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Abstract

AIM To observe the tumor inhibitory effects by
transfecting I L-6 cDNA into colon cancer cell
line HT-29 with retroviral vector pZIP cDNA.
METHODS Human IL-6 gene was reconstructed
in retrovirus vector and transfected into incasing
cells PA317 by lipofectamine mediated method,
the clones of the cells transferred with hIL-6
were selected by G418, and targeted HT-29 cells
were infected with the virus granules secreted
from PA317 and also selected by G418. Test
gene transcription and expression level by
hybridization , ELISA and MTT assay, etc.
Analyze tumor inhibitory effects according to
the cell growth curve, plating forming rate and
tumorigenicity in nude mice.
RESULT   Successfully constructed and
transfected recombinant exp ressing vectors
pZIPIL-6 cDNA and got positive transfected cell
lines. The colon cancer cell line (HT-29 IL-6)
transfected with the hIL-6 gene by retroviral
vector was established. The log proliferation
period and the doubling time of t his cell line was
between 4 to 7 days and 2.5 days according to
the direct cell count, the cell proliferation was
obviously inhibited with MTT assay, the plating
inhibitory rate was 50% by plating efficiency
test. When HT-29 IL-6 cells w ere inoculated into
the nude mice subcutaneously, carcinogenic
activity of the solid tumor was found superior
to the control group and the size of tumor was
not significantly enlarged. Injection of
combination virus fluid containing IL-6 gene into
transplantation tumors could inhibit the growth
and development of the tumor.
CONCLUSION  IL-6 could inhibit the growth and
proliferation of colon cancer cells by retroviral
vector-mediated transduction.

INTRODUCTION
The  incidence  of  colorectal  carcinoma  ranks  top  ten
among  the  digestive  system  diseases.  The  clinical
treatment  so  far  is  not  satisfactory,  which  has  been
exis  ted  of  the  top  ten  malignancy  threatening
human  life.  The  authors  intended  to  use  modern
molecular  biology  technology  to  explore  the  new
strategies  in  treatment  of  colorectal  carcinoma.  IL-
6  is  a  multifunctional  cytokine  which  has  been  con
firmed  to  have  anti-tumor  effect[1].  Here,  we  reported
a  colorectal  car  cinoma  cell  line  transfected  with
IL-6  gene,  which  can  secret  a  large  amount  of  IL-
6  and  study  its  tumor-inhibitory  effect  both  in  vitro
and  in  vivo.

MATERIALS  AND  METHODS
Cell  lines
The  colorectal  carcinoma  cell  line  ( HT-29  cell
strain)  was  preserved  in  our  lab  oratory,  and  PA317
package  cell  was  generously  provided  by  Professor
Zhang  Hong  -Quan  from  the  Academy  of  Military
Medical  Sciences  of  China.

Main  reagents
Restrict  enzyme,  EcoRI,  BamHI,  Klenow  enzyme
and  T4  DNA  ligase  were  purchased  from  Sino-
American  Biotechnology  Company  (SABC).

Plasmid
pUCIL-6cDNA,  pZIPcDNA  was  introduced  Dr.
Jiang  Bo  from  the  Academy  of  Military  Medical
Sciences  of  China.

Animals
Twenty  BALB/c-nu/nu  female  nude  mice,  3 - 4
weeks  old,  were  purchased  from  Shanghai  Tumor
Institute.

Construction  of  hIL-6  expressing  strain
By  utilizing  restrict  enzyme  digestion  and  DNA
recombinant   technology,   we   constructed   a
recombinant  retroviral  plasmid  which  was  named
pZIPIL-6cDNA.  Then  the  plasmid  was  transfected
into  PA317  package  cell  by  using  liposome[2].  After
screening  the  positive  (anti-drug)  clones  with  G418,
we  collected  supernants  of  positive  clones  containing
recombinant   virus   and   transfected   the
adenocarcinoma   HT-29   cell   line   with   the
supernatant  and  screening  of  drug-resistance  clones
by  G418.
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Cell  growth  and  proliferation  test
According  to  the  direct  count  assay[3],  the  log
proliferation  and  the  doubling  time  of  HT-29  cells
transfected  with  or  without  pZIPIL-6cDNA  were
calcu  lated.  The  proliferation  rate  of  the  two  groups
was  cultured  in  96-well  plate  and  observed  by  MTT
assay  at  48 h,  72 h,  96 h  and  120 h,  respectively[4].

Plating  efficiency  test
Prepared  double  layer  agar  gel  in  6-well  plate  (soft
agar  layer)  containing  0.3%  agar,  20%  BSA;  the
lower  layer  containing  0.5%  agar,  10%  BSA,  which
was  refe  rred  as  hard  agar  layer.  Then  different
amount  of  2×103  HT-29/I-6  cells  or  HT-29  cells
was  added  per  well  to  continue  for  3-4  weeks,  the
colony  formation  efficiency  was  calculated,  including
the  number  of  the  average  colonization  unit/the
number  of  cell  added  per  well.

Tumor-inhibitory  test  in  nude  mice
Twenty  mice  were  randomly  divided  into  four  groups
and  each  five  mice.  The  first  two  groups  received
inoculation  of  HT-29  cells.  After  tumor  formation,
one  group  was  injected  pZIPIL-6cDNA  recombinant
viral  suppressant  intratumorally,  which  was  called
IL-6  gene  therapy  group.  The  other  served  as
control  group.  The  other  two  groups  were  inoculated
with  pZIPcDNA  or  pZIPIL-6cDNA  transfected  HT-
29  cells,  respectively.  5×106  cells  were  injected  at
left  front  leg  subcutaneously.  Then  observed  after
forty  days  and  6  items  were  recorded  including  the
time  of  tumor  formation  (i.e.  the  time  when  tumor
diameter  was  about  3  mm),  the  number  of  tumor-
bearing  mice,  tumor  growth  rate,  lesion  size,  and
health  condition  of  nude  mice  as  well  as  pathologic
characteristic  of  the  tumor.

RESULTS
Screening  for  transfected  cell  clones
After  recombinant  vector  (pZIPIL-6)  was  transfected
into  PA317  package  cells,  the  positive  clones  were
screened  for  4-5  weeks  and  drug-resistant  clones
gradu  ally  formed,  at  the  same  time  untransfected
cells  died  completely  after  1-2  wee  ks  and  no
colonization  was  found.  The  recombinant  viral
suppressant  titer  was  5.1×108  cfu/L  by  using  3T3
cells  as  indicating  system[2].

The  tumor  inhibitory  effect  of  IL-6  in  vitro
By  direct  counting  assay,  the  difference  in  growth
between  HT-29  cells  and  HT-29  IL-6  cells  is  shown
in  Figure  1,  the  doubling  time  of  HT-29  and  HT-29
pZIP  was  1.5  and  1.6  days,  respectively,  and  the
log  proliferation  phase  was  2 - 7  days  and  3 - 8
days,  respectively.  But  the  doubling  time  of  HT-29
IL-6  cells  was  2.5  days,  log  proliferation  phase  was
4-7  days,  with  a  maximal  cell  number  of  2.5×105,

which  was  significantly  lower  than  HT-29  cells.  The
results  of  MTT  assay  are  shown  in  Figure  2,  in
which  the  cell  proliferating  curve  of  HT-29  IL-6
cells  increased  more  slowly  being  more  stabilized
than  other  groups.  These  demonstrated  that  IL-6
inhibited  the  growth  and  proliferation  of  colon  cancer
cells  (HT-29)  significantly,  and  retroviral  vector
influenced  neither  the  proliferation  of  HT-29  cells
nor  the  biologic  effect  of  IL-6.

The  effect  of  IL-6  on  colony  formation  of  HT-
29  cells  on  soft  agar
The  HT-29  cell  and  HT-29  IL-6  cell  clones  were
formed  gradually,  between  12-14  days  after
inoculation  on  the  soft  agar,  and  a  number  of  them
only  appeared  3-4  weeks  after.  A  single  cluster
with  more  than  50  cells  was  regarded  as  a  clone
unit,  and  the  efficiencies  of  colonization  were
calculated  (Table  1).  The  efficiencies  for  HT-29
IL-6  cells  and  HT-29  cells  were  2.21%  and  4.29%,
respectively,  this  demonstrated  the  clone  inhibitory
rate  was  50%  for  transfected  cells.  Therefore,  it
was  shown  that  transfected  IL-6  gene  could  inhibit
the  ca  pacity  of  HT-29  colonization.  It  might  be  of
significance  in  the  prevention  of  HT-29  tumor  cell
from  proliferating  and  invasion.

The  tumor-inhibitory  effect  of  IL-6  in  vivo
Local  edema  disappeared  inoculation  after  2-3  days.
After  8-14  days  there  appeared  tiny  tumors  which
enlarged  continuously  (Table  2).  The  average  tumor
formation  time  of  gene-transfected  group  was  delayed
5.5  days  as  compared  with  the  control  group,  and
one  mouse  did  not  show  any  sign  of  tumor  bearing.
In  IL-6  treated  mice,  the  tumor  grew  slower,  the
health  condition  was  much  better,  and  no  cachexia
was  seen,  in  particular  in  the  intratumorously-injected
mice.  Pathology  sections  showed  there  was  more
distinct  apoptosis  (Figure  3).

Table 1   IL-6 effects on colony formation of HT-29 cells on soft
agar

                      Number of colonies           Colony
Cell        n           χ          formation

   1   2   3   4   5

HT-29 5.0 86.0 89.0 92.0 80.0 97.0 84.2       4.21
HTIL-6 5.0 42.0 52.0 41.0 39.0 47.0 44.2       2.21a

aP<0.05, rS.

Table 2  Growth sequel of transplantation tumors

    Nude mice    Number of    The time of   Tumor     Growth
Group  number          tumor-        tumor          size           rate

     bearing mice   presentation    (mm)     (mm/day)
      (days)

HT-29            5 5             8  20.8       0.65
HT-29pZIP   5 5           8.5  18.2       0.57
HT-29IL-6    5 4         13.5    8.5b       0.48
Recombinan
t virus           5 5             8    6.5b       0.15b

bP<0.01, in comparison with HT-29 cell group.
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Figure 3 Histopathology of transplantation tumors of nude mice.
×400
A. Injection of HT-29 IL-6 cells.
B. Injection of recombinant retrovirus in transplantation tumors.

DISCUSSION
Recently,  pioneered  studies  showed  that  IL-6  could
promote  or  inhibit  the  growth  of  tumor  cell  depending
upon  the  cell  type[5].  For  example,  the  IL-6  cDNA
encoding  sequences  were  inserted  into  the
downstream  of  SV40  promoter  in  pH  EBOSV
plasmid,  then  the  plasmid  was  transfected  into
ROHA-9MCEBV3-B  cell.  The  observation  showed
that  exogenous  IL-6  gene  expression  could  switch
the  cell  to  a  tumor  phenotype.  10-15  days  after  the
injection  of  transfected  ROHA-9MCEBV3  -B  cell,
tumor  formations  were  observed,  but  the  control
group  was  not,  which  suggested  that  IL-6  secreted
by  the  transfected  cell  promote  cell  proliferation  in
carcinogenesis.  On  the  other  hand,  administration  of
IL-6  alone  could  in  hibit  the  metastasis  of  tumor
induced  by  xylene  anthracene[6].  Currently,  the
mechanism  remained  unknown,  however,  it  may  be
associated  with  different  IL-6R  expression  on  tumor
cell  surface.  Only  when  the  latter  reaches  a
certain  level  and  binds  to  IL-6  with  high  affinity
could  it  transmit  I  L-6  signals  and  showed
significant  inhibitory  activity.  IL-6  is  a  cytokine
with  multifunctions  as  stated  above.  For  instance,
when  the  IL-6  gene  was  transfected  into  D122
Lewis  lung  cancer  cell  line  which  has  low  immunity
and  high  metastatic  potential,  growth  of  transfected
cell  was  inhibited  in  vitro,  and  the  density  of
MHC  antigen  expressed  on  cell  surface  was  2.5-
4.5  times  greater  than  that  in  the  wild  type  of
D122.  Immunizing  the  mice  with  inactivated
transfected  cells,  the  mice  showed  an  enhanced
activity  of  CTL  and  macrophage,  the  immunization
could  prevent  mice  from  challenge  of  wild  type
D122  cells.  These  phenomena  d  emonstrated  that
IL-6  not  only  could  inhibit  tumor  growth  directly
but  also  pro  mote  anti-tumor  activity  indirectly.
Through  activating  host  cellular  immunity[7].  Ullmann
et  al[8]  found  that  IL-6  could  enhance  CEA  and
HLA  antigen  expression  on  colon  cancer  cell  surface
and  these  antigens  expression  level  correlated  with
IL-6  treatment  dose  and  duration  positively.  Other
reports  showed  that  CEA  expression  level  of  IL-
6  gene  transfected  into  colon  cancer  cell  line  (HT-
29  cells  IL-6)  was  much  higher  than  that  of
untransfected  or  transfected  with  unrelated  gene
cells[9].  Apart  from  these  studies,  IL-6  could
enhance  the  induction  of  LAK  cell  or  NK  cell,
promote  the  maturity  and  differentiation  process,
and  increase  the  tumor  killing  activity  of  LAK  and
NK  cells  in  a  dose-dependent  manner.  Overall,
introducing  IL-6  gene  into  cells  may  have  wide
biological  effects  on  the  regulation  of  immunological
response  by  autocrine  or  paracrine  pathways,  thus
inhibit  or  kill  tumor  cell  directly  or  indirectly[10,11].
Regulatory  disturbance  induced  by  apoptosis  is
closely   associated   with   carcinogenesis,   making

Figure 1 Growth curve of HT-29 IL-6 cells.

Figure 2 Cell proliferating curve by MTT.
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tumor  apoptosis  a  new  target  for  cancer  therapy[12].
Gene  regulation  and  signal  tranduction  are  the  key
process  of  apoptosis.  Tumor  cells  could  escape
surveillance  of  immune  system,  not  only  because  of
the  downregulation  of  antigen  expressed  on  cell
surface  and  host  immune  response,  but  also  the
inhibition  of  apoptosis  of  abnormal  cell.  We  reported
the  first  time  that  many  more  apoptotic  cells  in  the
group  injected  with  HT-29  IL-6  cells  and  IL-6  gene
therapy  group  were  induced  than  the  control  group.
So  far,  we  have  not  see  n  any  report  on  apoptosis
induced  by  IL-6,  even  some  researchers  reported
IL-6  could  inhibit  the  programmed  cell  death  in  MI
leukemia  cell  strain[13].  IL-6  is  a  potent
immunoregulatory  factor,  and  participates  in  regulation
of  cell  apoptosis.  Thus,  we  conclude  the  apoptosis
induction  of  tumor  cell  is  the  main  mechanism  of
IL-6  for  growth  inhibition  of  tumor  cells  both  in
vitro  and  in  vivo.  Our  laboratory  studies  provided
the  potential  use  of  IL-6  gene  therapy  in  colo-rectal
cancer.
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