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A Novel Reconstruction and Expression of Endostatin with pDC316 Plasmid in Eukaryotic Cells 

Abstract
Endostatin is one of the strongest endothelial cell inhibitory factors that has been found so far, however, endostatin protein is extremely unstable and difficult to prepare and apply. The goal of this research is to investigate a novel biotechnology method to reconstruct endostatin. Subcloning endostatin gene into pDC316 plasmid and transfect into human embryonic kidney 293T cells is proposed in this research. 

Endostatin gene is amplified by polymerase chain reaction (PCR). Purified endostatin gene fragments were ligated to eukaryotic expression vector pDC316. The reconstructed plasmids were transformed into competent cells E. coli DH5α. Single and clear-edged bacteria are tested by bacterial PCR and electrophoresis. Plasmid was extracted from the positive bacteria and was sequenced for further confirmation. The endostatin containing plasmid was transfected into 293T cells, the expression of the target gene in the infected cells was detected by reverse transcription-polymerase chain reaction(RT-PCR) and gel electrophoresis. 

The final product reconstructed by endostatin DNA with the pDC316 vector was confirmed by sequencing and endostatin mRNA was successfully expressed in transfected 293T cells. This research successfully reconstructed endostatin into pDC316 plasmid vector and transfected the identified plasmid into 293T cells. This recombinant endostatin has potential value angiogenesis gene therapy. 
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Background
More than 40 years ago, Judah Folkman published a revolutionary new way to think about tumor and shared his new hypothesis that tumor growth is angiogenesis dependent [1]. Angiogenesis is the physiological process that new blood vessels form from pre-existing blood vessels [2]. Over years, evidences are found to support Folkman’s idea and a new generation of research about angiogenesis has occurred [1]. In 1994, O’Reilly et al. discovered the first anti-angiogenic peptide named angiostatin, and since the discovery of angiostatin, other anti-angiogenic peptide with different collagen has been found [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 to human on the understanding of angiogenesis [3]. 

Endostatin is a 20-kDa fragment located at the C-terminal of the noncollagenous (NC1) domain of the type XVIII collagen and it occurs as a globular protein in humans [3,5]. Under normal human physiological circumstances, angiogenesis is highly controlled by some chemical signals in the body such as 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 would lead to pathological hyperplasia and neoplastic diseases [7,8]. It has been established that tumor growth and cancer depends on angiogenesis [9]. A variety of experiments can confirm that endostatin has an inhibitory effect on growing blood vessels, but has no effect on resting blood vessels, which can effectively limit uncontrolled angiogenesis [1]. The inhibitory effect of endostatin on angiogenesis is very important because of its potential as a cancer treating agent. 

In recent years, there have been more and more researches that focus on endostatin anti-tumor angiogenesis therapy. The production of recombinant endostatin is difficult and it requires a large scale, therefore, different expression systems that aimed in recombinant endostatin production have been discovered and used in different studies. Those expression systems that involved in recombinant endostatin production includes: E. coli expression system, yeast expression system, and mammalian cell expression system [10,11]. E. coli expression system have a high expression level, but the products mostly exist in the form of insoluble inclusion bodies, causing inconvenience in the application [12]. Although the protein is soluble after refolding, a large amount of protein will be lost during this process. The expression product of mammalian cells has high biological activity, but low expression level, which is also difficult to purify [13]. Although the yeast expression system has high yield and is easy to purify compared to the other two [14], the transduction of the endostatin gene through an appropriate vector is a more concise method because of its strong capacity and efficiency. The endostatin gene is delivered by an appropriate vector to make it a long-term and stable expression of endostatin in the body, which can make up for the deficiency of protein therapy. It has been confirmed that liposomes, adenovirus, retrovirus, adeno-associated virus, and lentivirus are all effective vectors [15]. Compared with non-viral vectors, higher plasma concentrations of endostatin will be obtained after transfection with viral vectors.

[bookmark: _Hlk50407650]In this study, I propose to reconstruct endostatin by using pDC316 plasmid and transfect the product into human embryonic kidney 293T cells. RT-PCR and electrophoresis was used to confirm the production of correct RNA in 293T cells. 


Method 
Combine Endostatin fragment with pDC316 vector
The Endostatin segment was amplified by using polymerase chain reaction. The 50ul reaction system includes: water 33.7ul, dNTP 5ul, 5x KOD buffer 5 ul, both F and R primer 1.5ul, endostatin cDNA template 0.3ul, KOD enzyme 1ul, and MgSO4 solvent 2ul. 

[bookmark: OLE_LINK1]The sequence of the forward primer is 5’CGGGATCCATGGCCCACAGCCACCGGG and the sequence of the reverse primer is 5’CCCAAGCTTTCACTTGGAGGCTGTCATAAAGC (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, 60°C for 30 seconds and 68°C for 55 sec followed by final extension at 68°C for 2 min (Table 2). 
	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 1. Details of both primers

	Step
	1
	2
	3
	4
	5

	[bookmark: OLE_LINK2]Temperature(°C)
	94
	98
	60
	68
	68

	[bookmark: OLE_LINK3]Time(min:sec)
	2:00
	0:10
	0:30
	0:55
	2:00

	Go to
	0
	0
	0
	2
	0

	Cycle
	0
	0
	0
	35
	0



Table 2. PCR conditions

After PCR was completed, the sample were electrophoresed by adding the DNA loading buffer with the ratio of 5:1. A marker(1x) for comparison was also added in the gel (Fig 1). The gel runs for 20 min under 150V. The same type of marker and the same gel setting is also used for the rest of gel electrophoresis through the whole study. 
[image: ]
Figure 1. The marker

After the electrophoresis was completed, gel extraction was performed by using E.Z.N.A Gel Extraction Kit (OMEGA) in order to obtain a pure, single PCR product and gene ladder. Next, HindIII and BamH I which are two type II restriction enzymes was used to digest the results from gel extraction. The 20ul reaction system includes: pDC316 vector or cDNA templates 10 ul, BamH I enzyme 1ul, Hind III enzyme 1 ul, CadSmart buffer 2ul, and water 6ul. In the process of enzyme digestion, the tube was put in a 37 °C water bath for 3 hours. 

Those DNA segments were ligated to pDC316 plasmid (Fig 2) by adding t4 DNA ligase. The 20ul reaction system includes: water 15.3ul, DNA segments 1.4ul, pDC316 plasmid 0.3ul, t4 DNA ligase 1ul and t4 buffer 2ul. The mixture was incubated under room temperature for 3 hours. 
[image: ]
Figure 2. pDC316 plasmid

Extract the identified plasmid
The products produced by ligation are transformed into competent cells E. coli DH5α with the volume 10ul and 20ul respectively. During transformation, it needs to be iced for 30 minutes and then placed in a 42°C water bath for 60 seconds. The resulting mixture was transferred evenly onto a LB petri dish. The petri dish was incubated in a 37°C incubator for 16 hours. 

Bacteria that showed single and clear-edged were selected from the petri dish after cultivation and run bacterial colony PCR by adding the same primers. The 20ul reaction system includes: water 5ul, Taq PCR master mix 10ul, both F and R primer 1ul,and bacteria template (made by 10ul water and a single bacteria) 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). 

	Step
	1
	2
	3
	4
	5

	[bookmark: OLE_LINK4][bookmark: OLE_LINK5]Temperature(°C)
	95
	94
	60
	72
	72

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

	Goto
	0
	0
	0
	2
	0

	Cycle
	0
	0
	0
	30
	0



Table 3. Bacterial PCR conditions

After the bacterial PCR was completed, the sample was electrophoresed for checking if the sample contains the same ladder as the first gel electrophoresis showed. If the sample shows the same ladder, it can prove that the bacteria contains the identified plasmid. Select a single and clear-edged bacteria sample and add it into a 6ml liquid nutrition medium. Shake the tube on a shaker for 16 hours to mix the substances. The plasmids were collected by using E.Z.N.A endo-free plasmid extraction mini kit (OMEGA). The DNA sample was sent to Sangon Guangzhou for DNA sequencing.  


Detect the expression
Plasmids were transfected into 293T cells following the PEI transfection protocol. Extract RNA from the cells by following the RNA extraction kit (CW bio). The expression of the target gene in the infected cells was detected by RT-PCR and electrophoresis. The 25ul reaction system includes: water 7.5ul, SuperRT onestep buffer 12.5ul, SuperRT onestep Enzyme Mix 0.5ul, both F and R primer 1ul,and RNA extracted from the cells 2.5ul. 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). 

	Step
	1
	2
	3
	4
	5
	6

	Temperature(°C)
	45
	95
	94
	55
	72
	72

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

	Goto
	0
	0
	0
	0
	3
	0

	Cycle
	0
	0
	0
	0
	35
	0




Table 4. RT-PCR conditions

After RT-PCR, run Agarose gel electrophoresis for identification. 10 ul of the processed RNA sample was sent to Sangon Guangzhou for DNA sequencing and confirming the result. 







Results
Fig 3 shows the DNA ladder that showed after the first gel electrophoresis. The DNA ladder of endostatin is shown on the left and the marker is shown on the right. By comparing the DNA ladder of endostatin to the ladders showed by the marker, the DNA ladder of endostatin is approximately a bit more than 500bp. 

 [image: ../Picture1.png]
Figure 3. DNA ladder of endostatin(left) and the marker(right) after PCR

The DNA sequence of extracted bacterial plasmid was sequenced by Sangon Guangzhou and was compared to the corresponding correct gene sequences by Snapgene and there is no difference. Therefore, the extracted bacterial plasmid is correct. 

The RNA produced by transfected 293T cells was reverse translated by the RT-PCR process using superRT one step RT-PCR kit. Fig 4 shows the DNA ladder that showed after the agarose gel electrophoresis and RT-PCR. As shown in Fig 4, the first column shows the ladder of the marker and the rest of them are the ladder of the product DNA (four samples in order to make sure the result is correct). They are all approximately more than 500 bp which is the same as the result of the first gel electrophoresis. Therefore, the transfected 293T cells have successfully expressed endostatin. 
[image: ../Picture1.png]

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 by Snapgene and there is no significant difference. Therefore, the RNA produced by 293T cells was correct and the reconstruction of endostatin was successful. 



Discussion
pDC316 is an E1 shuttle plasmid, derived from the left end of the adenovirus type 5 (AD5) genome, which contains 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 with both prokaryotic and eukaryotic cell promoter originals. Also, pDC316 has two antibiotics genes which is easy for expansion. Last but lost least, pDC316 has a large capacity and can carry large fragments genes. Using the advantages of pDC316, this study successfully reconstructed endostatin into pDC316 plasmid vector and transfected the identified plasmid into 293T cells, which correctly expresses endostatin mRNA.

There are several parts that can be improved in this experiment. After RT-PCR, the protein expression in infected 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. In nowadays, western blot is one of the most commonly used methods for detecting protein expression and distribution [17]. 

For future experiments, the most important thing that can be done is to use Adenovirus type 5(AD5) 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, which is important for further studies on human. 

Using AD5 adenovirus for package will also highly combines with the recombinant endostatin because pDC316 plasmid is derived from the AD5 genome. Combining the advantages of pDC316 plasmid and AD5 for packaging, the result is likely to be helpful in the use of endostatin in humans. 

Conclusion
In mice, recombinant endostatin has shown significant inhibitory activity against a wide range of 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 application. Nowadays, 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 final conclusion, this study successfully reconstructed endostatin into pDC316 plasmid vector and transfected the identified plasmid into 293T cells, which correctly expresses endostatin mRNA. The final product would have potential value in clinical trials and angiogenesis gene therapy.
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