight
and  47.5kg-70  .5kg  in  weight).  All  patients  were
HBsAg  or  HCV-antigen  positive  with  no  cardiac
disease  and  hepatic  space-occupying  lesion.
          Thirty  patients  with  chronic  cholelithiasis  with
no  hepatic  disease  served  as  controls  (13  males  and
17  females,  averaging  45.1  years ± 14.0  years,
1.58 m-1.82 m  in  hight  and  48 kg - 85 kg  in  weight).
All   patients   were   HBsAg   negative   with   no
cardiac  disease.

Methods
Measurement  of  liver  volume  The  upper  abdomen
was  scanned  by  double  helix-spiral  CT  (Elscint  CT
Twin).  The  liver  volume  was  measured  by  3-
dim  ensional  shaded  surface  display  software[3].

Measurement of natural portal-systemic shunting  rate

99mTc-MIBI750mBq  (20mci)  was  given  intrarectally
to  cirrhotic  portal  hypertensive  patients  who  lied
supine  under  the  detector  of  Techneca  438H/560γ
camera  to  image  heart,  liver  and  spleen.  The  region
of  interest  (ROI)  with  equal  area  was  set  up  over
the   surface   of   heart   and   liver,   portal-systemic
shunting  index  ( SI ) = ROI  ( heart )/ROI  ( heart )
+ROI  (liver).

Measurement  of  portal  flow  and  portal  pressure
During  breath  holding  after  inspiration,  the  bore
and  average/maximal  blood  flow  rate  of  portal  vein
were   measured   from   2-dimensional   real-time
ultrasonographic  image  with  AC  USON  128P/10
color  Doppler  ultrasound  system.  The  portal  flow
was  measured  according  to  the  formula  (flow  volume
=  sectional  area  ×  flow  rate).  Portal  pressure  was
measured  by  gastroepiploic  venous  centesis.

RESULTS
According  to  double  helix-spiral  CT,  the  average
liver  volume  in  the  control  group  was  1070.68cm3±
227.52cm3,  and   was   positively   correlated   with
height,   the   correlation   coefficient   ( γ = 0.42,  P
<0.05) was   not   correlated   with   that   ( γ = 0.17,  P>
0.05)  of  body  weight.
        According   to   double   helix-spiral   CT,   the
average  liver  volume  of  portal  hypertensive  patients
was  797.02cm3±135.11cm3,  which  was  significantly
smaller  than  that  in  the  controls  (P<0.05).
       The    liver   volume    of    cirrhotic   portal
hypertensive  patients  was  correlative  with  Child’s
class,  the  liver  volume  and  liver  volume/height  of
patients  who  were  Child  B  were  significantly  greater
than  that  of  patients  who  were  Child  C  (P <  0.05).
There  was  no  significant  correlation  between  liver
volume  and  natural  portal-systemic  shunting  index
(SI )  ( correlation   coefficient  γ = -0.27,  P > 0.05 )
and   portal   flow   ( correlation   coefficient  γ = 0.17,
P>0.05)(Table  1).
        Among  the  24  cirrhotic  portal  hypertensive
patients  who  received  H-graft  portal  -caval  shunt
(the  bore  of  the  artificial  vessel  was  8 mm),  the
morbidity  of  postoperative  encephalopathy  and  the
one-year  mortality  in  patients  with  their  liver
volume  lower  than  750 cm3  were  found  to  be  higher
than  those  in  patients  with  their  liver  volume  higher
than  750 cm3.  Significant  difference  was  found  in
the   morbidity   of   postoperative   encephalopathy
(Table  2).
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DISCUSSION
Liver  cirrhotic  portal  hypertension  is  a  disease  with
considerable  individual  difference.  The  complicated
liver  function  and  other  factors  will  influence  portal
pressure   and   the   operational   results.   How   to
evaluate  patients’  tolerance  to  operation,  how  to
select  optimal  operation  for  patients  and  how  to
predict  the  prognosis  are  challenges  to  surgeons.
Age,  nutritional  condition  and  hepatic  function  class
(Child’s  class)  have  often  been  regarded  as  the
criteria.  Liver  volum  e  and  amount  of  liver  cells,
which  is  an  important  index  of  the  hepatic  function,
were  overlooked,  while  the  volume  and  weight  of
liver  have  been  regarded  as  the  factors  as  important
as  Child’s  class[3,4].
       Liver   is   an  irregular  wedge-shaped  organ,
critical  deformity  is  present  during  the  course  of
cirrhosis,  which  has  brought  certain  difficulty  to  the
measurement  of  liver  volume  and  its  weight  in  vivo.
With  the  help  of  double  helix-spiral  CT  (Elscint  CT
Twin),  scanning  could  be  completed  during  the
course  of  breath  holding,  thus  reduced  the  error.
Liver  volume  was  measured  by  3-dimensional
integral  software  accurately.  The  result  showed  that
liver  volume  in  adult  had  a  positive  and  linear
correlation  with  height,  but  no  close  correlation
with  body  weight,  this  will  guide  the  selection  of
donor  and  receptor  for  liver  transplantation.  The
liver  volume  of  cirrhotic  portal  hypertensive
patients  decreased  by  25.6%  as  against  controls.
The  liver  volume  of  patients  in  Child  C  class
decreased  obviously  in  contrast  with  patients  in
Child  B  class,  indicating  that  hepatic  reserve
function  was  correlative  with  liver  volume.  If
patients  were  divided  into  two  groups  according  to
liver   volume   of   750 cm3,   the   morbidity   of
postoper  ative  encephalopathy  in  patients  who
received  portal-caval  shunt  with  their  liver  volume

less  than  750 cm3,  was  4.5  times  that  of  patients
with  their  liver  volume  higher  than  750 cm3.  Owing
to  the  poor  hepatic  reserve  functi  on,  patients  with
lower  liver  volume  were  prone  to  enceplopathy,
therefore  it  was  not  adequate  to  perform  shunt
operation  on  patients  whose  liver  volume  was  too
low.  It  played  a  role  in  objective  evaluation  of
patients’  tolerance  to  operation  and  selection  of
operational  procedure[5,6].  Our  study  showed  that
although  the  extent  of  liver  atrophy  was  negatively
correlated   with   portal   pressure,   correlation
coefficient  was  small.  Statistical  analysis  showed  no
significant  difference,  and  portal  flow  was  not
closely  correlated  with  liver  volume.  These  suggest
that  there  are  many  factors  that  influence  portal
pressure,  natural  portal-systemic  shunting  index  and
portal  flow.  Liver  volume  is  probably  just  one  of
them.  At  the  same  time,  the  relationship  between
liver  volume  and  portal  pressure,  portal  flow  and
portal-systemic  shunting  rate  needs  to  be  further
studied.
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Table 1 Comparison of liver volume in different hepatic function class (x±s)

Hepatic function class Case(n) Liver volume (cm3) Liver volume/height (cm3/m)

Child A class      2         1133.0     645.6
Child B class    13      888.2±92.6a 533.1±50.1a

Child C class    10      672.4±91.1 393.8±48.2

aCompared with Child C class, P<0.05.

Table 2 Morbidity of post-shunting encephlopathy and post-shunting mortality in patients with different liver volume

Case (n) Encephalopathy (n) Morbidity of encephalopathy      One-year death Mortality

Liver volume>750cm3     13   1       7.7%a   1     7.7%
Liver volume<750cm3     11   4     36.4%   1     9.1%

aCompared with liver volume<750 cm3 group,P<0.05.
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INTRODUCTION
Immunohistochemistry  and  immune  electron
microscopy  were  used  to  determine  the  keratin  and
collagen  I  polypeptides  expressed  in  gastric  mucosa
and  gastric  cancer.  We  found  that  the  canceration
of  gastric  epithelia  and  the  infiltration  and
metastasis  of  gastric  cancer  are  closely  related  with
cellular  skeleton  and  extracellular  matrix[1].  The  in
situ  hybridization  (ISH)  technique,  developed  by
Gall  and  Pardue  in  1969[2,3],  has  become  an
essential  tool  for  detecting  the  localization  of
synthesis  and  abundance  of  RNA  transcripts  on
tissue  sections.  With  a  K6  (Mr  56000)  keratin  cDNA
probe  and  a  collagen  I  α1-chain  cDNA  probe,  the
cDNA-mRNA  ISH  technique  was  used  to  study
changes  of  keratin  mRNA  and  collagen  I  mRNA
expression  in  gastric  mucosa  and  gastric  cancer.

MATERIALS  AND  METHODS
Tissue  preparation
Tissue  samples  of  58  cases  of  gastric  cancer  and  40
cases  of  gastric  mucosa  were  obtained  from  fresh
surgical  specimens  at  the  Cancer  Center  of  PLA,
Nanjing  81  Hospital,  Nanjing,  China.  The  samples
for  light  microscopic  ISH  were  immediately  fixed  in
100mL/L  buffered  formalin.  The  samples  for
ultrastructural   ISH   were   fixed   in   PG   fixative
solution.

Probe  preparation
Biotinylated   probes   of   K6   keratin   cDNA   and
collagen  I  α1-chai  n  cDNA  were  prepared  from  the
Pst   I   fragments   cloned   at   plasmid   PBR322
(Amersham).  The  probe  preparation  was  essentially
carried  out  according  to  the  methods  of  Obara  et
al[4,5]  by  randomly  primed  in  vitro  transcription,
with  the  use  of  biotin-11-dUTP  (BRL).

Light  microscopic  ISH
Formalin-fixed,  paraffin-embedded  tissue  sections
were  cut  and  mounted  on  glass  slides  that  had  been
treated  to  inactivate  RNase  and  coated  with  0.05%
polyly  sine  (Sigma).  All  hybridization  procedures
were  tested  according  to  Plummer  et  al[3]  and
Mandry  et  al[6].
        The  sections  were  deparaffinized  in  xylene,
washed  in  alcohol,  and  then  air-dried.  After  washed
in  PBS,  the  sections  were  treated  with  3 mg/L
proteinase  K  ( Sigma )  in  10 mmol/L  Tris-HCl,  pH
7.4,  2mmol/L  CaCl2  for  10 min  at  37 ,   and
washed  in  PBS  containing  0.2%  glycine  followed  by
fixation  in  4%  paraformaldehyde  for  5min  at  37 ,
and  then  dehydrated  and  air-dried.  All  sections
were  covered  with  prehybridization  buffer  (50%
formamide,  2×SSC,  2×Denhardt’s  solution,  10%
dextr  an  sulfate,  500mg/L  herring  sperm  DNA,
500mg/L  yearst  tRNA)  for  60min  at  room
temperature.  The  labeled  probes  were  diluted  to  the
concentration  of  0.5  mg/L  in  the  same  buffer,
heat-denatured  at  100   for  5min.  Each  section  was
overlaid  with  this  hybridization  solution,   covered
with  a  coverslip,  and  then  incubated  overnight  for
24    hours    at    44     in    moist    chamber.
Posthybridization  washing  was  either  with  50%
formamide  in  2×SSC  or  with  1mmol/L-EDTA  in
PBS.  Blo  cking  solution  containing  3%  BSA  and
1mmol/L  EDTA  in  0.1mol/L,  pH  7.4,  TBS  was  used
to  reduce  background  staining,  10min  at  room
temperature,  followed  by  a  brief  washing  in
distilled  water.  Tissues  were  reacted  with  1:20
streptavidin-peroxidase  (Maxim)  in  the  blocking
solution  for  60min  at  37 ,  washed  thoroughly  with
2×SSC  and  0.1mol/L,  pH  7.4,  TBS,  and  revealed
by  the  addition  of  hydrogen  peroxide  and  AEC,
finally  counterstained  with  hematoxylin.
        The  positive  staining  was  classified  into  four
grades: ( - ) no  positive  grains,  ( + / - )  a  few  tiny

1Central Laboratory of Nanjing 81 Hospital, Nanjing 210002, Jiangs u
Province, China
2Department of Radiation Oncology, Nanjing Second Hospital, Nanjing
210003, Jiangsu Province, China
SU Chang-Qing, male, born on 1964-01-27 in Tonghua, Jilin
Province, graduated from Anhui Medical University as a postgraduate
in 1990, Ph.D. of mole cular biology, majoring in mechanism of
tumor infiltration and m etastasis, having more than 50 papers
published.
Project supported by the Military Youth Science Fund of Ch ina, No.
94008
Correspondence to: Dr. SU Chang-Qing, Central Laboratory of
Nanjing 81 Hospital, Nanjing 210002, China
Tel. +86·25·6648090 Ext.241
Email.sucq@jlonline.com
Received 1999-04-28



528                         ISSN 1007-9327           CN 14-1219/ R      WJG       December  1999     Volume 5   Number 6

grains  in  the  cells,  ( + )   many   positive   grains
gathered  to  coarse  grains,  (+  +)  thick  grains  in  the
cells  gathered  to  slices.

Ultrastructural  ISH
The  positive  cases  demonstrated  by  light  microscopic
ISH  on  paraffin  sections  were  chosen  to  be  used  for
ultrastructural  ISH,  including  22  cases  of  gastric
mucosa  and  49  cases  of  gastric  cancer.  The  prepared
samples  fixed  in  PG  fixative  solution  were  washed
in  PBS  containing  5%  sucrose,  cut  into  30µm-50µm
thick  oscillating  sections  and  mounted  on  slides.  The
ultrastructural   ISH   steps,   including   enzymatic
digestion,     denaturation,     hybridization,     and
detection  probe,  were  carried  out  the  same  as  in
light  microscopic  ISH,  with  the  exceptions  of  probe
concentration  of  0.1mg/L  and  streptavidin-peroxidase
working  titer  of  1:100.
        After   the   hybridization   signals   had   been
revealed,  the  sections  were  gently  separated  from
slides  and  carefully  folded  to  tissue  blocks,  followed
by   postfixation   in   1%   osmium   tetroxide.   The
following   procedures,   including   dehydration,
embedded  in  Epon-812,  ultrathin  section  making
and  staining  with  lead  citrate  and  uranyl  acetate,
were  executed  according  to  the  conventional  steps
of  diagnostice  lectron  microscopy.  Finally,  the
hybridization  signals  were  observed  under  H-300
transmission  electron  microscope.

Negative  controls
Negative  controls  included  the  sections  digested
previously  with  RNase  A  (Sigma)  and  the  sections
incubated  in  prehybridization  solution  without
probes,   all   of   which   had   undergone   the
simultaneous  ISH  processes.

RESULTS
Distribution  of  keratin  mRNA
Under  light  microscopy,  different  extent  of
hybridization  signals  was  found  in  22  of  40  cases  of
gastric  mucosa,  and  positive  grains  were  found  in  49
of  58  cases  of  gastric  cancer.  The  gastric  epithelial
cells  positive  for  keratin  mRNA  were  scattered  in
mucosal  glands,  especially  in  the  bases  of  glands.
The  hybridization  grains  were  tiny  and  dense  in
cytoplasm.   Keratin   mRNA   in   cancer   cells
increased,  the  quantity  and  distribution  of  positive
grains  were  related  to  the  histological  type  and
differentiation    of    cancer    cells.    In    well-
differentiated  cancer,  the  grains  in  cancer  cells  were
thick  and  coarse,  while  in  poorly-differentiated
cancer,  the  positive  grains  distributed  in  all
cytoplasm  matrix  and  always  gathered  to  form  slices
(Figure  1).
       Ultrastructurally,   8   cases  showed  positive
reaction  in  22  cases  of  gastric  mucosa,  and  21  cases

positive  signals  were  found  in  21  of  49  cases  of
gastric  cancer.  The  positive  grains  in  the  epithelia
were  tiny  and  distributed  in  cytoplasm,  especially
more  around  nuclei  (Figure  2).  In  cancer  cells,
keratin  mRNA  positive  grains  increased  and
appeared  in  two  forms,  one  was  tiny  grains  gathered
in  certain  sites  of  cytoplasm  and  distributed
irregularly,  most  of  which  came  out  in  poorly-
differentiated  cancer  cells;  the  other  was  coarse
grains  scattered  evenly  in  cytoplasm,  which  mostly
emerged  in  well  differentiated  cancer  cells  (Figure
3).  The  sections  of  cancer  tissue,  through  the
treatment  of  RNase  A  before  ISH,  had  few  tiny
grains  in  cytoplasm  of  cancer  cells.

Expression  of  collagen  I  mRNA
Collagen  I  mRNA  positive  reaction  was  localized
in   the   cytoplasm   of   mesenchymal   cells,   like
fibroblasts  in  mucosal  and  cancer  stroma.  The
reaction  in  mucosal  mesenchymal  cells  showed  dense
black  staining.  In  the  stroma  of  well-differentiated
cancer,  the  positive  cells  distributed  around  or  in
the  cancer  nests  dispersively,  most  cells  had  coarse
and  thick  grains  and  some  cells  only  had  a  few  tiny
grains  (Figure  4).  In  poorly-differentiated  cancer,
collagen  I  mRNA  reaction  distributed  irregularly
in  fibroblasts  was  dense  and  looked  like  the  form  of
dust.
        Comparison  of  mRNA  expression  in  gastric
mucosa  and  gastric  cancer  is  shown  in  Table  1.

Table 1 Comparison of keratin mRNA and collagen I mRNA
expression

Staining        Keratin mRNA           Collagen I mRNA
grade

Mucosa Cancera          Mucosa        Cancer

-    18                       9 19        25
+/-    10    23 12        18
+                            7    12                    5                  9
++                          5    14                    4                  6
Total    40    58 40        58

aP<0.05 vs mucosa group.

Figure 1  Poorly-differentiated carcinoma, keratin mRNA positive
grains increased and distributed in cytoplasm. ×400
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Figure 2 Normal gastric mucosa: the positive grains for keratin
mRNA in the epithelial cell were tiny and distributed around
nucleus. ×15000
Figure 3 Well-differentiated adenocarcinoma: coarse grains for
keratin mRNA increased and scattered evenly in cancer cell
cytoplasm. ×1500
Figure 4 Well-differentiated adenocarcinoma: collag en I mRNA
positive grains appeared in mesenchymal cells. ×200

DISCUSSION
In  the  past  experiments,  immunohistochemistry  was
used  to  localize  cellular  skeleton  and  extracellular
matrix  at  gene  product  levels.  But  it  is  unable  to
differentiate  active  production  of  proteins  on  site
from  proteins  stored  in  passive  cells[4].  A  valuable
alternative  is  the  detection  of  mRNAs  by  ISH  which
can  identify  specific  cell  types  actively  transcribing
specific  genes.  With  the  use  of  K6  keratin  cDNA
probe  and  collagen  I  α1-chain  cDNA  probe,  the
detection  of  specific  mRNAs  by  ISH  was  applied  to

the  study  of  their  changes  in  gastric  mucosa  and
gastric  cancer.  On  paraffin  sections,  the  expression
of  keratin  mRNA  and  collagen  I  mRNA  in  target
cells  was  directly  observed,  and  on  ultrathin
sections,  keratin  mRNA  positive  reaction  was
observed  under  electron  microscope.  But  on  sections
that  had  been  treated  with  RNase  A  before  ISH  and
hybridized  without  probes,  no  obviously  positive
reaction   grains   were   found.   The   results
demonstrated    that   the   hybridization   signals
originated  from  RNA.  The  technique  of  pre-
embedding   hybridization   and   tissue   section
posthybridization    treatment,   is   a   new   pre-
embedding    method    for    ultrastructural   ISH.
Although   pre-embedding   technique   has   the
disadvantages  of  loss  of  ultrastructural  membrane
detail   and   potential   loss   of   label   during   the
embedding  procedure,  it  is  sufficient  to  localize
mRNA   ultrastructurally   and   to   study   the
transcription  and  expression  of  genes.
        The  keratin,  characteristic  of  epithelial  cells,
represents  a  complex  family  of  19  different
components  with  molecular  weights  varying  from
Mr4000  0  to  Mr67000.  Because  individual  keratin  is
synthesized  from  d  ifferent  mRNA,  the  transcript
level  of  specific  keratin  reflects  changes  in  the
expression  of  the  genes,  cDNA  probes  for  various
keratin  mRNAs  from  various  spec  ies  have  been
produced.  With  K6  keratin  cDNA  probe,  which  has
been  shown  to  be  complementary  to  the  mRNA  for
the   Mr56000   keratin   and   to   share   significant
homology  with  the  mRNA  for  Mr58000  keratin[4],
the  positive  hybridization  signals  appeared  clear  in
gastric   mucosa   and   gastric   cancer.   The
hybridization  grains  in  epithelia  were  tiny  and
distributed  around  nuclei,  and  the  grains  in  cancer
cells  increased  (P<0.05),  often  gathered  to  coarse
grains  or  slices,  and  distributed  heterogeneously,
especially  in  poorly-  differentiated  cancer  cells.  The
results,      unanimous      with      that      of
immunohistochemistry[1],  demonstrated  further  that
the  increase  of  keratin  in  cancer  cells  is  due  to  its
active  synthesis  in  cancer  cells.  This  ability  to
synthesize  cellular  skeleton  protein  is  related  to  the
active   reproduction   and   strong   motility.   The
positive  rate  of  keratin  mRNA  by  ISH  in  gastric
mucosa  and  cancer  was  lower  than  that  of  keratin  by
immunohistochemistry[1],    due    to    loss    of
hybridization    information   during    the    sample
treatment  and  weakness  of  gene  expression  in  some
cells.
       Collagen   I,   one   of   extracellular   matrix
components,  mainly  arises  from  mesenchymal  cells.
A  few  investigators,  with  immunohistochemistry
and  ISH,  described  that  epithelial  tissue  and  cancer
cells,  such  as  hepatocytes  and   hepatocarcinoma
cells,  can  produce  collagen  I[7].  With  the  use  of
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collagen  I  cDNA  probe,  we  found  that  collagen  I
mRNA  was  expressed  only  in  mesenchymal  cells.
Further  study  will  prove  whether  this  is  related  to
the  difference  of  probes  or  not.  In  gastric  cancer
stroma,  the  hybridization  grains  were  thick  and
dense  in  mesenchymal  cells  which  were  distributed
around  or  in  the  cancer  nests.  The  active  synthesis
of  collagen  I  plays  an   important   role   in   the
formation  of  fibrous  capsule  around  cancer  nests
and  in  the  inhibition  of  cancer  cell  infiltration  and
metastasis.  During  the  process  of  cell  canceration
and  cancer  infiltration  and  metastasis,  some  changes
will  occur  in  extracellular  matrix  including  collagen
I,  possibly  due  to  the  changes  of  synthesis  and
degradation  of  these  components  [1,8].  In  our  current
study,  the  expression  of  collagen   I   in   cancer
stroma  had  no  obvious  changes  compared  with  that
in  gastric  mucosa  (P>0.05),  so  that  we  believe
that  the  degradation  yielded  by  cancer  cells  is  an
essential  factor  in  the  changes  of  extracellular
matrix.  This  degradation  is  of  great  impo  rtance  to
the  infiltration  and  metastasis  of  cancer  cells.
      Finally,  the  changes   in   the   biological
characteristics  of  gastric  cancer  are  due  to  the  effect
of  cellular  skeleton  and  extracellular  matrix.  The
increase  of  keratin  synthesis  and  the  ability  of
extracellular  matrix  degradation  in  cancer  cells  are
the  key  mechanism  of  cancer  infiltration  and

metastasis.  The  ISH  technique  has  been  proven  to
be  a  powerful  tool  in  situ  gene  expression  in
individual  cell.  Further  study  of  other  cellular
skeleton  and  extracellular  matrix  compo  nents  is  in
progress.
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INTRODUCTION
Epstein-Barr   virus  ( EBV ),   a   gammaherpesvirus,
has  been  strongly  associated  with  African  Burkitt’s
lymphoma  and  nasopharyngeal  carcinoma.  Recently
it  has  been  identified  in  lymphoepithelioma-like
carcinoma  of  thymus,  tonsil,  lung  and  in  some
gastric  carcinoma[1-4].  The  development  of  very
sensitive  methods  for  detection  of  EBV  infection  in
archival  pathologic  tumor  sections  has  allowed  us  to
study  the  association  of  EBV  with  gastric
adenocarcinomas  by  using  In  situ  hybridization  with
EBER-1   oligoprobes   and   immunohistochemistry
with  anti-LMP1  antibodies.

MATERIALS  AND  METHODS
Materials
Cases  were  selected  from  a  series  of  primary  gastric
carcinomas   collected   at   the   Department   of
Pathology,  Fujian  Medical  University,  Fuzhou,
Fujian.  The  specimens  included  58  primary  gastric
carcinomas,  5  chronic  peptic  ulcer  and  10  additional
specimens  of  normal  gastric  mucosa  obtained  from
postmortem     patients    without    gastrointestinal
disease.  Formalin-fixed,  paraffin-embedded  tissues
were  prepared  for  light  microscopic  examination.

Method
In  situ  hybridization  The EBV  sequence,  EBER-1,
was  detected  with  a  complementary  digoxigeninlated
30  -base    oligomer    using    a    procedure  proviously
described[5].  A  blue-brown  or  brown  color  within

the  nucleus  over  background  levels  was  considered
positive.  In  each  case,  hybridization  was  applied  to
section  that  contained  both  neopla  stic  and  adjacent
non-neoplastic  mucosa.
      A   known   EBV-positive   nasopharyngeal
carcinoma  served  as  positive  control  and  In  situ
hybridization  without  EBER  probe  was  taken  as
negative  control.

Immunohistology
Paraffin-embedded   sections   were   stained   with
monoclonal   antibodies   (  CS1-4,   DAKO  )   to
evaluate  the  expression  of  LMP-1.  Immunostaining
was   performed   with   the   avidin-biotin   complex
(ABC)  method  as  previously  described.  For  these
antibodies,  the  method  of  antigen  retrieval  was  used
by  microwave  oven  pretreatment  in  place  of
proteolytic  digestion  before  immunostaining.  LMP-1
positive  nasopharynge  al  carcinomas  were  used  as
positive  controls.

RESULTS
Clinical  data  and  histological  subtype
The  age  range  of  patients  was  37-74  years,  with  a
median  age  of  54.5  years.  Fifty  patients  were  males
and  8  were  females,  the  ratio  of  males  to  females
being    6.3:1.    Among    the    58    gastric
adenocarcinomas,  22  were  poorly-diffe  rentiated,  18
tubular,  10  mucinous,  7  signet-ring  cell  carcinoma,
1  papillary  a  denocarcinoma.

EBV  gene  expression
EBER-1  expression  In  situ  hybridization,  signals
were  stro  ng  and  limited  to  the  nucleus  of  carcinoma
cell (Figure  1).  A  blue-  brown  or  brown  color  was
considered  a  positive  signal.  Six  cases  ( 10.3% )
showed  EBER-1  exp  ression,  including  5-poorly-
differentiated  and  1  papillary  adenocarcinoma.  In
positive  cases,  virtually  all  malignant  cells  were
strongly  labeled  with  EBER  pro  bes,  while  the
infiltrating  lymphocytes,  blood  vessels  and  smooth
muscle  were  EB  ER-1  negative.  No  EBER-1  signals
were  observed  in  adjacent  non-neoplastic  epithelial
cells,  dysplastic  epithelial  cells  and  normal  gastric
mucosa.

LMP-1  expression  No  expression  of  LMP-1  was
seen  in  both  EBER-1  positive  and  negative cases.
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Figure 1 EBER-1 expression in nuclei of essentially all gastric
malignant cells. ×200

DISCUSSION
EBER-1  is  EBV  encoded  small  RNA,  of  which  high
levels  expression  can  be  up  to  106-107  copies  per
cell  exceeding  DNA  in  EBV-infected  cell.  EBER
oligoprobe  may  combine  with  EBER-1  enabling  for
detecting  EBV  on  paraffin-embedded  tissues  using
non-isotopic  labeling  and  In  situ  hybridization
technique  which  are  now  considered  the  most
sensitive  methods.
          EBV  is  an  oncogenic  virus  which  has  neoplastic
transforming  properties.  The  incidence  of  EBV
infection  is  high  in  Chinese  population  especially  in
east  and  south  China.  In  the  current  study,  we  had
demonstrated  the  presence  of  viral  RNA  in  10.3%
of  our  cases  of  gastric  carcinomas  by  this  method.
The  frequency  of  EBV  gene  expression  in  gastric
malignant  epithelium  in  Fuzhou  was  higher  than
that  (1.6%  to  6.1%)  reported  in  Changsha  and
Shenyang[6].  Our  study  suggested  that  the  frequency
of  EBV  infection  was  different  in  different  regions
of  China.
         The  presence  of  EBV  in  neoplasms  seemed  to
be  related  to  the  histological  subtype  of  neoplasms.
Raab-Traub  et  al[7],  found  EBV  in  undifferentiated
and    poorly    differentiated    nasopharyngeal
carcinomas,  which  generally  contained  a  relatively
large  number  of  EBV  genome  equivalents.  In
Hodgkin’s  disease,  presence  of  EBV  was  often  in
mixed  cellularity  ( HD-MC,  91% )  and  nodular
sclerosis  (HD-NS,  43%)  subtypes[8].  In  our  study,
most   of   the   EBV-postive   cases   were   poorly

differentiated  gastric  carcinomas.  The  relation
between  EBV  infection  and  poorly  differentiated
carcinomas  is  unknown.  Many  believed  that  EBV
virus   might   multiply   easier   in   the   poorly
differentiated    carcinoma,    EBV    genome
amplification  favored  growth  of  malignant  cells,
promote  infiltration  and  metastasis[7]  .  We  failed  to
detect  LMP-1  expression  in  this  tumor  due  to  the
methylation  of  coding  and  regulatory  regions  of  this
protein[9].
         Shibata  et  al[10] and  Gulley  et  al[11],  found  that
the  EBER-1  was  present  in  dysplastic  epithelium  of
gastric  mucosa  before  malignancy  transformation.
But  our  result  showed  no  EBER-1  expression  in  the
adjacent  non-neoplastic  epithelium,  dysplastic  cells
and  normal  gastric  mucosa.  Finally  low  frequency
of  Eps  tein-Barr  virus  in  gastric  carcinoma  suggests
that  EBV  does  not  play  any  import  ant  role  in  the
pathogenesis  of  gastric  carcinoma.
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INTRODUCTION
Messenger  RNA  differential  display  technique,
developed  by  Dr.  Liang  in  1992[1],  is  a  powerful
new  tool  for  identifying  and  cloning  differentially
expressed  genes  in  a  certain  type  of  cell  line,  tissue
or  a  special  developing  stage.  Using  this  method,
large  amounts  of  molecular  biological  information
can  be  obtained  easily  and  quickly.  In  our  study,
this  technique  was  used  to  compare  genes  expressed
differentially  between  normal  colon  mucosa  and
colon  carcinomas,  in  order  to  understand  the
molecular  biological  basis  of  colon  cancer.

MATERIALS  AND  METHODS
Samples
Fifteen  samples  of  colon  carcinoma  were  obtained
from  radical  colectomy,  samples  of  normal  colon
mucosa  were  obtained  8 cm - 10 cm   apart   from
colon  carc  inoma.

Reagents
Guanidine  thiocyanate  and  β-mercaptoethanol  were
purchased  fro  m  BRL  (America);  T12MN  primer
and  AP  primer  were  presented  by  the  National
Laboratory  for  Oncogene  and  Related  Genes,
Shanghai  Cancer  Institute.

Experimental  procedures
RNA  preparation  Total  RNA  was  isolated  from

normal  colon  mucosa  and  colon  carcinoma  using
single-step   method   of   guanidine   thiocyanate
described  by  Chomczynski[2,3],  some  steps  had   been
modified.

Reverse  transcription  DNA-free  RNA  was  reversely
transcribed  using  the  oligo-dT  primer  T12MN  in  the
presence  of  [γ-32P]dATP.

PCR  amplification  Using  cDNA  products  as
temples,  PCR  reaction  s  were  performed  in  the
presence  of  [γ-35S]  dATP,  the  primer  combination
was  T12MN  and  AP.  Following  denaturation  for  30
seconds  at  94 ,  the  PCR  steps  consisted  of  30
seconds  at  94 ,  2  minutes  at  40 ,  30  seconds  at
72   for  40  cycles,  followed  by  5  minutes  at  72 .
Amplified  PCR  products  from  normal  colon  mucosa
and  colon  carcinomas  were  separated  side  by  side  on
a  7.5 M  urea/6%  polyacrylamide  gel.

Recovery  of  differentially  expressed  bands  After
autoradiograp  hy,  the  cDNA  bands  representing
differently  expressed  mRNAs  were  excised  from  the
gel.   For    each    band,    extracted    cDNA    was
reamplified  for  30  cycles  with  the  same  primers  and
the  same  PCR  conditions  used  in  the  initial  PCR,
except  that  no  radioactive  dNTP  was  included.
After  PCR,  the  product  was  run  on  1.5%  low  melt
agarose  gel  and  stained  with  ethidium  bromide.

Northern  blot  analysis  PCR  bands  of  the  expected
size  were  cut  from  the  gel,  purified  and  used  as
probes.  DNA  probes  were  radio-labeled  by  the
random  prime  labeling  method,  hybridized  with
RNA  from  pre  samples  and  other  RNA  samples
respectively.

RESULTS
Total  RNAs  from  normal  colon  mucosa  and  colon
carcinomas  were  isolated  using single-step method  of
guanidine  thiocyanate,  then  reversely  transcribed
into  first  string  of  cDNA,  T12MA,  T12MC,  T12MT
and   T12MG   were   used   as   oligo-dT   primer
individually.  The  result  of  alkaline  denatured
electrophoresis  indicated  that  cDNA  molecules  were
in  the  range  of  0.5kb-5kb.  cDNAs  were  amplified
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by  PCR  reaction  using  the  primer  combination.  T12

MN  and  AP2,  AP4,  PCR  products  were  separated  by
6%  polyacrylamide  gel  electrophoresis.  Fourteen
bands  were  obtained  which  were  differentially
displayed  between  normal  colon  mucosa  and  colon
carcinoma.  Eight  bands  (T1-T8)  were  highly
expressed  in  carcinomas,  and  the  other  6  bands  were
expressed  only  in  normal  tissues.  T1  band  was
verified  to  be  highly  expressed  in  tumor,  but  had  no
expression  in  normal  tissues  by  Northern  blot.  This
cDNA  band  would  be  used  for  cloning  and
sequencing.

DISCUSSION
The  technique  of  mRNA  differential  display,  by
means  of  combinating  T12MN  and  arbitrary  primer
AP,  can  detect  all  expressed  genes  in  mammalian
cells  and  recover  their  molecular  biological
information.  These  cDNA  fragments  can  be  used  as
probes  to  isolate  target  genes  from  genomic  DNA
or  cDNA  library  for  intensive  molecular  biological
identification.  The  technique  has  several  advantages
over  other  methods,  such  as  simplicity,  sensitivity,
reproducibility,  versatility  and  speed,  so  that  it  has
been  used  in  researches  of  many  diseases,  especially

in  molecular  biological  study  of  malignant  tumors.
We  screened  14  cDNA  fragments  by  means  of
mRNA  DD,  one  of  these  bands  (T1)  was  highly
expressed  in  the  colon  carcinoma  which  was  used  for
differential  display.  Using  T1  band  as  probe,  we
found  that  it  was  also  highly  expressed  in  many
other  colon  carcinomas  ( 12/15 ).  In  the  further
study,  this  DNA  fragment  can  be  used  for  cloning
and   sequencing.   Checking   the   database   of
Genebank,  if  the  sequence  of  this  cDNA  band  has
no  homology  to  the  sequences  of  other  nucleic  acids,
it  can  be  considered  as  partial  cDNA  fragment  of
a  new  colon  carcinoma-related  gene.  By  screening  the
genomic  DNA  or  a  certain  cDNA  library,  the  full-
length  cDNA  can  be  cloned,  which  may  be  helpful
in  the  study  of  the  molecular  biology  of  colon
carcinoma.
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INTRODUCTION
Telomerase  is  a  special  reverse  transcriptase  which
consists  of  a  template  RNA  and  protein,  and  uses
the  RNA  template  to  catalyze  the  addition  of
telomeric   DNA   to   chromosome   ends[1-5].   The
enzyme  is  active  in  adult  male  germ-line  cells,
embryonic  cells  and  hemopoietic  stems,  but  is
undetectable  in  normal  somatic  cells  except  for
proliferative  cells  of  renewal  tissue,  e.g., activated
lymphocytes,  basal  cells  of  the  epidermis  and
intestinal   crypt   cells,   whereas   in   almost   all
malignant  tumor  cells  and  immortal  cell  lines,
telomerase  activity  has  been  measured.  Thus,  it  is
believed  that  activation  of  telomerase  is  closely
as  sociated  with  genesis  and  development  of
malignant  tumors.  Most  studies  to  date  have
measured  telomerase  activity  by  telomeric  repeat
amplification  protocol  ( TRAP )  in  heterogeneous
tissue   extracts[1,3-5].   With   the   introduction   of
sensitive  TRAP,  telomerase  has  been  reported  to  be
detectable  in  small  tissue  samples  from  almost  all
tumors  and  tumors-derived  cell  lines.  It  is  not
known  if  all  cells  within  a  tumor  have  telomerase
activity  or  if  only  a  subset  does.  It  is  necessary  to
develop  an  in  situ  assay  for  detecting  telomerase
activity  levels  in  cytological  and  tissue  samples.
Ohyashiki[2]reported  an  in  situ  assay  for  telomerase
activity  by  in  situ  PCR  with  fluorescence  TS  and
CX  telomerase  primers  to  detect  telomerase  activity
of  cultured  cells  and  free  cells,  but  the  attempts  to
use  in  situ  PCR  telomerase  assay  on  frozen  sections
of  pathological  materials  were  unsuccessful.  Now
we  report  an  improved  in  situ  telomerase  activity

assay  on  the  basis  of  TRAP,  which  is  very  easy  to  be
performed.  A  stable  result  can  be  gained  on  frozen
sections  of  tumor  tissue.

MATERIALS  AND  METHODS

Samples  and  reagents
Twenty-four  hepatocellular  carcinoma  (HCC),  20
colorectal  carcinoma  (CRC)  and  18  nasopharyngeal
carcinoma   ( NPC )  tissues  were  obtained  from
patients  in  Xiangya  Hospital  and   the   Second
Affiliated  Hospital  of  Hunan  Medical  University,
Changs  ha,  People’s  Republic  of  China.  Each  tissue
was  divided  into  2  pieces.  One  piece  was  fixed  in
100 mL/L  formalin  and  embedded  in  paraffin  for
pathological  diagnosis,  the  other  was  soaked  in
liquid  nitrogen,  and  preserved  at  -76 .
      In  situ  TRAP  kit  was  purchased  from
Department   of    Pathology,   Beijing   Medical
University  (P.R.China).  SP  detection  kit  and
development  kit  were  from  Maixing  Comp  (Fuzhou,
P.R.China).  RNase  was  the  product  of  Sino-
American  Ltd  (Shanghai,  P.R.China).

Methods-In  situ  telomerase  activity  labeling
Six  ìm  frozen  tissue  sections  were  cut  by  freezing
microtome  (Leica,  Germany)  and  the  slides  treated
by  poly-lysine  were  mounted,  and  detected  for  in
situ  telomerase  activity.Briefly,  each  section  was
added  20 µL  telomerase  reaction  mixture  containing
up-stream  primer  TS  (5’AATCCGTCGAGCA-
GAGTT-3’)  0.5 µL,  down-stream  primer  CX  (5’-
CCCTTACCCTT  ACCCTTACCCTTA-3’)  0.5 µL,
2 mM  biotin-dNTP  2 µL,  2×buffer  A  5 µL,  10×buffer
B  µL  and  H2O  11 µL,  coverslips  were  sealed.
They  were  then  incubated  at  30   for  60 min,
rinsed  with  0.01 M   PBS   for   3   min,   fixed   by
40 g/L   paraformaldehyde   for   15 min,   rinsed   with
0.01 M  PBS  for 2×3 min, submerged  into  800 mL/L
ethanol  for  2 min  and  dried,  dealt  with  2%  H2O2  for
20 min  to  block  endoperoxidase,  rinsed  with  0.01 M
PBS  for  2×3 min,  blocked  by  normal  goat  serum  for
60 min,  incubated  by  peroxidase-streptavidin  at  37 
for  60 min,  rinsed  with  0.01 M  PBS  for  3×5 min,
developed  with  DAB,  and  then  counterstained  with
hematoxylin.
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In  situ  TRAP
In  situ  telomerase  activity  was  also  detected  by  in
situ  TRAP.  The  proce  dure  was  as  follows:  6 µm
frozen  sections  were  dripped  with  20 µL  mixture
(primer  TS  0.5 µL,  2×buffer  A  5ìL,  H2O  14.5 µL),
incubated  at  30   for  60 min,  rinsed  with  0.01 M
PBS  for  3 min,  fixed  by 40 g/L  paraformaldehyde  for
10 min,  rinsed  with  0.01 M  PBS  for  3 min,  digested
with 25 mg/L  proteinase  K  at  37  for 10 min,  washed
with  0.01 M PBS  for  2×3  min,  soaked  in  800 mL/L
ethanol  for  2 min  and  dried,  dripped  with  PCR
mixture  (primer  TS  and  CX  0.5 µL  respectively,
2 mM  biotin-dNTPs  2 µL,  10×buffer  B  1 µL,  Taq
polymerase  2 U  and  H2O  15 µL),  added  coverglasses
and  sealed  with  liquid  paraffin,  and  amplified  by
PCR  (PCR  conditions  were  35  cycles  at  95   for
1min,  at  50   for  1min,  at  72   for  1 min)  on
Ericomp  Thermocycler  (Ericomp  Ltd  Comp.
America),  washed  by  chloroform  and  absolute  ethanol
for  5min  respectively  to  scavenge  the  liquid  paraffin
and  the  coverglasses,  washed  with  0.01 M  PBS  for
4×5 min,  blocked  by  normal  goat  serum  at  37   for
60 min,  dripped  with  ABC  reagent  and  incubated  at
37   for  1h,  rinsed  with  0.01 M  PBS  for  3×5 min,
developed  by  DAB,  and  counterstained  with
hematoxylin.

Negative  control
Distilled  water  replaced  primer  TS  and  CX  in
reaction  mixture  or  biotin-dNTPs  in  PCR  miture.
The  sections  were  digested  by  RNase  at  37   for
60 min  to  remove  te  lomerase  RNA  templates.  The
sections  were  heated  at  95   for  10min  to  inactivate
telomerase.

Positive  control
Positive  sections  in  the  kit  were  used  for  positive
control.

RESULTS
Detection  of  telomerase  activity  in  HCC,  CRC
and  NPC  tissues
We  first  tested  in  situ  labeling  to  detect  telomerase
activity  in  HCC,  CRC  and  NPC  tissues.  Cancer  cells
contained  detectable  levels  of  telomerase  activity.
Positive  signals  of  telomerase  activity  in  HCC  were
almost  in  nuclei  (Figure  1),  a  few  in  cytoplasm.
Distributions  of  the  positive  cells  were  clustered  or
diffused  in  HCC.  Weaker  telomerase  activity  was
also  detected  in  cytoplasm  and  nuclei  in  liver  tissues
surrounding  HCC,  and  mainly  localized  in  nuclei  of
hepatocytes  near  cancer  tissues,  and  positive  cells
were  small  patchy  or  clustered  (Figure  2).  In  CRC,
positive  signals   of   telomerase   activity   were
principally  localized  in  nuclei,  and  much  weaker  in
cytoplasm.  In  NPC,  the  telomerase  activity  was
detected  in  nuclei  (Figure  3).  Distributions  of

positive  cells  were  small  nested  or  patchy  in  shape.
        Positive  results  for  telomerase  activity  were
obtained  from  positive  control  group,  and  negative
results  from  negative  control  groups.

Comparison  of  results  obtained  by  two
methods
When  our  improved  method  was  used  to  detect  in
situ   telomerase   activity,   its   positive   signal
localization,    intensity     and    character,    and
distribution  of  positive  cells  were  very  similar  to  the
results  by  in  situ  PCR-TRAP  with  much  better
morphosis  preservation  and  background  of  tissues.

Figure 1 Positive signal of telomerase activity localized in nuclei of
HCC. In situ labeling, ×400
Figure 2 Weak positive signal of telomerase activity in liver tissue
surrounding HCC in nuclei and cytoplasm of hepatocytes. In situ
labeling, ×400
Figure 3 Nuclear positive signal of telomerase activ ity in NPC. In
situ labeling, ×400
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DISCUSSION
Telomerase  is  a  specific  reverse  transcriptase  which
utilizes  its  own  RNA  as  a  template  to  catalyze
synthesis  of  telomere[1-5].  According  to  molecular
biological  theory,  if  the  telomerase  is  active,  it  can
synthesize  cDNA  by  adding  the  primers  and  dNTPs
under  suitable  condition.  Because  dNTPs  used  to
synthesize  cDNA  are  labeled  with  biotin  which  has
an  affinity  for  streptavidin-peroxidae,  and  when
developed  by  DAB,  the  telomerase  activity  can  be
detected.  Affinity  reaction  of  streptavidin  with  biotin
can   amplify   positive   signals,   therefore   PCR
amplif  ication  procedure  may  be  omitted  for  in  situ
detection  of  telomerase  activit  y.  Thus,  the  method
for  in  situ  detection  of  telomerase  activity  is  very
simple  and  particularly  successful  on  frozen  sections
of    pathological    materials.    Morphological
preservation  and  background  of  tissue  sections  are
much  better.
        According  to  the  data,  in  order  to  achieve
satisfactory    results    during    experiment.    The
following  points  are  worth  notice:    Coverglasses,
tips,  forceps  and  distilled  water  must  be  sterilized
by   high   temperature;     After   sections   were

incu  bated  with  reaction  mixture,  the  sections  should
not  be  rinsed  too  long,  and  intensity  should  not  be
too  strong,  otherwise,  synthetic  cDNA  by  reverse
transcription  is  easy  to  be  washed  away,  resulting  in
false  negative,  because  cDNA  is  not  fixed  and  fast
adhered  to  the  sections;    The  slides  must  be
treated  with  poly-lysine  to  avoid  separation  of  the
sections  from  slides.
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INTRODUCTION
Primary  intestinal  B  cell  lymphoma  is  one  of  the
most   common   extra-nodal   lymphomas,   which
includes   two   types:   intestinal   mucosa-associated
lymphoid  tissue  lym  phoma  ( IMALToma )  and
lymphomatous   polyposis   ( LP ).   Both   have
characteristic   pathologic   features,   immunophen-
otypes  and  biological  behaviors.  In   this   article,
twenty-five  cases  were  retrospectively  analyzed  with
regard  to  criteria  of  diagnosis  and  clinicopathologic
characteristics.

MATERIALS  AND  METHODS
Methods
All  25  tissue  specimens  obtained  from  surgical
operation,  were   embedded   in   paraffin,   sectioned
and    stained    by    haematoxylin-eosin    and
immunohistochemical  stains  ( ABC  method ).  The
first   antibody   ( CD20,  CD45,  CD45R0,  CD68,  CD30,
K,   λ,   IgG,   IgM,   IgA,   IgD   and   bcl-2 ),  second
an  tibody  and  ABC  Kit  were  produced  by  Dako  and
Vector  Co.PBS  buffer  solution  was  substituted  for
the  first  antibodies  as  the  negative  control,  whereas
the  lympho  ma  cases  were  used  for  positive  control.

Clinical  data
There  were  21  cases  of  IMALToma,  in  which  16
were  males  and  5  females,  age  ranged  9-70  years,
mean  age  39.6  years.  Location  of  tumors,  10  were
situated  in  ileum,  2  at  jejunum,  6  in  colon,  1  at
rectum  and  2  in  both  ileum  and  colon;  there  were
4-cases  of  LP,  3  men  and  1  woman,  age  30-47

(average  38.8 )  years,  all  were  located  at  the
terminal    ileum.    Clinical    manifestations    of
IMALToma  were  similar  to  LP  with  abdominal  pain
and  mass,  melena  and  mucous  stool,  intestinal
intussece  ption  and  intestinal   obstruction,   fever,
loose  bowel  movement.

Pathological  data
Macroscopically,   the   IMALToma   could   be
categorized   into   mushroom,   constrictive   and
ulcerative  types;  the  size  of  tumor  varied  from  2 cm
×1 cm × 1 cm  to  20 cm × 10 cm × 3.5 cm.  Sixteen
cases  had  single  nodule,  five  were  multiple.  The
lymphomatous  cells  infiltrated  in  the  mucosa,  sub-
mucosa  and  muscular  layer  diffusely  or  focally.
Lymphoid  follicles  were  seen  in  7  cases.  In  9  cases,
the  germinal  centers  were  partly  or  entirely  replaced
by  lymphoma  cells.  Dendritic  cells  and  macrophages
with   chromophilic   bodies   disappeared.   This
phenomenon  is  called  follicular  colonization  ( FC ).
9  cases  showed  lymphoepith  elial  lesion  (LEL)  in
which  there  were  clusters  of  lymphomatous  cells
infiltrate  d  focally  at  the  surface  epithelium  and/or
glands  (Figure  1).  The  glandular  epithelia  were
destroyed.  The  neoplastic  cells  presented  a  serial
cell  lineage  of  small  lymphocyte,  centrocyte-like
cell  (CCL),  monocyte-like  B  cell  (MCB)  and
lymphoplasma  cell  (LPC),  and  also  centroblast  like
cells  (CBL).  All  these  cells,  several  kinds  were  in
a  mixed  distribution,  but  usually  one  kind  was
predominant.    IMALToma    was    divided    into
following  subtypes:

   CCL  subtype  seen  in  11  cases.  The  tumor
cells  were  medium  and  small  in  size,  with  less
cytoplasm,  irregular  and  angular  nuclei  of  dark
staining,  which  looked  like  centrocytes.
           MCB  subtype  seen  in  4  cases.  The  tumor
cells  were  of  medium  size,  their  cytoplasm  was
abundant,  lightly  stained  and  clear.  The  nuclei  were
round,   with   visible   nuclear   membrane,   fine
chromatin  and  small  nucleoli.
           LPC  subtype  seen  in  2  cases.  The  cytoplasm
tumor  cells  looked  like  plasma  cells  and  nuclei  like
small  lymphocytes.  The  cytoplasm  was  abundant
and  stained  red,  in  some,  the  cytoplasm  contained
immunoglobulin  inclusions.  The  nuclei  of  tumor
cells  were  round,  dark  stained,  similar  to  small
lymphocyte.
          CBL  subtype:  CBL  cells  were  more  than
50%  in  four  cases,  medium  size  with  light  stained
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cytoplasm  and  round  vacuolated  nuclei,  and  1-3
basophilic  nucleoli  nearby  the  nuclear  membrane.
CBL  cells  were  focally  distributed  with  a  few  CCL
cells  scattering  or  clustering  around  the  CBL  cells.
Transition  could  be  shown  between  CBL  and  CCL
cells.  Mitoses  were  easily  found,  especially  the
pathologic  mitoses.

Figure 1 In IMALToma CCL cell infiltrated and destro yed glands
forming the lymphoepithial lesion, HE stains. ×100
Figure 2 In LP, mantle cells increased in layers and infiltrated into
germinal centers, dendritic cells and the macrophages with
chromophilic bodies were replayed entirely.
Figure 3 In IMALToma, lymphoplasmatic cells infilt rated
mucosa membrane, in which the CD20 was positive, ABC method.
×100

         In  the  above  3  subtypes,  14  with  few  or  none
of  CBL  cells  were  low-grade  malignant.  Another  2
of  CCL  type  and  1  MCB  type  was  low-grade
malignant  but  with  high-grade  malignant  component,
of  which  the  proportion  of  CBL  cells  was  more
than  25%.  Four  CBL  types  having  more  than  50%
CBL  cells  were  highly  malignant.  Lymph  node
metastases  were  seen  in  3  of  14  cases  of  low
grade  malignancy,  2  low  grade  malignancy  with
high-grade  malignant  component  and  4  high  grade
malignant  IMALToma.
       Four  cases  of  LP  were  located  at  terminal
ileum  within  the  range  of  20cm-40cm.  They  were
hundreds  stalkless  polyps,  varied  from  millet  to
broad  bean.  Three-fourth  were  mushroom-like  or
narrow  masses,  which  were  1 cm × 1 cm × 1 cm-6
cm×4 cm×2.5 cm  in  size;  with  ulceration  on  the
surface.  Histologically,  the  lymph  follicles  were
surrounded  by  numerous  layers  of  lymphomatous
lymphocytes,  infiltrating  into  the  germinal  centers.
The  dendri  tic  cells  and  macrophages  with
chromophilic    bodies    decreased    and    even
disappeared.  Neoplastic  cells  infiltrated  diffusely,
forming  nodular  and  mantle-like  growth   pattern.
The  nuclei  of  the  lymphomatous  cells  were  round  or
irregularly  angular  with  thick  nuclear  membrane
and  condensed  chromatin  (Figure  2).  One  case
showed  blast  cell  transformation.

RESULT
Immunohistochemically,  twenty  one  cases  of
IMALToma  and  four  cases  of  LP  were  CD45  and
CD20  positive( Figure  3 ).   The   reactive   lymph
follicles  we  re  polyclonal,  while  LEL  and  FC  were
monoclonal;  one  case  of  CBL  lymphoma  was
negative  for  bcl-2.  Ten  cases  and  5  cases  were
positive  in  CD68  and  CD45R0,  in  reactive  histocytes
and  small  lymphocytes,  respectively.

DISCUSSION
The  significance  of  the  LEL  and  FC  pathological
diagnosis  of  IMALToma.
         LEL  is  considered  a  characteristic  feature  of
IMALToma[1].  In  our  data,  less  than  50%  (9/21)
had  LEL.  The  nest  formation  could  also  be  found  in
the  in  flammatory  and  reactive  status,  it  might  be
difficult  to  distinguish  them  from  the  real  LEL,  in
such  case,  immunohistochemistry  may  be  helpful.
The former is  several  leukocytes  with  poly-clone  and
the  latter  is  the  lymphocytes  with  mono  -clone.  FC,
appeared  in  9  cases,  is  easy  to  misjudge  as  reactive
follicles.     The     following     morphological
characteristics   and   immuno-phenotype   may   be
helpful  for  the  differentiation:    FC   has   no
dendritic  cells  or  macrophages  with  chromophilic
bodies.    CCL  cell  is  the  immunophenotype  of  B
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cells  in  the  marginal  ar  ea,  rather  than  at  the
germinal  center[2].
          Both  LEL  and  FC  were  characteristic  features
for  diagnosis[3],  but  they  could  only  be  seen  in  some
of  the  cases,  then,  immunohistochemistry  and
molecular  biology  technique  should  be  done.

The  diagnostic  criteria  and  correlations  of
clinico-pathologic  features  of  low  and  high-
grade  malignant  IMALToma
Fourteen  were  of  low-grade  malignancy,  including
CCL,  MCB  and  LPC  subtypes.  The  proportion  of
CBL  cells  was  more  than  25%  in  two  CCL
lymphoma  and  one  MCB  lymphoma,  one  should  pay
attention  to  transformation  from  low-to  high-grade
malign  ancy.  Four  CBL  lymphomas  were  of  high-
grade  malignancy,  in  which  the  CBL  cells  were  >
50%,  distributing  around  the  FC  in  fused  clusters  or
trabeculae,  and  Igmight  be  positive  and  bcl-2
negative[4,5].  The  rates  of  metastasis  of  the  above
three  types  of  lymphoma  were  28.5%,  66.7%  and
100%,  respectively,  which  proved  that  histological
grading  and  the  clinical  staging  were  intimately
related  to  prognosis.

The  origination  of  LP
The  lymphomatous  polyps  were  first  described,  and
named  LP  by  Corn  in  196  1.  The  origination  of  LP
was  argued  for  a long  time.  Only  recently,  LP  could
be  defined  as  originating  from  both  mantle  cells  and
the    centrocytes,    which    were    similar    in
morphology[6].  The  former  was  positive  in   IgD,

540                         ISSN 1007-9327           CN 14-1219/ R      WJG       December  1999     Volume 5   Number 6

CD5   and   cycl   in   D1   without   blastocyte
transformation,  while  the  latter  was  positive  in  IgM
and  CD10  with  blastocyte  transformation[7,8].  In  our
group,  three  cases  had  the  morphologic  feature  of
mantle  cells,  one  was  originated  from  germinal
center,  which  was  transformed  from  centrocytes  to
centroblastocytes.  Thus  the  term  LP  could  not
reflect  the  origination  and  the  nature.  LP  has  two
patterns,    showing   similar   macroscopic   and
histologic  features  here  we  suggest a better terms  for
LP:  mucosal  mantle  cell  lymphoma  and  mucosal
follicular  lymphoma.
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INTRODUCTION
With  the  progress  of  the  studies  on  neuroendocrine
and  immunology  in  the  gastrointestinal  tract,  it  has
been  recognized  that  the  intestinal  neuroendocrine
system  and  the  immune  system  can  influence  and
modulate  each  other  and  a  neuroendocrine
immunomodulation  network  in  the  intestine  has
been   established[1].   Neuropeptides,   such   as
vasoactive  intestinal  peptide  (VIP),  substance   P
(SP),  somatostatin  (SS)  etc.  are  widely  distributed
in  the  gastrointestinal  tract  and  they  play  an
important  role  in  the  immunomodulation  of  the
intestinal  mucosa.

MATERIALS  AND  METHODS
Tissue  specimens
Surgical  specimens  were  obtained  from  ileum  of  25
cases  of  CD  (25  ileum)  and  10  normal  subjects
(from  sudden  death  and  who  received  surgery  for
intestinal  neoplasm).  The  specimens  were  fixed  in
10%  formalin  and  embedded  in  paraffin.  Sections
with  thickness  of  4ìm  were  made  continuously.

Staining  method
Immunohistochemical  staining  was  carried  out  by
ABC  method.  Antibodies  included  rabbit  polyclonal
antibodies  to  VIP  ( 1:400 ),  NSE  ( 1:200 ),  S-100
protein  ( 1:400 ),  SS  ( 1:200 ),  serotonin  ( 1:600 )
(Dako  Co.)  and  ABC  Kit.

Histomorphometric  analysis
Olympus  CH  light  microscopy  with  occular  linear
micrometer  and  double  quardral  grid  test  system
C64  (from  the  Academy  of  Military  Medical  Sciences)
were  used  to  measure  immunoreactive  neurons  and
nerve  fibers  in  10×40  high  power  field.  The  point
count  method  was  used[2].  Fifteen  neuron  cells
(with  nucleus)  w  ere  examined  at  random,  the
maximal  diameter  of  each  was  measured  and  the
values  were  averaged.  The  total  length  of  all
immunoreactive  nerve  fibers  was  measured
separately  in  the  mucosa  and  the  length  was
estimated  per  unit  area  ( µm/µm )  which  was
expressed   as   linear   density  ( Lv% ).  In  the
submucosa  and  the  muscle  layers,  the  total  volume
of  the  immunoreactive  neurons  together  with  the
nerve  fibers  was  measured  and  the  volume  was
estimated  per  unit  which  was  expressed  as  volume
density  ( Vv% ).  The  numbers  of  SS,  serotonin
immunoreactive  cells  and  a  rgyrophil  cells  in  the
mucosa  were  counted  at  random  in  10  high  power
fields  of  each  case.  The  results  averaged.

Statistical  analysis
Results  were  analysed  by  t  and  t’test.

RESULTS
Immunohistochemistry  of  neurons  and  nerve
fibers
In  CD,  the  VIP-IR  and  NSE-IR  nerve  fibers  in  the
mucosa  of  ileum  were  markedly  increased.  They
were  deeply  stained,  coarse,  irregular  ( Figure  1 )
and  the  linear  densities  were  significantly  raised
(P<0.01,  P<0.01,  respectively,  Table  1).  In  the
submucosa,  the  VIP-IR  neurons  were  hypertrophial
(P<0.01,  Figure  2 ).  VIP-IR,  S-100  protein  IR
and  NSE-IR  nerve  fibers  were  all  remarkably
increased.  They  were  coarse,  thickened  and
irregular  (Figure  3).  The  neuron  and  nerve  fiber
volume  density  of  each  immunor  eactive  type  stated
above  was  significantly  increased  ( P < 0.01,
respectively).  In  the  muscle  layers  the  volume
density  of  neurons  and  nerve  fibers  containing  NSE
or  S-100  protein  was  also  significantly  increased
(P<0.01,  respectively,  Figure  4),  but  the  changes
in   VIP-IR   neurons   and   nerve   fibers   were
unremarkable.
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Immunoreactive  cells  of  somatostatin  and
serotonin
In  CD,  argyrophil  and  serotonin-IR  cells  in  the  ileal
mucosa  around  the  lesions  were  significantly  reduced
(P<0.01,  respectively,  Figure  5).  SS-  IR  cells  were
decreased  (P<0.01,  Figure  6),  Table  2

DISCUSSION
In  CD,  there  had  been  several  reports  about  the
morphological  alterations  in  the  enteric  nervous
system.  Dvorak  et  al[3]  described  the  changes  in
enteric  nervous  system  in  the  surgical  specimens
from  patients  with  CD  including  proliferation  and
focal  necrosis  of  nerve  fibers  and  hypertrophy  of
neurons  in  the  myenteric  plexus.  Bishop  et  al[4] and
Sj-lund  et  al[5]  assessed  the  alterations  of  VIP-IR
enteric   nerve   fibers   in   CD   observation   and
counting.    In    the    study,    we    used    the
histomorphometric  analysis  to  obtain  objective
information    about    the    changes    in    the
immunoreactive  enteric  nervous  system  in  CD.  We
found  that  in  the  submucosal  plexus  the  VIP
containing  neurons  were  mar  kedly  hypertrophied,
the  linear  density  of  VIP-IR  nerve  fibers  in  the
mucosa  an  d  the  VIP-IR  neuron  nerve  fiber  volume
density  in  submucosa  were  significantly  increased.
The  results  were  consistent  with  that of Bishop  et  al
and   O’Morain   et  al[6]   who   measured   by

immunohistochemistry  and  radioimmuno  assay,  but
different  from  that  by  Sj-lund  et  al  and  Koch.  By
immunohistoche  mistry,  Sj-lund  et  al  found  that  in
unaffected  muscle  layer  of  the  ileum  and  the
affected  muscle  layer  of  colon,  the  VIP-IR  nerve
fibers  were  reduced.  The  coarse  VIP-IR  nerve
fibers  were  more  frequently  observed  in  the  affected
mucosa  of  ileum  and  in  the  affected  muscle  layers  of
the  colon  than  those  in  the  control.  El-Sathy  et  al[7]

reported  that  the  areas  of  the  argyrophil  cells  as
well  as  those  immunoreactive  to  chromogranin  A
and  serotonin  were  significantly  increased  in  both
patients  with  UC  and  CD,  compar  ed  with  those  in
the  controls.  In  patients  with  CD,  the  areas  of
polypeptide  YY  (PYY)  and  pancreatic  polypeptide
(PP)   immunoreactive   cells   were   significantly
reduced.  In  this  study,  we  also  found  that  SS  and
serotonin  containing  cells  and  argyrophil  ones  were
reduced  in  CD.  These  diversities  among  different
investig  ators  may  be  due  to  the  various  locations
selected  the  difference  in  degree  of  activity  and  the
methods  used.
       This  paper  shows  that  VIP  immunoreactive
neurons  and  nerve  fibers  are  increased  whereas  the
immunoreactive  cells  containing  somatostatin  and
serotonin  are  reduced,  suggesting  that  there  be
abnormalities  in  neuroendocrine  system  in  CD  which
may  play  an  important  role  in  the  pathogenesis  of
CD.

Table 1 Lv and Vv of immunoreactive nerve fibers and neurons for V IP, S-100 protein and NSE in Crohn’s disease

CD           Control
Item          P

n        x±s n    x±s

VIP
   Mucosa Lv 25     3.6±1.2 10   2.0±0.8      <0.01
   Submucosa Vv 25     2.0±1.1 10   0.9±0.8      <0.01
   Submucosal neuron (diameter, µm) 25     21.1±5.6 10 13.1±2.0      <0.01
   Myenteric plexus Vv 25     3.2±1.8 10   2.6±1.4      <0.01
NSE
   Mucosa Lv 25     3.4±0.7 10   1.9±1.4      <0.01
   Submucosa Vv 25     5.1±2.2 10   1.3±0.5      <0.01
   Myenteric plexus Vv 25   11.1±2.6 10   5.1±1.2      <0.01
   S-100 protein
   Submucosa Vv 25     3.9±1.0 10   2.3±0.4      <0.01
   Myenteric plexus Vv 25     9.4±2.3 10   5.7±1.0      <0.01

Table 2 Density of serotonin, SS containing cells and argyrophil cells in Crohn’s disease

Serotonin containing cell     SS containing cell  Argyrophil cell
Group

n x±s     n    x±s         n    x±s

CD 25          4.2±1.7b    25 1.0±0.6b        25 3.2±1.5b

Control 10          8.9±2.9    10 2.0±1.2        10 7.7±2.5

bP<0.01, vs normal control.
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INTRODUCTION
Port-site   recurrence   after   laparoscopic   tumor
surgery  is  a  frequent  complication  in  cancer
operations,  such  as  gallbladder,  stomach,  ovary  and
colon[1-5].  The  incidence  of  port-site   recurrence
after  laparoscopic  colectomy  ranged  from  1.1%  to
6.3%,  in  contrast  to  a  0.68%   tumor   wound
recurrence  rate  in  patients  undergoing  curative  open
colectomy[6-8].  The  possible  mechanisms  proposed
were:    contaminated  laparoscopic  instruments
passing  in  and  out  of  the  port  frequently;  
increased  exfoliated  cancer  cells  from  laparoscopic
manipulation;      adhered   tumor   cells   by
pneumoperitoneum[9-12].     Some     experiment
sreported  that  desufflation  related  to  seeding  of  port
wounds  via  a  stable  suspension  of  tumor  cells  in  CO2

gas  was  an  unlikely  cause  of  port  tumors,  some
supported  a  direct   intraperitoneal   seeding   of
exfoliated  tumor  cells  as  its  etiology  and  the
instruments  passing  in  and  out  of  the  port  may  play
an  important  role  in  local  recurrence[13-15].  The
colon  tumor  cells  were  more  common  since
laparoscopic  colectomy  was  wildly  performed.
        The  purpose  of  this  study  was  to  determine
whether  CO2  pneumoperitoneum  could  increase
tumor  implants  in  the  port  site.

MATERIALS  AND  METHODS
Materials
A  5mm  laparoscopic  port  ( 5 mm  trocar )  was
inserted  in  the  left  iliac  fossa  and  Veress  needle  was
placed  in  the  right  iliac  fossa,  below  which  was  the
injecti  on  site  of  malignant  cells.  Then  the  right  iliac
fossa  port  was  used  for  insufflation,  and  another
was  used  for  desufflation,   through   the   same
collection   device.   Laparoflator   was   made   in
Germany  ( laparoflator  electronic   3509   WEST
GmbH).
          Colon  cancer  cell  line  LoVo  and  gastric  cancer
cell  line  SGC-7901  (from  Shanghai  Institute  of
Digestive  Surgery)  were  suspended  in  liquid  culture
media  and  divided  into  2  groups:    the  liquid  tumor
cell  suspension  contained  1  million  cells  in  1mL
volume  (109  cells/L);    the  liquid  tumor  cell
suspension  co  ntained  10  thousand  cells  in  1mL
volume  (107  cells/L).  The  concentrati  on  of  cells
was  calculated  with  a  hemocytometer  (Fischer
Scientific,  Pittsburg,  PA)  and  then  appropriately
diluted  to  achieve  the  final  concentration.  Liquid
culture  media  were  RPMI  1640  containing  10
percent  fetal  bovine  serum.  Cell  viability  control
culture  and  cell  viability  of  each   tumor   cell
preparation  were  determined  to  be  greater  than  95
percent  by  trypan  blue  exclusion.  Continuous  flow
of  CO2  was  allowed  by  leaving  the  outflow  port
opened  during  insufflation,  intraperitoneal  pressure
was  maintained  at  the  desired  level  via  constant
insufflation  during  co  ntinuous  flow  studies.

Methods
Male  Sprague-Dawley  rats  (250 g-350 g,  from
Shanghai  Experimental  A  minal  Center )  were
anesthetized    with     25  g/L    sodium    barbitone
(1 µL/g).  Abdomens  were  shaved  and  prepared
with  bromo-geramine.  Animals   then   received   a
right  lower  quadrant  intraperitoneal   injection   of
1 mL  of  a  suspension  of  SGC-7901  gastric  cancer
cells  or  LoVo  colon  cancer  cells  (107/L,  109/L),
respectively.  Veress  needle  and  5mm  trocar  were
placed  in  the  abdomen  and  served  as  port  sites.
There  were  4  pairs  of  groups  for  LoVo  or  SGC-7901
(4  rats  for  each  group):    continuous  pneumo  of

Department of Surgery, Ruijin Hospital of Shanghai Second Medical
Univer sity, Shanghai 200025, China Shanghai Institute of Digestive
Surgery, Shanghai 200025, China
Dr. WANG Hao, male, born in 1972-09 in Nanyan, Henan Province,
Han  nationality, graduated from Shanghai Second Medical University
as a postgraduat e in 1998, majoring in colorectal oncology and
laparoscopy, having 20 papers published.
Supported by the Shanghai Technological Development Founds, No.
98QMB1405
Correspondence to: Dr. WANG Hao, Department of Surgery, Ruijin
H ospital of Shanghai Second Medical University, 197 Ruijin Er Road,
Shanghai 2000 25, China
Tel. +86·21·64370045, Fax. +86·21·64333548
Email.wanghaosh@hotmail.com
Received 1999-07-18 Accepted  1999-09-18



2 kPa  (5 min)  at  gas  flow  of  5 L/min  for  5 min  with
(107/L,  109  /L)  cells  injected;    continuous  flow
(5 L/min )   of   CO2   with   ( 107 /L,  109 /L )   cells
injected,  maintaining  a  pressure  of  4 kPa  for  5 min
inside  the  peritoneal  cavity;    continuous  flow
(5 L/min)  of  CO2  with  (107/L,  109/L)  cells  injected,
maintaining  a  pressure  of  2 kPa  inside  the  peritoneal
cavity  for  60 min;  and    continuous  flow  (5 L/min)
of  CO2  with  ( 107 /L,  109 /L )  cells   injected,
maintaining  a  pressure  of  4kPa  for  60min  inside  the
peritoneal  cavity.  At  the  end  of  the  experiments,  a
peritoneal  washing  sample  was  cultured  as  a  cell
viability    control.   All   collection   dishes   were
incubated  at  37   and  50 mL/L  CO2  concentration
for  one  week,  then  detected  under  microscopy  to
demonstrate  whether  tumor  cells  existed  or  not.

RESULTS
Continuous  CO2  pneumoperitoneum  with  different
number  of  cell  injection  in  LoVo  &  SGC-7901  cell
line   were   shown   in   Table  1  and  Table  2,
respectively.  After  one  week  of  incubation,  in  the
group  of  5 L/min,  continuous  CO2  flow  of  4 kPa  for
60min  with  109 /L  SGC-7901  cell  injected,  it
demonstrated  tumor  growth  in  3  of  4  dishes  when
compared  with  the  same  experimental  condition  in
LoVo  cell.  All  4  peritoneal  washing  samples  also
showed  tumor  growth,  whereas  other  dishes  showed
none.

Table 1  Results in continuous flow pneumo with LoVo cell
injection

Cell number  No. of rats   Pressure (kPa) Duration (min)Tumor growth

109/L   4           2                      5       0/4
107/L   4           2                      5       0/4
109/L   4           4                      5       0/4
107/L   4           4                      5       0/4
109/L   4           2                    60       0/4
107/L   4           2                    60       0/4
109/L   4           4                    60       0/4
107/L   4           4                    60       0/4
Control   2       2/2

Table 2 Results in continuous flow pneumo with SGC7901 cell
injection

Cell number  No. of rats Pressure (kPa) Duration (min)Tumor growth

109/L    4                 2                   5      0/4
107/L    4                 2                   5      0/4
109/L    4                 4                   5      0/4
107/L    4                 4                   5      0/4
109/L    4                 2                 60      0/4
107/L    4                 2                 60      0/4
109/L    4                 4                 60      3/4
107/L    4                 4                 60      0/4
Control    2      2/2

DISCUSSION
Laparoscopic   surgery   has   been   carried   out
nationwide  in  patients  with  cancer  of  the
gastrointestinal    tract   despite   relatively   high
incidence  of  port  site  recurrence  after  curative
resection[1,7].  Several  clinical  reports  have  proposed
that   recurrence   may   be   caused   by   direct
implantation  of  the  tumor  cells,  whereas  the  proof
is  still  uncertain.  Many  experimental  studies   of
colon   carried   out   more   than   those   in   gastric
cancer[16].
         Our  design  was  to  evaluate  and  compare  the
incidence  of  port  site  recurrence  by  direct  seeding
of  either  colon  or  gastric  cancer  cells.  We  injected
LoVo  cells  into  the  mice  and  found  none  of  the  32
mice  had  tumor  growth  in  the  dishes,  but  when
injected  SGC-7901  cells  into  the  mice  with  109/L
SGC901  cells  and  pneumoperitoneum  pressure  4
kPa  for  60 min,  3  out  of  4  dishes  showed  tumor
cells  growth.  The  gastric  cancer  cell  line  SGC-7901
was  more  likely  to  cause  port-site  recurrence  than
colon  cancer  LoVo  cell  line.  This  may  partly  be  due
to  the  difference  of  tumor  metastatic  behavior.  It
had  been  reported  that  the  capacity  of  gastric  cancer
cell  implantation  in  the  peritoneum  was  much  easier
than  that  of  the  colon  cancer   cells[18,19].   Our
finding  corroborated  the  above  conclusion.  The
pneumoperitoneum  pressure  in  the  abdominal  cavity
and  its  duration  played  an  important  role  in  the
development  of  port-site  recurrence   of   gastric
cancer  cells.
      The  mechanism  for  tumor  cell  port-site
implantation  may  be  explained  as  follow:    tumor
cell  exfoliation  by  surgical  manipulation  of  the
tumor;    contaminated  laparoscopic  instruments
frequently  passing  in  and  out  of  the  ports;    tumor
cell   viability,   number   of   cells,   duration,
pneumoperitoneum   pressure   and   the   metastatic
nature  of  tumor  cells;    surgery  induced  immuno-
suppression  facilitating  tumor  growth  at  the  port-
site  wounds[13,20].  Thus  significant  effort  should  be
strived  for  to  prevent  tumor  growth  in  the  port
wound.  It  has  been  suggested  that  all  instruments
should  be  routinely  wiped  on  withdrawal  from  a
port  with  a  cytotoxic  agent  (povidone-iodine)  and  a
similar  agent  flushing  the  laparoscopic  port  before
withdrawl.  The  external  aspect  of  the  port  should
be  sprayed  and  wound  liberally  irrigated  with  a
cytotoxic  agent[17].
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INTRODUCTION
It  has  been  discovered  that  hepatitis  C  virus  (HCV)
presents  considerable  nucleotide  variation  and  has
many  genotypes.  At  least  twelve,  5  of  which
prevalent,    i.e.:    I/1a,    II/1b,    III/2a,    IV/2b,   and
V/3a  types.  The  different  genotypes  of  HCV  may
possess  some  retationship  with  regional  distribution,
clinical  manifestation,  response  to  treatment  and
prognosis  of  HCV  infection,  thus  to  study  the
genotypes  of  HCV  further  in  different  areas  is  of
practical  value.  We  detected   HCV   genotypes   in
94  patients  with  hepatitis  C  and  in  6  patients
with  primary  hepatocarcinoma  by  PCR  assay  with
four  kinds  of  type-specific  primers  with  a  view  to
study   the   distribution   of   HCV   genotypes   in
hepatitis  C  in  Shenyang  area  and  their  clinical
significances.

MATERIALS  AND  METHODS
Patients
One  hundred  serum  samples  with  positive  anti-HCV
and  HCV  RNA  were  received  from  patients  who
were  in  clinic  or  in  ward  of  our  department  from
July  1993-  June  1  996.  Among  the  94  patients  with
hepatitis  C,  there  were  9  acute  hepatitis,  73  chronic
hepatitis  (50  mild  degree,  14  moderate  and  9  severe
ones),  12  active  posthepatitic  cirrhosis.  Mean  age
38.8  years  ± 15.6  years,  male  77  and  female  17.
Forty-nine  of  them  (52.1%)  had  history  of  blood  or
blood  product  transfusion.  Superinfection   or
coinfection  with  B  hepatitis   was   excluded,   2
cirrhosis  were  confirmed  pathologically  after
operation.     Six     patients     with     primary
hepatocarcin  oma  were  diagnosed  by  serum  AFP,  B
-ultrasound,  CT  and  MRI.  One  had  surgical  biopsy.

HCV  genotyping  primers
HCV  genotyping  primers  in  core  region  were
synthesized  by  the  Bioengineering  Research  Center
in  Shanghai  of  Chinese  Academy  of  Sciences.The
nucleotide  sequences  of  primers  were  as  follows:  u-
niversal  primers:  P1  sense  5’  CGCGCGACTAG-
GAAGACTTC  3’  (nt  139-158);  P2  antisense  5’
ATGTACCCCATGAGGTCGCT  3’  ( nt  391-410 ),
type   specific   primers:   P3   sense   5’   AGGAA-
GACTTCCGAGCGGTC  3’  (nt  148-167);  P4  anti-
sense  5’TGCCTTGGGGATAGGCTGAC  3  ‘  (nt  185-
204)  (HCV-I);  P5  antisense  5’  GAGCCATCCT-
GCCCACCCCA  3’  (nt  2  72-291)  (HCV-II);  P6

antisense  5’  CCAAGAGGGACGGGAACCTC  3’  (nt
302-321)  (HCV-III);  P7  antisense  5’  ACC-
CTCGTTTCCGTACAGAG   3’   ( nt   251 - 270 )
(HCV-IV).

Methods
Serum  HCV  RNA  was  extracted  using  one-step
method  of  guanidinium  thiocyanate.  For  detecting
HCV  genotypes,  Okamoto’s[1]  method  was  used  but
modified.  Major  procedures  were:    reverse
transcription  and  first  PCR  amplification:  in
extracted  RNA,  we  added  5  units  of  avian
myeloblastosis  virus  reverse  transcript  ase  (AMV-
RT)  (Promega),  20  units  of  inhibitor  of  RNAase
(RNasin)  (Promega),  2 U  Taq  enzyme  (Promega),
2 mM  dNTP  3 µL,  10×AMV-  RT  buffer  3 µL  and
universal   primers  ( P1,  P2 )   0.8  µmol/L.   Total
volume  was  30 µL.After  reverse  transcription  at
42   for  20 min,  first  PCR  was  performed  for  35
cycles.  Each  cycle  included  denaturation  at 94 
for  1 min,  annealing  at  55   for  1.5 min  and
extension  at  72   for  2min.   The  second  PCR
amplification:  in  5 µL  products  of  the  first  PCR,  we
added  3 µL  10 ×AMV-RT  buffer,  2 mM  dNTP  3 µL,
2 U  Taq  enzyme  and  0.8  µmol/L  of  type-specific
primers  (P3,  P4,5,6,7).  Total  volume  was  30  µL.  PCR
conditions  were:  denaturation  at  94   for  1 min,
annealing  at  60   for  1  min,  extension  at  72 
1.5 min,  for  30  cycles,  then  another  extension  at
72   for  5  min.  In  every  amplification,  positive
control  of  HCV  RNA  serum  and  negative control  of
normal  blood  sample  were  provided.    Ten
microliters  products  of  the  second  PCR  were
subjected  to  electrophoresis  on  6%  polyacrylamide
gel,  stained  with  ethidium  bromide,  and  observed
under  ultraviolet  ray.  Each  HCV  genotype  was
characterized  by  different  nucleotide  lengths:  57 bp
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for  type  I,  144 bp  for  type  II,  174 bp  for  type   III
and  1.23  bp  for  type  IV.

RESULTS
One  hundred  serum  samples  were  genetically
classified  into  3  types:  type  II  in  5  8  samples
(58%),  type  III  in  27  ( 27% )   and   mixed   type
(II/III)  in  14  ( 14% ),   only  1   sample  ( 1% )
remained  unclassified  (Figure  1).

Figure 1  The results in HCV genotyping.
1, 6:  II/III  mixed  type.  2:  HCV-II genotype. 3: Negative
control.  4,5:  HCV-III  genotype. 7: x  174  DNA / Hae  III
marker.

          In  94  patients  with  hepatitis  C,  the  distribution
of  HCV  genotypes  in  patients  with  hepatitis  C  was
not  identical.  The  data  were  analyzed  with  R×C
Table  test,  χ2 = 28.9,  P < 0.01.   In   acute   hepatitis,
in  mild,  moderate  and  severe  chronic  hepatitis,
cirrhosis,   the   infectious   rates   of   type   II   were
55.6%,  36.0%,  71.4%,  88.9%  and  91.7%,
respectively,  but  those  of   type   III   were   22.2%,
46.0%,  7.14%,  0%  and  8.3%,  respectively.  In
moderate  an  d  severe  chronic  hepatitis  and  cirrhosis,
the  proportion  of  type  II  was  significantly  elevated
in  comparison  with  that  in  mild  chronic  hepatitis

(P<0.05  or  P<0.01),  but  the  proportion  of  type  III
was   significantly   lower   than   that   in   mild   ones
(P<0.05).  Six  patients  with  hepatocarcinoma  were
all  infected  by  genotype  II  HCV  (Table  1).  The
genotype  distribution  of  HCV  in  post-transfusional
and  sporadic  hepatitis  C  was  identical.  The  results
were  analyzed  with  R×C  Table  χ2  test,  χ2 = 3.74,
P>0.05 (Table  2).

DISCUSSION
There  are  some  differences  in  distribution  of  HCV
genotypes   in    different   regions.   In   America,
infection  of  HCV-I  genotype  is  predominated,  but
in  China  and  Japan,  HCV-II  genotype  is  dominant
over  HCV-III  genotype.  Du  et  al[2]  reported  that
infection  by  type  II  was  predominant  in  Beijing,
Wuhan,   Guangzhou,   Xi’an,   Chongqing,   Guangxi
areas.  Among  these  areas  the  highest  infection  rate
of  type  III  was  in  Beijing  (19%),  the  infection  rates
of  mixed  type  II/III  were  the  highest  in  Guangzhou
(9%).  Our  study  showed  in  Shenyang  that  the
infection  rate  of  type  II  ( 58% )  >type  III  ( 27% )
and  mixed  type  II/III  (14%),  the  latter  two  were
higher  in  Shenyang  than  those  in  other  parts  of
China.  Therefore,  future  prevention  and  treatment
strategy  should  be  directed  towards  type  II  HCV
mainly,  but  not  neglecting  type  III  and  type  II/III.
In  our  study,  no  HCV-I  and  HCV-IV  were  found.
One  serum  sample  was  positive  for  HCV  RNA  by
repeated  PCR  assay,  but  it  could  not  be  classified
after  the  two  tests,  indicating  there  might  be  other
HCV  genotype  in  our  area.
         Clinical  manifestations  of  hepatitis  C  infected
by  HCV  type  II  are  usually  more  severe,  those  of
HCV  type  III  are  milder.  The  HCV  genotypes  seem
to  be  closely  related  to  the  clinical  condition  and
degree  of  severity  of  hepatitis  C.  All  our  6  patients
with  hepatoca  rcinoma  were  found  to  carry  HCV
type  II  which  indicated  that  infection  of  type  II
may      be     related      to       occurrence      of
hepatocarcinoma[3].

Table 1 HCV genotypes of hepatitis C and hepatocarcinoma

              HCV II   HCV III     Mixed (II/III)           Unknown
Clinical status Cases

Cases  (%)          Cases    (%)     Cases (%)       Cases          (%)

Acute hepatitis                 9                       5 (55.6)                 2 (22.2)         2             (22.2)
Chronic hepatitis
Mild degree                     50                     18 (36.0)             23 (46.0)         9             (18.0)
Moderate degree             14                     10 (71.4)a               1   (7.14)a        2             (14.3)           1                   (7.14)
Severe degree                    9                       8 (88.9)b                                               1             (11.1)
Cirrhosis of liver             12                     11 (91.7)b               1   (8.3)
Hepatocarcinoma            6                       6            (100.0)a

Total                              100                    58 (58)             27 (27)            14             (14)           1                   (1)

aP<0.05, bP<0 .01, compared with mild chronic hepatitis, by x2 test.
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        No  significant  difference  was  found  in  the
distribution  of  HCV  genotypes  in  post  -transfusional
and  sporadic  hepatitis  C,  showing  HCV  genotypes
may  be  not  related  to  routes  of  infection.  The
infection  rate  ( 20.9% )  of  mixed  type  ( II/III )  in
post-transfusional  hepatitis  was  higher  than  that  in
sporadic   hepatitis   ( 9.8% ),   indicating   repeated
blood   or   blood   product   transfusion   may   be
contributory.

Table 2 HCV genotypes of post-transfusional and sporadic hepatitis C

HCV II                 HCV III   Mixed (II/III)      Unknown
Groups Cases

    Cases   (%)         Cases        (%) Cases        (%) Cases            (%)

Post-transfusional hepatitis 49        26               (53.1)            12      (24.5)             10            (20.4)              1                 (2.0)
Sporadic hepatitis 45        26               (57.8)            15      (33.3)               4              (8.9)
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INTRODUCTION
Hepatitis  B  virus  (HBV)  is  a  DNA  virus  with  an
envelope,  its  membrane  protein  gene  preS/S  have
three   parts-preS1,   preS2   and   S,   there   is   a
translation  initiation  codon  ATG  in  each  of  them.
By  different  ATG,  the  membrane  protein  gene  can
be  translated  into  three  kinds  of  products,  i.e.  the
large  protein  ( preS1 + preS  2 +S ),  medium  ( preS2+
S)  and  small  (S)  (also  called  primary  protein).  In
patients  with  acute  hepatitis  B,  PreS  antigen
occurred  together  with  other  HBV  markers  and
parallels  the  level  of  HBV  DNA.  Disappearance  of
PreS  antigen  predicts  a  benig  n  outcome[1].  Its
presence  in  chronic  hepatitis  B  is  somewhat
correlated  with  HBsAg,  the  ratio  of  PreS1/HBsAg
antigen   titers   can   reflect   the   level   of   DNA
replication[2].  Meanwhile,  the  PreS  domain  in  the
membrane  prote  in  include  the  binding  sites  for
hepatocyte  receptor  and  a  number  of  epitopes  of  B
cells  and  T  cells.  The  PreS  domain  possesses  very
strong  immunogenicity  in  mouse  and  man.  In  mice
with  consanguinity,  the  PreS  domain  can  induce
broad-spectrum  protective  antibodies  and  overcome
their  nonresponsiveness  to  protein  S.  In  human
body,  it  has  been  proved  the  PreS  domain  is  an
effective  immunogen  at  both  B  and  T  cell  levels.
The  antibodies  directing  against  synthetic  peptides
(PreS:  21 - 47 )  mimicking  receptor-binding  sites
can  protect  chimpanzee  from  HBV  infection[3].
During  the  disease  course  appearance  of  antibody
against  PreS1  is  considered  an  early  marker  for
elimination  of  HBV  infection[4,5].  Therefore  PreS
antigen/ antibody  is  a  pair  of  important  indexes  for
diagnosis  of  hepatitis  B.  As  one  part  of  a  research
project  granted  by  the  EC  Foundation,  we  have

prepared  a  recombinant  PreS  protein  with  high
purity,  a  polyclonal  anti  -PreS  antibody  and
established  the  ELISA  method  for  detection  of  PreS
antigen,   preliminary   clinical   studies   had   been
carried  out.

MATERIALS  AND  METHODS
Immunologic  reagents
HRP-conjugated  murine  anti-human  IgG  was
provided  by  Department  of  Molecular  Immunology,
Institute  of  Basic  Medical  Sciences,  Academy  of
Military  Medical  Sciences:  HRP-conjugated  murine
anti-human  HBs  were  provided  by  the  Department
of  Immunology,  No.302  Hospital  of  PLA;  and
HRP-conjugated  sheep  anti-rabbit  IgG  was  provided
by  the  Department  of  Molecular  Biology,  No.307
Hospital  of  PLA.

Blood  specimens
They  were  provided  by  the  Central  Blood  Bank  of
PLA  units  under  Beijing  Command  and  No.301,  302
Hospitals  of  PLA.

Preparation  of  PreS  antigen
The  engineered  E.  coli  for  hepatitis  B  viral  PreS/2
recombinant  antigen  was  provided  by  Department  of
Virology,  Max-Plank  Institute  of  Biochemistry,
Germany.   The   PreS1/2   recombinant   antigen
containing  PreS1:10-108PreS2:  1-55/S1-22  (ayw
subtype)  was  expressed  by  using  pQe8  (Quiagen)
expression  vector  and  six  histidin  residuals  were
fused  to  the  N-terminal  of  the  product,  which  was
purified  by  affinity  chromatography  using  Ni-NTA
agarose  column  (Quiagen)  to  a  purity  above  95%.
The  purified  protein  was  stored  at  -20   for  use.

Preparation  of  recombinant  antigen-directed
immune  sera
New   Zealand   large-ear   white   rabbits   were
immunized  by  four  injections  of  renatured  PreS
recombinant  antigen,  once  each  on  the  wk 0,  wk 2,
wk 7  and  wk 11.  One  hundred  micrograms  of  the
antigen  were  injected  subcutaneousl  y  on  multiple
sites  at  one  time.  In  the  first  injection,  Freund’s
complete  adju  vant  was  used,  while  Freund’s
incomplete  adjuvant  was  used  in  the  latter  three
injections.  Blood  samples  were  obtained  before  each
booster  injection  for  determ  ination  of  serum
antibody  titer.  Serum  was  separated  from  blood
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samples.  The  anti-PreS  sera  were  purified  using
Protein   A   Sepharose   4B   Fast   Flow   affinity
adsor  ptiongel  column  and  was  stored  at  -20   for
later  use.

Preparation  of  ELISA  plate  for  detection  of
PreS  antigen
The  ELISA  plate  was  coated  with  purified  rabbit
anit-PreS  polyclonal  antibody  at  a  concentration  of
10 mg/L  at  4   stored  overnight.  After  blockage
with  1%  BSA  and  dilution,  the  plate  was  vaccum-
dried.  then  it  was  stored  at  4  for  later  use.  When
it  is  used,  test  blood  sample  (50 µL)  was  added  and
incubated  at  37   for  30min.  After  washing,  the
enzyme  -labelled  anti-HBs  monoclonal  antibody  was
added  and  incubated  at  37   for  30 min  after
washing,  OPD  color  developer  was  added  to  develop
the  color  by  protecting  from  light  at  37   for
10 min,  then  2 mol/L  H2SO4  was  added  to  terminate
the  reaction.  The  492  value  was  determined  using
DG3022  Enzyme  Labelling  Instrument.  When  the  D
value  of  the  test  sample  was  the  average  positive
value  ×0.08,  it  was  taken  as  positive,  otherwise,  as
negative.

Competitive  inhibition  test
The  PreS-positive  sera  were  diluted  with  serum-
diluting  solution  containing  purified  rabbit  anti-PreS
antigen  polyclonal  antibody  ( 20 mg/L ).  After
incubation  at  37   for  1 h,  the  diluted  sera  were
placed  at  4   overnight.  The  n  100 µL  of  the  sera
were  taken  out  and  were  added  to  the  ELISA  plate
coated  with  rabbit  anti-PreS1  antibody.  After  that
the  plate  was  incubated  at  37   for  30 min.  The  rest
steps  were  carried  out  by  following  the  routine.  The
neutralizing  inhibition  rate  50%  was  taken  as
positive.

Competitive inhibition rate=
Average non-competitive D value minus Average competitive D value

            Average non-competitive D value

RESULTS
Purification  of  recombinant  antigen
Using   pQe8   expression   vector,   the   vector
pQePreS1/2  expressing  HBV  ayw  subtype  including
PreS1  and  PreS2  gene  fragments  was  constructed.
After  incubation,  PreS1/2  protein  with  the  relative
molecular  mass  of  22000  (including  three  parts-
PreS1:10-108/preS2:1-55/S1-22 )  was  expressed.
There  were  six  histidine  residues  binding  to  the  N-
terminal  of  the  product,  the  quantity  of  the
recombinant  protein  expressed  amounted  to  about
10%  of  the  whole  bacteria.  The  PreS1/2  existed
mainly  in  inclusion  bodies.  The  inclusion  bodies
were  dissolved  by  denaturant  and  were  purified  on
Ni-NTA  agarose  column.  A  purity  over  95%  was
achieved.   From  1 L   cultured   bacteria,   10 mg

purified  prote  in  could  be  obtained.  Then  the
denaturant  was  removed  from  the  purified  protein  in
the  course  of  renaturation.

Results
Using  routine  methods,  rabbits  were  immunized
with  renatured  recombinant  PreS1  /2  antigen  and
the  titers  of  their  immune  sera  against  the
recombinant  prote  in  were  determined  by  ELISA.
Rabbit  sera  of  blood  samples  taken  before
immunization  served  as  the  negative  control  (D
value  < 0.01 ).   The   titer   of   antibody   directing
against   PreS1/2   antigen   in   rabbit   sera   reached
1:128  000,  1:512000,  respectively  on   40 d,   60 d
after  first  immunization.  In  order  to  identify  the
immunogenicity  of  different  components  of  the
recombinant  PreS1/2  antigen,  recombinant  PreS2
(PreS2:  1-55/S:1-9)  and  PreS121-47  synthetic
polypeptides  were  also  used  in  determination  of  the
serum  titer  on  d40  ( Figure  1 ),  and  the  result
indicated  in  the  immune  sera  the  titers  of  antibodies
directing  against  PreS1  polypeptide  and  PreS2
antigen  were  similar.

Figure1  The immunogenicity of different components of the
recombinant PreS1/2 antigen

Establishment  of  a  detection  method  for  PreS
antigen  and  determination  of  its  sensitivity,
specificity  and  preciseness
Using  purified  anti-PreS1/2  polyclonal  antibody  a
double  antibody  sandwic  h  ELISA  method  for
detecting  PreS1/2  antigen  was  established.  The
anti-ser  a  of  rabbits  immunized  with  PreS1/2  were
purified  by  using  Protein  A  Sep  harose  4B  Fast  Flow
affinity  adsorption  gel  column.  Then  10  mg/L  of
the  purified  antibody  was  used  to  coat  ELISA  plate
to  adsorb  HBV  viral  particles  present  in  the  sera
and  PreS1/2  antigen  on  the  subunit  particles.  The
specifically  absorbed  particles  were  detected  with
enzyme  labeled  anti-HBs  antibody.  This  method  was
used  in  determination  of  purified  Dane   particle

CHEN Kun, et al. Establishment of hepatitis B virus PreS antigen assay               551

×100%



sera.  Along  with  multiple  proportional  dilution,  the
D  values  of  reaction  wells  decreased  successively  and
the  dilution  titer  of  the  sera  could  be  up  to  1:2048,
corresponding  to  detection  of  5000  HBV  viral
particles  per  mL.  Purified  Dane  particle  sera  and  99
hepatitis  C  patients’positive  sera  were  detected  and
the  result  of  the  former  was  positive,  whereas  that
of  the  latter  was  negative.  Neutralization  of  PreS
antigen-positive  patients’  sera  with  purified  rabbit
anti-PreS  antibody  resulted  in  competitive  inhibition
all  rates  reached  over  80%.
         Judged  by  intra-and  inter-assay  coefficients  of
variation,  the  precision  of  the  detection  method  for
PreS/2  antigen  was  evaluated.  The  intra-assay
coefficient  of  variation  was  revealed  by  choosing
PreS  antigen-positive  sera  with  high,  medium  and
low  values  one  each  and  by  paralleled  determination
of  10  well  s  simultaneously  each.  The  inter-assay
coefficient  of  variation  was  demonstrated  by
determination  of  the  above  three  sera  for  10  times
each  at  different  time.  The  intra-assay  coefficients
of  variation  of  the  high,  medium,  low  PreS  antigen-
positive  sera  were  3.8%,  4.5%  and  13.3%,
respectively;  while  the  inter-assay  coefficients  of
variation   were   2.56%,   3.17%   and   10.5%,
respectively.  These  results  indicate  that  precision
has  reached  the  requirement  of  Ministry  of  Public
Health   of   China   for   intra   and   inter-assay
coefficients  of  variation  for  diagnostic  reagents  (the
national  standard  is   15%).  Detection  rates  of
PreS1/2  antigen  in  various  populations  of  people,
in  sera  of  200  normal  blood  donors,  PreS1/2  was
not  positively  detected.  The  detection  rates  of
PreS1/2  antigen  in  sera  of  patients  at  different
phases  of  HBV  infection  were  listed  in  Table  1.

Table 1 Positive rates in sera at different phases of HBV
infection

       Number of cases        Positive
Phase of infection                 rate(%)

Negative  Positive   Total
PreS1/2    PreS1/2

HBsAg(+)HBeAg(+)Anti-HBc(+)      40       260         300       87
HBsAg(+)Anti-HBe(+)Anti-HBc(+)  50       142         192       74
Anti-HBs(+)       24           0           24         0

DISCUSSION
The  PreS  domain  of  HBV  protein  locates  on  the

surface  of  HBV  particle  and  can  induce  protective
antibody  in  human  body  and  in  mouse.  In  the
literature  it  is  reported  that  the  elimination  of  PreS
antigen  from  serum  patients  with  acute  hepatitis  B
can  foresee  the  disappearance  of  clinical  symptoms.
For  patients  with  chronic  hepatitis  B,  persistent
existence  of  PreS  in  serum  indicates  progression  of
the  disease  course.  In  the  meantime,  monitoring
PreS1/2  antigen  has  also  important  significance  for
evaluation  of  curative  effect  of  antiviral  therapy  in
the  se  patients.
        Most  investigators  have  established  detection
methods  for  PreS  antigen  by  using  anti-PreS
monoclonal  antibody.  This  study  used   highly
expressed  in  Escherichia  coli  and  purified  HBV  PreS
antigens,  which  cover  the  whole  PreS2  domain  and
the  most  parts  of  PreS1  domain.  Three  experimental
results  indicate  that  the  re  comb  inant  PreS  antigen
is  also  a  good  immunogen  in  rabbit.  In  rabbit  anti-
PreS  sera,  the  titer  of  antibody  directing  against
PreS1:21-47  basically  equal  to  the  o  f  antibody
directing   against   PreS2:  1 - 55.  A  method   of
detecting  PreS  antigen  established  by  using  purified
rabbit  polyclonal  antibody  is  predicted  to  be  able  to
determine  simultaneously  PreS1  and  PreS2  antigens
in  serum  of  patient.  By  using  this  method,  we  have
detected  preliminarily  PreS  antigen  in  HBeAg
positive  and  anti-HBeAg  positive  and  the  results
show  that  the  detection  frequency  of  PreS  antigen
is  relatively  high  in  both  situations.  Statistical  analysis
indicates  that  the  presence  of  PreS antigen  in  serum
is  independent  of  the  existence  of  HBeAg  (χ2 =
12.59,  P<0.01).
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