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Abstract

Endostatin is one of the most potent endothelial cell inhibitory factors that has been discovered 
so far, however, the endostatin protein is extremely unstable and difficult to manufacture and 
store. The objective of this research was to investigate a novel biotechnology method to 
manufacture endostatin. This was accomplished by subcloning the endostatin gene into a 
pDC316 plasmid and transfecting the desired transformed plasmid into human embryonic kidney
293T cells. The Endostatin gene DNA was amplified by the polymerase chain reaction (PCR). 
Purified endostatin gene fragments were ligated to a eukaryotic expression vector, pDC316. The 
reconstructed plasmids were transformed into competent E. coli strain DH5α cells in order to 
amplify and facilitate the extraction of desired high-purity plasmids. Single and clear-edged 
bacteria were tested by bacterial PCR and electrophoresis. The desired plasmid was extracted 
from the transformed bacteria and was sequenced for further confirmation. The endostatin 
containing plasmid was subsequently transfected into 293T cells, the expression of the target 
gene in the transformed cells was detected by reverse transcription PCR (RT-PCR) and by gel 
electrophoresis. This recombinant endostatin has potential value in angiogenesis gene therapy. 
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Introduction

More  than  40  years  ago,  Judah  Folkman
published  a  revolutionary  new  way  to  think
about  cancer  and  shared  his  new  hypothesis
that  tumor  growth  is  angiogenesis  dependent
[1]. Angiogenesis is the physiological process
by  which  new blood  vessels  form from pre-
existing  blood  vessels  [2].  Over  the  years,  a
large  body of  evidence  was found to support
Folkman’s  idea and research on angiogenesis
blossomed  [1].  In  1994,  O’Reilly  et  al.
discovered  the  first  anti-angiogenic  peptide
named angiostatin,  and since the discovery of
angiostatin, other anti-angiogenic peptides have
been discovered [3]. Endostatin was first found
in  mouse  cells  in  1997  also  by  O’Reilly’s
group and was subsequently found in humans
[4].  The  discovery  of  endostatin  was  a
breakthrough  that  led  to  a  thorough
understanding of angiogenesis [3]. 

Endostatin  is  a  20-kDa  protein  fragment
located at the C-terminal of the noncollagenous
(NC1)  domain  of  the  type  XVIII  collagen,
where it occurs as a globular protein in humans
[3,5].  Under  normal  physiological
circumstances,  angiogenesis  is  tightly
controlled by a variety of chemical signals in
the  body;  one  of  them  being  the  vascular
endothelial  growth  factor  (VEGF)  [6].
Endostatin  can  specifically  inhibit  the
proliferation  of  vascular  endothelial  cells
treated  with  basic  fibroblast  growth  factor
(bFGF)  and induce  endothelial  cell  apoptosis
[4]. 

Uncontrolled  angiogenesis  leads  to
pathological hyperplasia and neoplastic disease
[7,8]. It has been established that tumor growth
and carcinogenesis depend on angiogenesis [9].
A variety of experiments have confirmed that
endostatin has an inhibitory effect on growing
blood  vessels,  but  has  no  effect  on  resting
blood vessels; a selective effect by which it can
effectively limit uncontrolled angiogenesis [1].
The  inhibitory  effect  of  endostatin  on

angiogenesis is very important and underscores
its potential as a cancer treating agent. 

In  recent  years,  research  that  focuses  on
endostatin anti-tumor angiogenesis therapy has
intensified.  The  production  of  recombinant
endostatin  is  difficult  and  yield  is  low,
therefore,  different  expression  systems  have
been  used  in  different  studies.  They  include
expression in: E. coli, yeast, and in mammalian
cells [10,11]. The E. coli expression system has
a high yield,  but the products mostly exist in
the  form  of  insoluble  inclusion  bodies,
necessitating  further  downstream  processing
and purification [12].  Although the protein is
soluble  after  refolding,  a  large  amount  of
protein  is  lost  during  this  process.  The
expression  product  of  mammalian  cells  has
high  biological  activity,  but  low  expression
yield and difficult to purify [13]. Although the
yeast expression system has a high yield and is
easy  to  purify  [14],  the  transduction  of  the
endostatin gene through an appropriate vector
is a more suitable method because of its higher
yield  and  efficiency.  The  endostatin  gene  is
delivered by an appropriate  vector  to provide
for  long-term  and  stable  expression  in  the
body.  It  has  been  confirmed  that  liposomes,
adenovirus,  retrovirus,  adeno-associated virus,
and  lentivirus  are  all  effective  vectors  for
delivering the endostatin gene [15]. Compared
with  non-viral  vectors,  higher  plasma
concentrations  of  endostatin  are  generally
obtained after transfection with viral vectors.

In this study,  endostatin was reconstructed by
using  a  pDC316  plasmid,  which  was  then
transfected into human embryonic kidney 293T
cells. RT-PCR and electrophoresis were used to
confirm the production of endostatin RNA in
293T cells. 

Materials

The  deoxynucleoside  triphosphate  (dNTP),
Thermococcus kodakaraensis (KOD)  buffer,



KOD  enzyme,  type  II  restriction  enzymes,
CutSmart® buffer,  t4  DNA  ligase,  t4  buffer
were  obtained  from  New  England  Biolabs,
Ipswich, MA. The endostatin cDNA template,
Forward  (F)  and  Reverse  (R)  primers  were
obtained  from  Sangon  Guangzhou,  Huangpu
District, China.  The Taq PCR master mix was
obtained  from  Tiangen  Biotech  Co.,  Ltd,
Haidian district,  Beijing,  China.  The pDC316
plasmid  was  obtained  from  Youbio,  Yuhua
district,  Changsha,  Hunan  province,  China.
The  bacto-tryptone,  yeast  extract,  and  agar
were  obtained  from  Guangdong  Huankai
microbial  Sci&Tech  Co.  Ltd,  Guangzhou
Development  District,  Huangpu,  Guangzhou
province, China. Ampicillin was obtained from
Guangzhou  saiguo  biotech  Co.  Ltd,  Tianhe
district, Guangzhou province, China. SuperRT®

one-step  buffer  and  SuperRT® one-step
Enzyme  Mix,  RNA  extraction  kit  and  the
SuperRT® one step RT-PCR kit were obtained
from Jiangsu Cowin Biotech Co. Ltd, Wuhan,
Hubei,  China.  The  PEI  transfection  protocol
and kit was obtained from Polysciences,  Inc.,
Warrington, PA.

The  E.  coli DH5α  strain  was  obtained  from
Hunan Fenghui Biotechnology Co. Ltd, Yuelu
district, Changsha, Hunan province, China. The
293T cells were obtained from the Sun Yat-sen
University cancer center, Guangzhou, China.

Electrophoresis  was  performed  using  a  EPS-
300,  Tanon  Science  &  Technology  Co.  Ltd,

MinXing  District,  Shanghai,  China.  The  lab
scale  shaker  model  no.  ZHWY-100D  was
manufactured  by  ZhiCheng  analytical
instruments  manufacturing  Co.  Ltd,  Fenshan
District,  Shanghai,  China.  The  E.Z.N.A® gel
extraction kit was obtained from  Omega Bio-
tek, Inc.,  Norcross, GA. Where the procedure
for  a  unit  operation  is  not  presented,  it  was
performed per the manufacturer’s instructions.
The  pDC316  plasmid  was  annotated  with
SnapGene®,  GSL  Biotech  LLC,  San  Diego,
CA, http://snapgene.com. 

Methods

Combining the Endostatin fragment with the 
pDC316 vector

The  Endostatin  segment  was  amplified  by
using  polymerase  chain  reaction.  The  50  ul
reaction system was composed of: water 33.7
ul, dNTP 5 ul, 5x KOD buffer 5 ul , both F and
R primer 1.5 ul , endostatin cDNA template 0.3
ul , KOD enzyme 1ul , and MgSO4 solvent 2
ul.  The  sequence  of  the  F  and  R  primers  is
presented in Table 1.

The  PCR  conditions  were  designed  as
follows: initial  denaturation at  94°C for 2
minutes, 35 cycles of 98°C for 10 seconds
each, 60°C for 30 seconds and 68°C for 55
seconds  followed  by  final  extension  at
68°C for 2 min (Table 2). 

http://snapgene.com/


Table 1. Primer information

Name Sequence number 
of bases

OD
/tube

Nmol/
tube

water 
added 
( l)

he10a_F_B1 5’CGGGATCCATGGCCCACAGCCACCGGG3’ 27 2 7.99 79.9

he10A_R_H3 5’CCCAAGCTTTCACTTGGAGGCTGTCATAAAGC3’ 32 2 6.74 67.4

Table 2. PCR conditions to amplify the endostatin segment

Step 1 2 3 4 5

Temperature (°C) 94 98 60 68 68
Time (min:sec) 2:00 0:10 0:30 0:55 2:00

Number of cycles 0 35 0 0 0

After PCR was completed, the sample were
electrophoresed  by  adding  the  DNA
loading  buffer  with  the  ratio  of  4:1.  A
marker (1x) for comparison was also added

in the gel (Figure 1). The gel was allowed
to  run  for  25  min  at  125  V.  The  same
marker and gel setting was used for all gel
electrophoresis experiments in the study. 

Figure 1. The marker

After  the  electrophoresis  was  completed,  gel
extraction  was  performed  by  using  the
E.Z.N.AR Gel Extraction Kit in order to obtain
a  pure,  single  PCR product  and gene  ladder.
Next, Hind III and BamH I which are two type
II restriction enzymes were used to digest the

results  from  the  gel  extraction.  The  20  ul
reaction system was composed of the plasmid
pDC316  vector  and  cDNA  templates  10  ul,
BamH I enzyme 1 ul,  Hind III  enzyme 1 ul,
CutSmart® buffer 2 ul, and water 6 ul. In the



process  of  enzyme  digestion,  the  tube  was
immersed in a 37 °C water bath for 3 hours. 

Those  DNA  segments  were  ligated  to  the
pDC316 plasmid (Figure 2) by adding t4 DNA

ligase.  The  20  ul  reaction  system  was
composed of water 15.3 ul, DNA segments 1.4
ul, pDC316 plasmid 0.3 ul, t4 DNA ligase 1ul,
and t4 buffer 2 ul. The mixture was incubated
at room temperature for 3 hours. 

Figure 2: pDC316 plasmid

Extraction of the identified plasmid

The  products  produced  by  ligation  were
transformed into competent E. coli DH5α cells
with  the  volume  10  ul  and  20  ul.  During
transformation, the ligation products were iced
for  30 minutes,  then  placed in  a  42°C water
bath  for  60  seconds,  and  then  placed  in  ice
again for 5 minutes. The resulting mixture was
transferred  evenly  onto  a  LB petri  dish,  in  a
100 ml scale  composed of 1g bacto-tryptone,
0.5g yeast extract,  1g NaCl,  q.s water to 100
ml,  0.5  g  agar  technical,  100  ul  ampicillin

solution  with  a  concentration  of  10  mg/mL.
The  petri  dish  was  incubated  in  a  37°C
incubator for 16 hours. 

Bacteria that were single and clear-edged were
selected from the petri dish after incubation and
amplified by PCR. The 20 ul reaction system
was composed of: water 5 ul, Taq PCR master
mix  10  ul,  both  F  and  R  primer  1ul,  and
bacteria template (made by 10 ul water and a
single  bacterial  colony  sample  of  3ul.  The
bacterial  PCR  conditions  were  designed  as
follows:  Initial  denaturation  at  95°C  for  3



minutes, 30 cycles of 94°C for 25 sec, 60°C for 25 sec and 72°C for 55 sec followed by final
extension at 72°C for 3 min (Table 3). 

Table 3. Bacterial PCR conditions

Step 1 2 3 4 5

Temperature(°C) 95 94 60 72 72

Time(min:sec) 3:00 0:25 0:25 0:55 3:00

Number of cycles 0 30 0 0 0

After PCR amplification of bacterial colonies,
the sample was electrophoresed for checking if
the  sample  contained  the  same  band as  that
from the first gel electrophoreses. This would
indicate  that  the  bacteria  contained  the
identified  plasmid.  A  single  and  clear-edged
bacterial sample was selected and added into a
6 ml liquid nutrition medium (In a 100 ml scale
composed  of  1g  bacto-tryptone,  0.5  g  yeast
extract,  1g  NaCl,  q.s  with  water  to  100  ml,
containing 100 ul ampicillin at a concentration
of  10  mg/mL.  The  tube  was  placed  on  a
laboratory shaker and shaken for 16 hours at a
reciprocating speed of 200-220 rpm/min.  The
plasmids were collected by using the E.Z.N.A®

endo-free  plasmid  extraction  mini  kit.   The
DNA sample was shipped at room temperature
to Sangon Guangzhou for DNA sequencing.  

Detecting the expression

Plasmids  were transfected  into  293T cells  by
following the PEI transfection protocol.  RNA
was extracted from the cells by following the
instructions  on  the  RNA  extraction  kit.  The
expression of the target gene in the transformed
cells  was  detected  by  RT-PCR  and
electrophoresis. The 25 ul reaction system was
composed of water  7.5 ul,  SuperRT® onestep
buffer 12.5 ul, SuperRT® onestep Enzyme Mix
0.5  ul,  both  F  and R primers  1  ul,and  RNA
extracted  from the  cells  2.5 ul.  The RT-PCR
conditions  were  designed  as  follows:  Initial
denaturation at 95°C for 2 minutes, 35 cycles
of 94°C for 30 sec, 55°C for 30 sec and 72°C
for 30 sec followed by final extension at 72°C
for 5 min (Table 4). 

Table 4. RT-PCR conditions for the RNA extracted from 293T cells

Step 1 2 3 4 5

Temperature(°C) 95 94 55 72 72

Time(min:sec) 2:00 0:30 0:30 0:30 5:00

Number of cycles 35

After the RT-PCR procedure, the protein was
identified using Agarose gel electrophoresis. 10
ul  of the processed RNA sample was sent to

Sangon Guangzhou for  DNA sequencing and
for confirming the result. 



Results

Figure  3  shows  the  DNA  band  that  was
obtained after the first gel electrophoresis. The
DNA band of endostatin is shown on the left
and that of the marker is shown on the right. By

comparing the DNA band of endostatin to the
bands of the marker ladder, the DNA band of
endostatin appears at > 500 bp, which matches
the gene sequence of endostatin with 555 bp. 

Figure 3. Electrophoresed DNA band of endostatin (left) and those of the marker (right) after 
PCR

 

The DNA sequence of the extracted  bacterial
plasmid was sequenced by Sangon Guangzhou
and was compared to the corresponding gene
sequences using the Snapgene® software.  The
representative  gene  sequence  is  shown  in
Figure  5.  No  differences  were  found  hence
confirming that the extracted bacterial plasmid
contained and expressed the endostatin gene. 

The RNA produced by transfected 293T cells
was reverse translated by the RT-PCR process
using  the   SuperRT® one  step  RT-PCR  kit.
Figure  4  shows  the  DNA  band  that  was
obtained  after  RT-PCR.  The  first  column
shows the ladder of the marker, the other lanes
being  the  band  of  the  product  DNA  (four



samples  were  run  in  order  to  confirm  the
results). They were all approximately 500 bp,
identical  to  the  result  of  the  first  gel

electrophoresis.  Therefore,  the  transfected
293T  cells  were  successfully  shown  to  have
expressed endostatin. 

Figure 4. DNA ladder showed in the gel electrophoresis after RT-PCR. 

The DNA sequence of reverse translated RNA
from transfected 293T cells was sequenced by
Sangon Guangzhou and was compared to the
corresponding correct gene sequences using the
Snapgene® software. There was no significant
difference  in  the  gene  sequences.  The

representative  gene  sequence  is  shown  in
Figure 5. Therefore, the RNA produced by the
293T cells originated from the endostatin gene.
The  reconstruction  of  endostatin  was  hence
deemed  successful.  A flowchart  of  the  entire
procedure is shown in Figure 6.



Figure 5: Gene sequence of Endostatin

Figure 6: A flowchart of the entire procedure



Discussion

pDC316 is an E1 shuttle plasmid, derived from
the  left  end  of  the  adenovirus  type  5  (AD5)
genome,  which  contains  the  human
cytomegalovirus  immediate  early  promoter,  a
polycloning site,  and simian virus  40 (SV40)
polyadenylation  signals  [16].  The  plasmid
pDC316 is very versatile, with both eukaryotic
and  prokaryotic  shuttle  capability  and  cell
promoter  originals.  Also,  pDC316  has  two
antibiotics  genes  which  makes  it  easy  for
expansion. Last but not the least, pDC316 has a
large  capacity  and  can  carry  large  gene
fragments.  Using the  advantages  of  pDC316,
this study successfully reconstructed endostatin
into  the  pDC316  plasmid  vector  and
transfected  the  identified  plasmid  into  293T
cells, which subsequently expressed endostatin
mRNA.

Several  improvements  can  be  made  in  this
study.  Subsequent  to RT-PCR,  the  protein
expression  in  transformed  cells  should  be
further confirmed by Western blotting. Western
blotting  is  a  useful  technique  that  combines
high  efficiency  gel  electrophoresis  and
immunochemical  analysis.  Western  blotting
has  the  advantages  of  high  sensitivity,  large
analysis capacity, and high efficiency. Western
blotting  is  one  of  the  most  commonly  used
methods  for  detecting  protein  expression  and
distribution [17]. 

For  future  experiments,  Adenovirus  type  5
(AD5)  can  be  used  to  package  the
reconstructed plasmid. Adenovirus is currently
one  of  the  most  stable,  reliable  and  efficient
recombinant  virus.  It  has  the  following
advantages:  1.  Wide  host  range.  Adenovirus
can infect a range of mammalian cells and it is
highly  compatible  with  293  cells  including
293T  cells.  2.  Because  the  infection  of
adenovirus does not depend on the cell cycle, it
can  infect  both  proliferating  cells  and  non-
proliferating  cells.  3.  Adenovirus  has  the
characteristics of epithelial cells, because most
tumor  cells  are  epithelial  cells,  which  makes

adenovirus very suitable for the field of gene
therapy. 4. It is strongly immunogenic [18,19].
After  packaging  the  recombinant  endostatin
with adenovirus, it can be used to infect certain
cells  from the  human body,  such as  vascular
endothelial cells. 

Since the pDC316 plasmid is derived from the
AD5  genome,  it  is  anticipated  that  the  AD5
adenovirus will provide nearly ideal conditions
for  packaging  the  plasmid  containing  the
recombinant  endostatin  gene.  The  AD5
adenovirus  can potentially  be  used  as  a  gene
therapy for endostatin delivery. 

Conclusion

Recombinant  endostatin possesses significant
inhibitory  activity  against  a  wide  range  of
murine tumors. The human form of endostatin
has also been produced in a recombinant form
and exhibits antiangiogenic activity [20], which
proves  endostatin’s  potential  value  in  future
clinical  applications.  Several  drugs  related  to
recombinant  endostatin  are  in  the  pipeline  at
different  stages  of  clinical  trials.  It  can  be
expected  that  more  antiangiogenic  drugs
related to recombinant endostatin will become
available for patients in the near future [21].

In  conclusion,  this  study  successfully
reconstructed  endostatin  into  a  pDC316
plasmid  vector  and  transfected  the  identified
plasmid  into  293T  cells,  which  subsequently
expressed endostatin mRNA. The final product
is anticipated to have potential value in clinical
trials and in angiogenesis gene therapy.
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