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Abstract

AIM  To investigate the effects of taxol on
SMMC-7721 human hepatoma and its
mechanisms.
METHODS   In vitro cell growth was assessed
by trypan blue exclusion method. Experimental
hepatoma model was established by seeding
SMMC-7721 cells subcutaneously into Balb/c
(nu/nu) nude mice. In vivo tumor growth was
determined by measurement of tumor diameter
with Vernier calipers. The syntheses of DNA,
RNA  and  protein  were  analyzed  by
incorporation of 3H-thymidine, 3H-uridine and
3H-leucine respectively. Using light and electron
microscopes to observe the morphological
changes of cells including mitosis and
apoptosis.
RESULTS  Taxol was effective against SMMC-
7721 human hepatoma cell growth in the ranges
of 2.5nmol/L-10nmol/L- with mitotic arrest
and apoptosis in vitro. DNA, RNA and protein
syntheses  in  cells  were  also  obviously
suppressed by in vitro treatment of taxol for
72h. Taxol at 2.5nmol/L reduced 3H-thymidine
uptake to about 34% of the control value
(P<0.05). Increasing the dose of taxol to
20nmol /L resulted in a greater decrease in 3H-
thymidine incorporation to 60% of the control
value  ( P < 0.01 ).  At  a  concentration  of

20nmol/L, the 3H-uridine and 3H-leucine uptakes
were reduced to 52% ( P < 0.05 ) and 63%
(P<0.01), respectively.  In vivo,  taxol
significantly inhibited SMMC-7721 tumor growth
at 10mg/kg, i.p. once daily for 10d. A more than
90% decrease in tumor volume was observed
by day 11 (P<0.01) similarly with mitotic arrest
and cell apoptosis.
CONCLUSION  Taxol has a marked anticancer
activity in SMMC-7721 human hepatoma both
in vitro and in nude mice. Its mechanisms might
be associated with mitotic arrest, subsequently,
apoptosis of the hepatoma cells. No obvious
toxicity was observed with in vivo administration
of taxol.

INTRODUCTION
Taxol,  a  stimulator  of  tubulin  polymerization  and
microtubule  assembly,  was  initially  considered
promising  because  of  its  cytotoxic  activity  against
several  tumor  cell  lines  in  vitro[1,2].  Subsequent  in
vivo  studies  demonstr  ated  that  taxol  was  effective
against  a  variety  of  murine  tumors  and  human
xenog  rafts[3,4],  especially  advanced  human  carcinomas
refractory  to  conventional  chemotherapy[5,6].  Now,
taxol  has  emerged  as  one  of  the  most  active
anticancer  agents  in  clinic  for  the  therapy  of  ovarian,
breast,  and  non-small-cell  lung  cancer[7,8].
Hepatocellular  carcinoma  (HCC)  is  among  the  most
common  malignancies  in  the  world.  The  incidence
rate  is  as  high  as  34  persons  per  100000  per  year
in  some  high-incidence  areas  in  Asia  such  as  China.
However,  few  studies  show  that  taxol  is  effective
against  HCC,  especially  in  vivo[9-13].  Furthermore,
HCC  is  usually  insensitive  to  chemotherapeutic  drugs
used  previously  in  clinic  and  there  is  thus  an  urgent
need  for  the  evaluation  of  new  active  drugs  against
HCC.  Therefore,  we  systematically  investigated  the
activities  of  taxol  against  HCC  in  vitro  and  in  nude
mice.
        Apoptosis  is  an  active  cellular  death  process
induced  by  physiological  or  pathological  factors[14].
Most  anticancer  agents  cause  cell  death  by
apoptosis[15].  Incubation  of  cells  with  taxol  has  been
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found  to  result  in  cell  cycle  arrest  at  G2/M  phase
and  cell  apoptosis  in  many  tumor  cell  lines[16,17].  Our
previous  in  vitro  studies  also  show  that  SMMC-
7721  human  hepatoma  cells  treated  with  taxolexhib
it  significant  G2/M  phase  arrest  and  subsequently
occurred  apoptosis[18].  However,  Milross  et  al[11]

reported  that  taxol  caused  mitotic  arrest  but  could
not  induce  apoptosis  in  hepatoma  cells.  The  present
studies  indicate  that  taxol  can  induce  mitotic  arrest
and  apoptosis  in  SMMC-7721  cell  s  not  only  in
vitro  but  also  in  vivo.

MATERIALS  AND  METHODS
Drugs
Taxol  was  obtained  from  Shanghai  Hualian
Pharmaceutical  Factory,  Shanghai,  China.  For  in
vitro  experiments,  it  was  dissolved  in  dimethyl
sulfoxide  (DMSO)  to  make  stock  solution,  which
was  then  diluted  to  desired  concentrations  with  the
culture  media.  The  DMSO  concentration  was  kept
under  0.001%  in  all  the  experiments  that  did  not
exert  any  detectable  effect  on  cell  growth  or
apoptosis.  For  in  vivo  experiments,  taxol  was
dissolved  in  a  Cremophor  EL  vehicle  (Cremophor:
alcohol=50:50,v/v)  at  a  concentration  of  6 µg/L.  This
stock  solution  was  further  diluted  with  normal  saline
(1:5.2,  v/v)  immedia  tely  before  injection.  5-
Fluorouracil  was  from  Shanghai  Puguang
Pharmaceutical  Factory,  Shanghai,  China  and  diluted
with  normal  saline  to  desired  concentration  before
injection.

Cell  culture  and  cell  viability  assay
SMMC-7721  human  liver  carcinoma  cell  line  was
obtained  from  Chinese  Type  Culture  Collection
(Shanghai  Institute  of  Cell  Biology,  Chinese  Academy
of  Sciences,  Shanghai,  China).  The  cells  were  grown
on  monolayer  cultures  in  37 ,  5%  CO2  incubator
in  RPMI  1640  media  (Gibco,  Grand  Island,  NY)
supplemented  with  15%  heat-inactivated  new-born
calf  serum  with  or  without  compounds  as  described
above.  At  assay  time,  cells  were  collected,  mixed
with  an  equal  volume  of  phosphate  buffer  salt
solution  containing  4g/L  trypan  blue  dye,  and  manually
counted.  Actual  cell  numbers  were  calculated  by
multiplying  diluted  times  compared  with  initial  cell
numbers.

Animal
Female  Balb/c  ( nu/nu )  nude  mice  ( 18 g - 20 g;
6wk-8wk  of  age)  were  purchased  from  Shanghai
Institute  of  Materia  Medica,  Chinese  Academy  of
Sciences  and  maintained  in  our  own  specific
pathogen-free   mouse   colony.   All   experiments
involving  animals  were  performed  in  accordance
with  the  guidelines  of  the  Institutional  Animal  Care
and  Use  Committee.

Measures  of  biomacromolecular  synthesis
According  to  the  previous  literature[19],  the
syntheses  of  DNA,  RNA,  an  d  protein  of  cells
were  measured  by  quantitating  3H-thymidine,  3H-
uricine,  and  3H-leucine  incorporation,  respectively,  in
the  presence  and  absence  of  taxol.  Briefly,  cells
were  seeded  into  each  well  of  96-well  Costar  flat-
bottom  culture  plates  (Costar,  Charlotte,  NC)  at
5×103  cells/well  in  100µL  of  culture  medium.  After
24h,  taxol  was  adde  d  into  each  well  according  to
the  desired  concentrations.  Control  samples  contaned
culture  medium  and  DMSO.  After  48h,  the  cells
were  incubated  with  3H-thymidine,  3H-uridine,  or
3H-leucine  (1µCi/well)  for  24h  at  37   respectively.
At  the  end  of  the  incubation,  the  plates  were
immediately  placed  on  ice  and  frozen  at  -80¡æ.
After  thawing,  3H-labeled  DNA,RNA,or  protein
were  precipitated  onto  glass  fiber  discs  (Whatman
Ltd,  Maidstone,  UK)  using  a  micro-harvester.  For
harvesting,  the  wells  were  extensively  rinsed  with
distilled  water,  then,  air-dried.  The  discs  were  then
added  to  scintillation  vials  along  with  1mL  of
scintillant.  Radioactivity  was  measured  on  a
Beckman  LS6000  TAβ  counter  (Beckman
Instruments,  Irvine,  CA).

Human  hepatoma  implantation  into  nude  mice
SMMC-7721  human  solitary  hepatoma  was  implanted
into  the  right  flank  of  female  nude  mice  by
subcutaneous  injection  of  2.5×106  viable  cells.  Tumor
size  (mm3)  was  evaluated  by  measurement  of  two
perpendicular  diameters  with  Vernier  calipers  and
using  the  formula  1/2LW2,  where  L  is  the  longest
diameter  and  W  is  the  diameter  perpendicular  to
L[20].  Palpable  tumors  were  usually  detected  after
1wk  and  reached  5mm  to  10mm  in  diameter  by  day
10.  When  tumor  grew  to  5mm-10mm  in  diameter,
the  mice  were  treated  with  taxol  or  vehicle  by  i.p.
injection  in  a  volume  of  0.2mL  per  mouse,  once
daily  for  10  days.  Body  and  internal  organ  weight
of  animals  were  also  observed  to  assess  the  toxicity
of  taxol.

Microscopic  observation
In   vitro,   cells   were   fixed   with   25 g/L
glutaraldehyde,  and  postfixed  with  20g/L  osmium
tetroxide.  After  dehydration,  the  samples  were
embed  ded  in  Epon  812  epoxydic  resin,  and  then
sectioned.  The  sections  were  routinely  stained.  In
vivo,  after  the  mice  were  killed  by  cervical
dislocation,  tumor  tissue  was  immediately  excised
and  placed  in  neutral-buffered  formalin.  The  tissue
was  then  imbedded  in  paraffin  blocks  from  which
4µm  sections  were  cut  and  stained  with  hematoxylin
and  eosin.  The  morphologies  of  cells  including
mitosis  and  apoptosis  were  examined  under  electron
and  light  microscopes.
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Data  analysis
The  data  of  in  vitro  cell  growth  and  the  incorporation
of  3H-thymidin  e,  3H-uridine  and  3H-leucine  into  cells
were  analyzed  by  Student’s  t  test.  Statistical
comparisons  of  tumor  volumes  were  performed  by
analys  is  of  variance  at  different  time  points  after
initiating  treatment.

RESULTS
In  vitro  studies
SMMC-7721  cells  were  treated  with  different
concentrations  of  taxol  for  different  times  and  the
effect  of  taxol  on  the  cell  growth  was  examined  by
trypan  blue  exclusion  method.  As  shown  in  Figure
1,  the  growth  of  SMMC-7721  cells  was  markedly
inhibited  by  taxol  in  the  ranges  of  2.5nmol/L-10nmol/
L.  Moreover,  taxol-induced  cytotoxicity  was  found
to  be  time-dependent  when  the  cells  were  exposed
to  the  agent  for  48h-120h.
         Taxol  was  significantly  effective  at  inhibiting
3H-thymidine  incorporation  with  dose-dependent
relationship  when  SMMC-7721  cells  were
continuously  exposed  to  taxol  for  72h.  Taxol  at
2.5nmol/L  reduced  3H-thym  idine  uptake  to  about
34%  of  the  control  value  (P<0.05).  Increasing  the
dose  of  taxol  to  20nmol/L  resulted  in  a  greater
decrease  in  3H-thymidine  incorporation  to  60%  of
the  control  value  (P<0.01)  (Figure  2).  Taxol  also
displayed  similar  dose-dependent  efficacy  at  sup
pressing  3H-uridine  and  3H-leucine  incorporation  when
the  cells  were  constantly  exposed  to  the  drug  for
72 h.  At  a  concentration  of  20 nmol/L,  the  3H-uridine
and  3H-leucine  uptake  was  reduced  to  52% (P<0.05)
and  63%  (P<0.01),  respectively  (Figure  2).
        These  results  show  that  taxol  has  significant
inhibiting  effects  on  DNA,  RNA  and  protein
syntheses  of  SMMC-7721  cells.  The  results  from
light  microscope  observation  indicated   that   taxol
at  10nmol/L  caused  obvious  morphologic  changes
of  SMMC-7721  cells  when  compared  with  untreated
cells  (Figure  3A).  After  24h  treatment  (Figure
3B),  the  cells  got  round,  diopter-enhanced.  As  time
went  on  for  48h,  cells  det  ached  and  blebbed
(Figure  3C).  By  analysis  with  electron  microscope,
it  was  found  that  SMMC-7721  cells  exposed  to
taxol  10nmol/L  for  24h  presented  mitotic  arrest
(Figure  4B),  and  some  cells  appeared  in  pre-
apoptotic  sign  as  compared  with  untreated  cells
(Figure  4A).  After  cells  were  treated  by  taxol  for
48  h,  the  nuclei  were  shrank,  and  the  chromatin
was  condensed  to  form  high  density  clumps,  which
were  located  along  the  nuclear  envelope  (Figure
4C),  or  formed  regularly  shaped  crescents  at  the
nuclear  edges.  It  is  suggested  that  taxol  could
induce  typical  characteristic  morphologi  cal  changes
of  mitotic  arrest  and  apoptosis  of  cells.

Figure 1 Effect of paclitaxel on SMMC-7721 cell growth.

Figure 2 Effects of taxol on 3H-thymidine, 3H-uridine and 3H-
leucine incorporation.

In  vivo  studies
Nude  mice  bearing  SMMC-7721  tumors  were  treated
with  different  doses  of  taxol.  The  taxol  response  of
SMMC-7721  human  hepatoma  depicted  as  tumor
growth  curves  in  Figure  5  showed  that  tumors  were
significantly  responsive  to  taxol  when  treated  at
10mg/kg,  i.p.  once  daily  for  10d,  although  treatment
with   2  mg/kg   proved   less   effective.   Tumor
regression  was  evident  by  day  3  after  taxol  treatment
(P<0.05),  and  a  greater  than  90%  decrease  in
tumor  volume  was  observed  by  day  11  (P<0.01).  In
contrast,  the  tumors  in  animals  that  only  received
corresponding  solvent  cont  inued  exponential  growth.
Mice  treated  with  low  or  high  doses  of  taxol  did
not  display  a  body  weight  loss  by  day  11  (P>0.05).
No  difference  of  internal  organ  weight  was  found
between  treated  and  control  groups.  No  obvious
other  toxicity  was  observed  in  mice  receiving  either
2  mg/kg  or  10  mg/kg  taxol  for  10  d.
         Animals were sacrificed at various times among
24 h  and  120h  after  administrating  taxol.  As  seen  in
Figure   6,   taxol   treatment   caused   marked
morphological  changes  in  SMMC-7721  tumor.
Compared  with  control  (Figure  6A),  slight  mitotic
arrest   and   apoptosis   of   hepatoma   cells   were
observed  in  mice  with  2mg/kg  taxol  treatment  for
10  days  (Figure  6B).  However,  most  cells  exhibited
the  characteristic  appearance  of  agent-induced
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apoptosis  after  treated  with  10mg/kg  taxol  for  10
days  (Figure  6C).  These  results  suggested  that
taxol-induced  mitotic  arrest  and  apoptosis  of  human
hepatoma  cells  might  be  dose-dependent.  Time-effect
analysis  indicated  that  taxol  at  10mg/kg,  i.p.  for  24h
caused  mitotic  arrest  of  most  tumor  cells  with  slight
apoptosis  (Figure  6D).  By  48h,  apoptosis  became
the  dominant  morphological  features  (Figure  6E).
This  phenomenon  was  more  significant  after  120h
treatment  than  ever  before  (Figure  6F).  Apoptotic
cells  were  characterized  by  overall  shrinkage  and
homogeneous  dark  basophilia.  Frequently,  several
small  apoptotic  fragments  were  encountered  in  close
proximity.  On  the  basis  of  size  and  clustering,  such
fragments  were  considered  to  rep  resent  the  remains
of  a  single  cell  or  apoptotic  body.

Figure 3 Morphological changes of SMMC-7721 cells observed by
light microscope after treatment with taxol for different times.
(A) Untreated cells; (B) SMMC-7721 cells got round, diopter-
enhanced after exposure to 10 nmol/L taxol for 24 h; (C)
SMMC-7721 cells detached and blebbed after exposure to
10nmol/L taxol for 48h. ×400.

Figure 4 Ultrastructures of SMMC-7721 cells with or without
treatment by taxol. Following 24h treatment of taxol, cells
presented more mitotic Figure (B 7680×).  For 48h, the cells
appeared with regularly shaped crescents (C 7680×). The nuclei
of untreated cells were very irregular in shape, with many gulfs
and protrusions. (A 5760×)

Figure 5 Effect of taxol on SMMC-7721 human hepatom a in nude
mice.
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DISCUSSION
This   study   has   demonstrated   that   taxol   is
significantly  effective  against  SMMC-7721  human
hepatoma  growth  both  in  vitro  and  in  vivo.  In  most
reports  the  arrest  of  cells  in  G2/M  phases  and  cell
apoptosis  caused  by  taxol  are  responsible  for  its
anticancer  activities[21,22].  We  have  also  found  that
taxol  causes  SMMC-7721  cell  mitotic  arrest  and
apoptosis  in  vitro  and  in  vivo.  It  suggests  that  the
anti-hepatoma  effects  of  taxol  are  related  to  its
mitotic  arrest  and  cell  apoptosis.  Emphasis  has  been
placed  on  the  anti-hepatoma  effects  of  taxol  in
vivo.  Previous  studies  showed  that  taxol  had  no
significant  anticancer  effect  in  HCC  patients[13].
Others  reports  also  suggested  no  statistically
significant  hepatoma  growth  inhibition  in  mice
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Figure 6 Histological changes of SMMC-7721 tumors after taxol treatment. (A) untreated control. (B) 2mg/kg taxol, i.p. once daily for
10d. Only slight morphological changes were presented. (C) 10mg/kg taxol, i.p. once daily for 10d. Most cells showed apoptotic changes
and many apoptotic bodies were presented. Apoptosis were widespread. Apoptotic bodies were the small ovoid structures. (D) 24h after
i.p. injection of 10mg/kg taxol. Mitotic arrest was marked. (E) 72h after i.p. injection of 10mg/kg taxol. Mitotic arrest could still be
presented with more apoptotic cells. (F) 120h after i.p. injection of 10mg/kg taxol. Apoptosis was dominant phenomenon than ever before.
Hematoxylin and eosin. ×400

treated    with   taxol   at   40 mg/kg,   i.v.[11].   The
results   presented   herein   indicate   that   taxol   at
10 mg/kg,   i.p.   once   daily   for   10   days   has
significant  inhibiting  activity  on  HCC  with  more
than  90%  suppressive  percentage  and  without  any
obvious  toxicity.  It  is  inferred  that  taxol  may  cause
hepatoma   growth   inhibition   at   low   dose   and
continuous  administration.  Our  present  studies  also
clearly  demonstrate  that  taxol  causes  profound
mitotic  arrest  and  apoptosis.  A  time-course
microscopic  analysis  of  tumor  cell  mitosis  and
apoptosis  in  nude  mice  treated  with  taxol  revealed
that  mitotic  arrest  occurred  previously  to  apoptosis.
Development  of  apoptosis  lagged  several  hours
behind  mitotic  arrest.  Moreover,  either  the  mitotic
arrest  or  apoptosis  of  hepatoma  cells  induced  by
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taxol  was  clearly  dose  and  time-  dependent.  These
data  have  important  therapeutic  implications  in
HCC.
        In  conclusion,  this  is  the  first  report  of  the
anti-hepatoma  effect  of  taxol,  its  mechanisms,  and
the  relationship  between  the  mitotic  arrest  and
apoptosis  both  in  vitro  and  in  vivo.
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