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(57) Abstract: In order to improve mRNA stability and trans-
latabihty in cells, the present invention provides pVec that is
obtained through in turn constructing pcDNA3.1 -5'UTR-
MCS-3'UTR- pA, pcDNA3.1 -5'UTR-MCS (no Spel, Bam-
HI/EcoRI)-3'UTR-pA, pVecO-5S'UTR-MCS (no Spel, Bam-
HI/EcoRI)-3'UTR-pA, achieving pVecl -5'UTR-MCS (no
Spel, BamHI/EcoRI)- 3'UTR-pA, referred to as pVec. It con-
tains CMV enhancer/promoter, T7 promoter, S'UTR, MCS,
3'UTR, poly A (120A)-TTATT, BGH poly (A) signal, kana-
mycin resistance gene and pUC origin, etc., and is mainly
characterized in being able to enhance the stability and trans-
latabihty of the in vitro transcribed mRNA in cells. pVec can
be both a DNA vaccine or drug vector and an mRNA vaccine
or drug vector. The present invention also provides the con-
struction of pVec-GM-CSF, pVec-hlL-12 and pVAX1 -hlL-
12, which are as application examples of evaluating the bene-
fits of pVec.
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A UNIVERSAL NUCLEIC ACID DRUG VECTOR ENHANCING MRNA STABILITY
AND TRANSLATABILITY

DESCRIPTION
BACKGROUND OF THE INVENTION

The present invention in the field of biotechnology relates to a nucleic acid drug. In
particular, the present invention relates to a universal nucleic acid drug vector enhancing

MRNA stability and translatability.

The nucleic acid drug applies DNA and RNA as a vaccine or a therapeutic drug of

prevention and treatment of diseases for clinical use.

For many years, RNA has been considered to be unstable and susceptible to degradation.
Thus most research in nucleic acid drugs, in particular nucleic acid vaccines, is based on
DNA vaccines. A DNA vaccine is a plasmid DNA containing a foreign antigen gene
sequence. It is delivered into the host body and enters the nucleus through the cellular and
nuclear membranes. In the nucleus, the delivered foreign antigen gene DNA is transcribed
into MRNA, which is then transported to the cytoplasm and translated into protein. The
expressed protein can induce an immune response against the antigen, achieving the
purpose of prevention and treatment of diseases such as cancer and viral diseases.
Conventional DNA vaccine vectors include pcDNA3.1 and pVAX1. Among them, pcDNA3.1
contains an ampicillin resistance gene, which means the vector is banned by US Food and
Drug Administration (FDA) from human clinical use. Since a DNA vaccine does not easily
pass through the cellular and nuclear membranes, only a few DNA molecules can enter the
nucleus, making it difficult to stimulate the body and further elicit a strong immune response.
Therefore, no DNA vaccine has yet been approved for human clinical use. Currently, the
employed electroporation method greatly improves the immune effect of DNA vaccines, but
there are still concerns regarding whether the plasmid DNA can be integrated into the host

cell’'s genome.

In recent years, improvements in plasmid vectors have increased the stability of the in vitro
transcribed mRNA, turning our attention to RNA drugs, especially to mRNA vaccines.
Based on pGEM4Z/A64 vector, pGEM4Z/GFP/A64 and pGEM4Z/OVA/A64 are constructed
and made into templates for producing the in vitro transcribed mRNAs, which are

inoculated via the intranasal route to induce anti-tumor immunity (Ref 1). Using pcDNA3.1-
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64A and pSP73-Sph/A64, several vectors containing tumor-associated antigens (TAA),
glucocorticord-induced TNFR-related protein monoclonal antibody (GITR mAb) and
cytotoxic T-lymphocyte-associated protein-4 mAb (CTLA-4 mADb), are respectively
constructed and used for producing the corresponding in vitro transcribed mRNAs, which
are electroporated into dendritic cells (DC). Subsequently the DC-mRNA vaccines are used
for enhancing anti-tumor immunity (Ref 2). pSpjC-BglacZBga, and pT7TSBggfpBga, are
constructed, characterized in that both sides of LacZ and GFP genes are respectively 5 -
untranslated region (UTR) and 3’'UTR from xenopus laevis B-globin (Ref 3). The plasmid
vectors containing TAA such as mucin1 (MUC1), carcinoembryonic antigen (CEA), human
epidermal growth factor receptor 2 (Her-2/neu), telomerase, survivin and melanoma-
associated antigen 1 (MAGE-1) are respectively constructed utilizing pSP64-Poly (A)-
EGFP-2 provided by V.F.l. Van Tendeloo and taken as the templates for producing the in
vitro transcribed mRNAs, which are used for anti-tumor immunity (Ref 4). Also 8Top UTR
is artificially synthesized and applied for increasing mRNA stability (Pat 1). In 2015 several
plasmids containing multiple mutant major histocompatibility complex (MHC) class I
epitope sequences are respectively constructed using pST1-Sp-MITD-2hBgUTR-A120 and
used for producing the in vitro transcribed mRNAs, which are inoculated into the body for

generating personalized anti-cancer immunity (Ref 5).

Among the above mentioned vectors, pGEM4Z/A64, pcDNA3.1-64A, pSP73-Sph/A64 and
pSP64-Poly (A)-EGFP-2 don't have 5UTR and 3'UTR, and contain only a short
polyadenylation (poly A) tail (64A) so that the mRNA in vitro transcribed utilizing the above
vectors is susceptible to degradation. Although containing 5 UTR and 3’'UTR, pSpjC-
BglacZBga, and pT7TSBggfpBgan contain 3UTR with only a xenopus laevis B-globin so
that their effect of stabilizing the in vitro transcribed mRNA is not ideal. pST1-Sp-MITD-
2hBgUTR-A120 contains 3’'UTR (with two B-globin) and poly A (120A), but it does not
contain the TTATT sequence as a terminator after poly A (120A) and its 5’UTR is not ideal.
Therefore, there is still room for improvement. Other reported mRNA cancer vaccine
vectors that are not mentioned here are mostly made with minor improvements on the

above plasmids.

Currently almost all the bacterial antibiotic resistance genes of plasmid vectors for
generating the in vitro transcribed mRNA vaccines are ampicillin resistance genes. Before

the in vitro transcribed mRNA can be deemed effective for human clinical use, it is
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necessary to check whether the ampicillin resistance gene remains in the final product. In
addition, according to the provisions of the FDA, the plasmid vectors containing the

ampicillin resistance gene cannot be used as DNA vaccines for human clinical use.

Patent citations
Cited patent Filing date Publication date Applicant Title

1. US 20150050302 A1 Mar 27, 2013 Feb 19, 2015 Andreas Thess Atrtificial nucleic

acid molecules comprising a 5’top utr.

REFERENCES

1.Phua KK, Staats HF, Leong KW, Nair SK. Intranasal mRNA nanoparticle vaccination
induces prophylactic and therapeutic anti-tumor immunity. Sci Rep. 2014; 4:5128.

2. Pruitt SK, Boczkowski D, de Rosa N, et al. Enhancement of anti-tumor immunity through
local modulation of CTLA-4 and GITR by dendritic cells. Eur J Immunol. 2011; 41(12):
3553-63.

3. Hoerr |, Obst R, Rammensee HG, Jung G. In vivo application of RNA leads to induction

of specific cytotoxic T lymphocytes and antibodies. Eur J Immunol. 2000; 30 (1): 1-7.

4. Rittig SM, Haentschel M, Weimer KJ, et al. Intradermal vaccinations with RNA coding for
TAA generate CD8+ and CD4+ immune responses and induce clinical benefit in vaccinated
patients. Mol Ther. 2011; 19 (5): 990-9.

5. Kreiter S, Vormehr M, van de Roemer N, et al. Mutant MHC class |l epitopes drive

therapeutic immune responses to cancer. Nature 2015; 520 (7549). 692-6.

SUMMARY OF THE INVENTION

The object of the present invention is to provide a universal nucleic acid drug vector

enhancing mMRNA stability and translatability.
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To achieve the object of the present invention, the technical program used is as follows.

First of all, conventional pcDNA3.1 is taken as the vector backbone and inserted with the
fragment containing restriction endonuclease Agel, Clal, Sacll and Spel sites obtained by
polymerase chain reaction (PCR) method after Apal and Pmel sites of multiple cloning sites
(MCS) of the vector. Then the fragment containing poly A (120A) and TTATT (termination
sequence) is inserted between Sacll and Spel sites of the above vector; the fragment
containing the first human B-globin 3'UTR is inserted between Clal and Sacll sites; the
fragment containing the second human B-globin 3'UTR is inserted between Agel and Clal
sites; the fragment containing artificially designed and synthesized DNA as S5UTR is
inserted before Nhel site. Through the above steps, pcDNA3.1-5UTR-MCS-3'UTR-pA is

constructed.

To delete Spel site in the MCS, pcDNA3.1-5UTR-MCS-3'UTR-pA is digested with BamHI
and EcoRl, blunted and then self-ligated by head to tail connection, obtaining pcDNA3.1-
5UTR-MCS (no Spel, BamHI/EcoRI)-3UTR-pA.

To replace the ampicillin resistance gene of the vector with a kanamycin resistance gene,
the fragment containing Miul-MCS-Bbsl region of pcDNA3.1-5UTR-MCS (no Spel, BamHI/
EcoRI)-3'UTR-pA is obtained by digesting pcDNA3.1-5UTR-MCS (no Spel, BamHI/EcoRlI)-
3'UTR-pA with Mlul and Bbsl, and then subcloned between Mlul and Bbsl sites of pVAX1,
obtaining pVec0-5UTR-MCS (no Spel, BamHI/EcoRI)-3'UTR-pA.

To conveniently replace the kanamycin resistance gene of the vector with other non-
bacterial antibiotic resistance gene in the future, the fragment containing Bbsl-Pacl-KanR-
Pacl-BspHI region obtained by PCR is subcloned into Bbsl and BspHI (second BspHI) sites
of pVecO-5UTR-MCS (no Spel, BamHI/EcoRI)-3'UTR-pA, obtaining pVec1-5UTR-MCS
(no Spel, BamHI/EcoRI)-3'UTR-pA (with Bbsl-Pacl-KanR-Pacl-BspH]I), referred to as pVec.

In order to evaluate the benefits of pVec, the present invention also provides the
constructed pVec-GM-CSF, which shows that pVec can be a DNA vaccine or drug vector
as well as an mRNA vaccine or drug vector. In addition, the present invention also provides
the constructed pVec-hIL-12 and pVAX1-hIL-12, which demonstrate that the stability of the
in vitro transcribed mMRNA generated by taking pVec-hlL-12 as a template is firm and the

amount of the corresponding hlL-12 expression is high.
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BRIEF DESCRIPTION OF THE DRAWINGS
Fig.1 shows pVec vector map

The nucleotide length of pVec: 3391 bp
CMV enhancer: bases 36-415

CMV promoter: bases 416-619

T7 promoter: bases 664-682

5’UTR: bases 702-785

Multiple cloning sites: bases 786-878
3’UTR: bases 885-1149

Poly A: bases 1156-1275

BGH poly (A) signal: bases 1304-1528
Kanamycin resistance gene: bases 1709-2503

pUC origin: bases 2738-3326

DETAILED DESCRIPTION OF THE INVENTION

The present invention provides pVec, which is constructed using conventional molecular

biotechnologies through the following steps.

Taking conventional pcDNA3.1 as a template, the fragment containing restriction
endonuclease Agel, Clal, Sacll and Spel sites (SEQ ID NO: 1) is obtained via polymerase
chain reaction (PCR) using the forward primer (SEQ ID NO: 2) and the reverse primer
(SEQ ID NO: 3), subcloned after Apal and Pmel sites of the MCS of pcDNA3.1 and
transformed into top10 chemically competent E.coli cells or DH5 alpha competent cells,
obtaining pcDNAS.1-MCS-Apal-Pmel-Agel-Clal-Sacll-Spel.
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To insert poly A (120A) tail-TTATT sequence, several synthesized oligonucleotides
including polyAF1 (SEQ ID NO: 4), polyAF2 (SEQ ID NO: 5), polyAF3 (SEQ ID NO: 6),
polyAR1 (SEQ ID NO: 7) and polyAR2 (SEQ ID NO: 8) are phosphorylated with T4
polynucleotide kinase (New England Biolabs, Cat #: M0201S), denatured at 94°C for 10
minutes, annealed at room temperature for 30 minutes and ligated with T4 DNA ligase, and
then subcloned into dephosphorylated Sacll and Spel sites of pcDNA3.1-MCS-Apal-Pmel-
Agel-Clal-Sacll-Spel, obtaining pcDNA3.1-MCS-Apal-Pmel-Agel-Clal-Sacll-poly A (120A)-
TTATT-Spel. The nucleotide sequence of the inserted poly A (120A)-TTATT sequence is
as set forth in SEQ ID NO: 9.

To insert 3UTR (from human [-globin), the synthesized oligonucleotides including
J'UTRCIlalF1 (SEQ ID NO: 10), 3UTRClalF2 (SEQ ID NO: 11), 3UTRSacllR1 (SEQ ID
NO: 12) and 3UTRSacliR2 (SEQ ID NO: 13) are phosphorylated, denatured, annealed and
ligated with T4 DNA ligase, then subcloned into dephosphorylated Clal and Sacll sites of
pcDNAS.1-MCS-Apal-Pmel-Agel-Clal-Sacll-poly A (120 A)-TTATT-Spel, obtaining
pcDNAS.1-MCS-Apal-Pmel-Agel-Clal-3'UTR (B-globin)-Sacll-poly A (120 A)-TTATT-Spel.

To insert another 3'UTR (B-globin), the synthesized oligonucleotides including
3'UTRAgelF1 (SEQ ID NO: 14), 3UTRAgelF2 (SEQ ID NO: 15), 3UTRClalR1 (SEQ ID NO:
16) and 3'UTRClalR2 (SEQ ID NO: 17) are phosphorylated, denatured, annealed and
ligated with T4 DNA ligase, and then subcloned into dephosphorylated Agel and Clal sites
of pcDNA3.1-MCS-Apal-Pmel-Agel-Clal-3UTR (B-globin)-Sacll-poly A (120 A)-TTATT-
Spel, obtaining pcDNA3.1-MCS-Apal-Pmel-Agel-3UTR (B-globin)-Clal-3’'UTR (B-globin)-
Sacll-poly A (120 A)-TTATT-Spel. The nucleotide sequence of 3UTR is as set forth in SEQ
ID NO: 18.

To insert 5’UTR, the oligonucleotides including 5’UTRF1 (SEQ ID NO: 19), SUTRF2 (SEQ
ID NO: 20), UTRR1 (SEQ ID NO: 21) and 5UTRR2 (SEQ ID NO: 22) designed and
synthesized by referencing eukaryotic 18s rRNA sequence are phosphorylated, denatured,
annealed and ligated with T4 DNA ligase, and then subcloned into dephosphorylated Nhel
and Aflll sites of pcDNA3.1-MCS-Apal-Pmel-Agel-3'UTR (B-globin)-Clal-3UTR (B-globin)-
Sacll-poly A (120 A)-TTATT-Spel, resulting in 5UTR inserted before Nhel and obtaining
pcDNAS.1-5UTR-MCS-3'UTR-pA. The nucleotide sequence of 5’UTR is as set forth in
SEQ ID NO: 23.
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To delete Spel site between BamHI and EcoRI sites of the MCS, pcDNA3.1-5'UTR-MCS-
3'UTR-pA is digested with BamHI and EcoRI, blunted and then self-ligated by head to tail
connection, obtaining pcDNA3.1-5UTR-MCS (no Spel, BamHI/EcoRI)-3’'UTR-pA.

To replace the ampicillin resistance gene of the vector with a kanamycin resistance gene,
the fragment containing Miul-MCS-Bbsl region of pcDNA3.1-5UTR-MCS (no Spel, BamHI/
EcoRI)-3'UTR-pA is obtained by digesting pcDNA3.1-5UTR-MCS (no Spel, BamHI/EcoRlI)-
3'UTR-pA with Mlul and Bbsl, and then subcloned between Mlul and Bbsl sites of pVAX1,
obtaining pVec0-5UTR-MCS (no Spel, BamHI/EcoRI)-3'UTR-pA.

To conveniently replace the kanamycin resistance gene of the vector with other non-
bacterial antibiotic resistance genes in the future, the fragment containing Bbsl-Pacl-KanR-
Pacl-BspHI region is obtained via PCR by taking pVecO-5UTR-MCS (no Spel,
BamHI/EcoRI)-3'UTR-pA as a template and using the forward primer (SEQ ID NO: 24) and
the reverse primer (SEQ ID NO: 25), subsequently subcloned into Bbsl and BspHI (second
BspHI) sites of pVec0-5UTR-MCS (no Spel, BamHI/EcoRI)-3'UTR-pA, achieving pVec1-
5UTR-MCS (no Spel, BamHI/EcoRI)-3UTR-pA (with Bbsl-Pacl-KanR-Pacl-BspHI),

referred to as pVec.
pVec complete nucleotide sequence is as SEQ ID NO: 26.

The present invention provides pVec that contains CMV enhancer/promoter, T7 promoter,
5UTR, MCS, 3'UTR, poly A (120A)-TTATT, BGH poly (A) signal, kanamycin resistance
gene and pUC origin, etc. pVec has the following characteristics: 1) the vector is relatively
small (3,391 bp), which can accommodate large exogenous gene sequences; 2) after T/
promoter of the vector, there are 5UTR, MCS, 3'UTR, poly (120A)-TTATT, etc., which can
enhance the stability and translatability of the in vitro transcribed mRNA; 3) restriction
endonuclease Spel site of the MCS is deleted and another Spel site is inserted after poly A
(120A)-TTATT sequence of the vector so that it is easy to generate the linearized plasmid
DNA with Spel digestion, further produce the in vitro transcribed mRNA and RNA vaccines
or therapeutic drugs; 4) the vector contains pUC origin, CMV enhancer/promoter, MCS,
BGH poly (A) signal and kanamycin resistance gene, which can be used as DNA vaccines
or therapeutic drugs for human clinical use; 5) when used as a DNA vaccine or drug, the
components comprising SUTR, MCS, 3UTR and poly A (120A)-TTATT etc. of the vector

can effectively enhance the stability and translatability of the mRNA transcribed from the
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vector in cells than that of other conventional DNA vaccine vectors such as pcDNA3.1 and
pVAX1; 6) on both sides of the kanamycin resistance gene of the vector, the restriction
endonuclease Pacl sites are respectively inserted so that the kanamycin resistance gene of
the vector can be easily replaced with other non-antibiotic resistance genes, further

generating the DNA vaccine with the non-antibiotic selection gene.

Example 1: Construction and expression of pVec-GM-CSF

Taking pCMV-SPORT6-GM-CSF [purchased from Open Biosystems, human granulocyte
macrophage colony stimulating factor (GM-CSF), GenBank accession number:
BC108724.1] as a template, the product obtained by PCR amplification using the forward
primer designed and synthesized according to Kozak sequence principle (SEQ ID NO: 27)
and the reverse primer (SEQ ID NO: 28) is subcloned into Hindlll and Xhol sites of pVec,
which is transformed into E.coli cells (e.g., top10 chemically competent E. coli cells or DHS

alpha competent cells), obtaining pVec-GM-CSF.

pVec-GM-CSF is purified with Qiaprep spin miniprep kit (Qiagen, Cat #: 27106), digested
with restriction endonuclease Spel, obtaining the linearized plasmid DNA. A small amount
of the above Spel cut plasmid DNA is used for detecting whether pVec-GM-CSF is
completely linearized by 1% agarose gel electrophoresis. The mixture of 100 pl Spel cut
plasmid DNA reaction solution with about 500 ul Buffer PB is transferred into a spin column,
centrifuging for 30 seconds and discarding the effluent (flow-through). Then 750 ul Buffer
PE is added into the above spin column, centrifuging for 30 seconds and draining the
effluent, again centrifuging for 1 minute. The spin column is put into a clean micro-
centrifuge tube, adding 30 pl H,O to the spin column, standing for 1 minute and centrifuging
for 1 minute. The concentration of the purified linearized pVec-GM-CSF is checked, further

adjusting the concentration to 0.5 to 1 ug/ul.

The in vitro transcribed mMRNA from pVec-GM-CSF is generated using HiScribe™ T7 High
Yield RNA Synthesis Kit (New England Biolabs, Cat # E2040S) and 3'-0-Me-
m’G(5")ppp(5')G RNA Cap Structure Analog (ARCA, New England Biolabs, Cat #: S1411S)
through the following steps.



WO 2017/123242 PCT/US2016/013588

In detail, the following reagents are added into a 1.5 ml micro-centrifuge tube at room

temperature.

Nuclease-fres water K 4l

10 X reaction buffer 2 Ml

ATP (100 mM) 2.l 10 mM final
UTP (100 mM) 2l 10 mM final
CTP (100 mM) 2l 10 mM final
GTP (20 mM) 2l 2 mM final
ARCA (40 mM) 4 8 mM final
Template DNA (linearized) X ul 1 Mg

T7 RNA polymerase mix 2 i

Total reaction volume 20 pl

After mixing well and pulse-spinning, the above reaction tube is incubated at 37 °C for 2
hours. To remove the template DNA, 70 yl nuclease-free H,O, 10 pl of 10X DNase | buffer
and 2 ul DNase | (New England Biolabs, Cat # M0303S) are added into the above reaction

tube, incubating at 37 °C for 15 minutes.

Using RNeasy mini kit (Qiagen, Cat #: 74104), the in vitro transcribed mRNA from pVec-
GM-CSF is purified by the following steps.

About 20 to 30 pl of the above in vitro transcribed mRNA is taken and transferred into a
micro-centrifuge tube (nuclease-free), 350 ul Buffer RLT containing 1% B-mercaptoethanol
(B-ME) is added into the above tube. After thoroughly mixing with pipette, adding an equal
volume of 70% ethanol and mixing again, the above mixture is transferred into a spin
column for centrifuging and draining the effluent (flow-through). 700 ul Buffer RW1 is added
into the above spin column, draining the effluent after centrifugation. 500 pl Buffer RPE is
added into the above spin column, centrifuging, draining the effluent and repeating twice.
After centrifuging for 1 minute, the spin column is transferred into a clean micro-centrifuge

tube (nuclease-free) and 30 pl nuclease-free H,O is added into the spin column, standing
9
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for 1 minute and then centrifuging. The resulting product is the purified in vitro transcribed
MRNA from pVec-GM-CSF. The concentration of the above mRNA is checked using
nanodrop spectrophotometer and then its quality is detected by 1 % formaldehyde agarose

gel electrophoresis.

pVec-GM-CSF DNA (5 ug) and the in vitro transcribed mRNA from pVec-GM-CSF (5 ug)
are respectively electroporated into 1X10° cells (e.g., mouse B16F10 cells or D5LacZ cells,
etc.) in a 0.2 cm cuvette at the condition of 350 V and 500 us. The above cells
electroporated with the DNA or mRNA are cultured in a cell culture medium at 5% COy,

37°C for 36 hours and the supernatants are respectively collected.

Using human GM-CSF enzyme-linked immunosorbent assay (ELISA) kit (eBioscience, Cat
#. 88-8337-22), human GM-CSF expression in the supernatant is detected by the following

steps.

The ELISA plate is coated with 100 ul capture antibody diluted with 1X coating buffer at the

ratio of 1:250 for each well, sealed and incubated at 4°C overnight.

After discarding the coating solution, rinsing with wash buffer [1X phosphate-buffered saline
(PBS) containing 0.05% Tween-20] 3 times, at least 1 minute each time, and patting dry,
the above plate is added with 200 yl of 1X ELISA/ELISPOT Diluent for each well and

incubated at room temperature for 1 hour.

According to the previous method, the above plate is washed and then added with 100 pl of
1X ELISA / ELISPOT Diluent diluted standard human GM-CSF or 100 pl of the collected

supernatant for each well, sealed and incubated at room temperature for 2 hours.

The plate is washed according to the previous method 3 to 5 times, then added with 100 pl
of 1X ELISA/ELISPOT Diluent diluted detection antibody for each well, sealed and

incubated at room temperature for 1 hour.

The plate is washed according to the above method 3 to 5 times, then added with 100 pl of
1X ELISA/ELISPOT Diluent diluted Avidin-HRP for each well, sealed and incubated at

room temperature for 30 minutes.

The plate is washed according to the above method 5 to 7 times, and added with 100 pl of

1X TMB solution for each well, and incubated at room temperature for 15 minutes.

10
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Then 50 pl of 2 M H,SO4 stop solution is added into each well of the above plate. The
concentration of human GM-CSF expressed in the cell supernatant is determined by

measuring O.D value at 450 nm using micro-plate reader.

The results show that both the cells electroporated with pVec-GM-CSF DNA and the cells
with the in vitro transcribed mRNA from pVec-GM-CSF can express human GM-CSF. In
addition, experiments demonstrate that the in vitro transcribed mRNA from pVec-GM-CSF

can remain stable at room temperature more than three weeks.

Example 2: Construction of pVec-hlL-12 and the comparison with pVAX1-hIL-12

Human interleukin-12 (hIL-12) gene is obtained by digesting pORF-hIL-12 G2 (InvivoGen)
with Sall and Nhel, and subcloned into Xhol and Xbal sites of pVec, obtaining pVec-hIL-12.
Also, hlL-12 gene is subcloned into Xhol and Xbal sites of pVAX1 (invitrogen), obtaining
pVAX1-hIL-12.

Using the above mentioned method, pVec-hlL-12 and pVAX1-hIL-12 are respectively
purified with Qiaprep spin miniprep kit (Qiagen, Cat # 27106) and linearized by Spel
digestion, obtaining the corresponding linearized plasmid DNAs. The concentration of the
resultant linearized pVec-hlL-12 and pVAX1-hlL-12 is checked, then adjusting their

concentration to 0.5 to 1 pg/ul.

The in vitro transcribed mRNAs respectively from pVec-hlL-12 and pVAX1-hlL-12 are
generated by the previous indicated method. The obtained mRNAs are respectively purified
using RNeasy mini kit (Qiagen, Cat # 74104). The concentration of the mRNAs is checked
using nanodrop spectrophotometer and their quality is detected by 1% formaldehyde

agarose gel electrophoresis.

pVec-hlL-12 DNA, the in vitro transcribed mRNA from pVec-hlL-12, pVAX1-hlL-12 DNA
and the in vitro transcribed mRNA from pVAX1-hlL-12 (5 ug/ each) are respectively
electroporated into 1X 10° cells (such as mouse B16F10 cells or D5LacZ cells, etc.) in a
0.2 cm cuvette at the condition of 350 V and 500 us. The above electroporated cells are
cultured in a cell growth medium at 5% CO,, 37°C for 36 hours, the supernatants of the

above cells are respectively collected.

11
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The collected supernatants are respectively used for detecting human [L-12 expression
using human IL-12 ELISA kit (eBioscience, Cat #: 88-7126-88) by the previous mentioned

protocol.

The ELISA plate is coated with 100 ul capture antibody diluted with 1X coating buffer at the

ratio of 1:250 for each well, sealed and incubated at 4°C overnight.

After discarding the coating solution containing capture antibody, rinsing with wash buffer
(1X PBS containing 0.05% Tween-20) 3 times, at least 1 minute each time, and patting dry,
the above plate is added with 200 yl of 1X ELISA/ELISPOT Diluent for each well and

incubated at room temperature for 1 hour.

According to the previous mentioned method, the above plate is washed and then added
with 100 ul of 1X ELISA / ELISPOT Diluent diluted standard human IL-12 or 100 pl of the

collected supernatant for each well, sealed and incubated at room temperature for 2 hours.

The plate is washed according to the previous method 3 to 5 times, then added with 100 pl
of 1X ELISA/ELISPOT Diluent diluted detection antibody for each well, sealed and

incubated at room temperature for 1 hour.

The plate is washed according to the above method 3 to 5 times, then added with 100 pl of
1X ELISA/ELISPOT Diluent diluted Avidin-HRP for each well, sealed and incubated at

room temperature for 30 minutes.

The plate is washed according to the above method 5 to 7 times, added with 100 pl of 1X

TMB solution for each well, and incubated at room temperature for 15 minutes.

Then 50 pl of 2 M H,SO4 stop solution is added into each well of the above plate. Further,
the concentration of human IL-12 expressed in the cell supernatant is determined by

measuring O.D value at 450 nm using micro-plate reader.

The experiments show that the cells electroporated with pVec-hlL-12 DNA, the in vitro
transcribed mRNA from pVec-hIL-12, pVAX1-hIL-12 DNA and the in vitro transcribed
MRNA from pVAX1-hIL-12 can express hlL-12 respectively. Furthermore, pVec-hlL-12 as a
template is used for generating the in vitro transcribed mRNA, which has better stability.
The amount of hlL-12 expressed by the in vitro transcribed mRNA from pVec-hlL-12 is also
higher than that of the in vitro transcribed mRNA from pVAX1-hIL-12.

12
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CLAIMS

1 pVec is a universal nucleic acid drug vector, which contains CMV enhancer/promoter, T7
promoter, 5-untranslated region (5’UTR), multiple cloning sites (MCS), 3'UTR, poly A
(120A)-TTATT, BGH poly (A) signal, kanamycin resistance gene and pUC origin, etc.

2 pVec of claim 1 is obtained through in turn constructing pcDNA3.1-5UTR-MCS-
3'UTR-pA, pcDNA3.1-5'UTR-MCS (no Spel, BamHI/EcoRI)-3'UTR-pA, pVec0-5'UTR-
MCS (no Spel, BamHI/EcoRI)-3'UTR-pA, achieving pVec1-5UTR-MCS (no Spel,
BamHI/EcoRI)-3’'UTR-pA, referred to as pVec.

3 pVec of claim 1, wherein said complete nucleotide sequence is as set forth in SEQ
ID NO: 26.

4 pVec of claim 1, wherein said the vector contains 3391 bp of the complete
nucleotide sequence, which is relatively small so that pVec can accommodate large

exogenous gene sequences.

5 pVec of claim 1, wherein after T7 promoter, there are SUTR, MCS, 3UTR, poly A
(120A)-TTATT, etc., which can enhance the in vitro transcribed mRNA stability and

translatability in cells.

6 pVec of claim 1, wherein said restriction endonuclease Spel site of the MCS is
deleted and another Spel site is inserted after poly A (120A)-TTATT sequence of the
vector so that it is easy to generate the linearized plasmid DNA with Spel digestion,
produce the in vitro transcribed mRNA, and further prepare RNA vaccines or

therapeutic drugs.

7 pVec of claim 1, wherein said 5 UTR nucleotide sequence of the vector is as set
forth in SEQ ID NO: 23.

8 pVec of claim 1, wherein said 3’'UTR nucleotide sequence of the vector is as set
forth in SEQ ID NO: 18.

9 pVec of claim 1, wherein said poly A (120A)-TTATT nucleotide sequence of the
vector is as set forth in SEQ ID NO: 9.

13
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10 pVec of claim 1, wherein said vector contains pUC origin, CMV enhancer/promoter,
MCS, BGH poly (A) signal and kanamycin resistance gene, which can be used as a

DNA vaccine or therapeutic drug vector.

11 pVec of claim 1, wherein said vector contains SUTR, 3'UTR, poly A (120A)-TTATT,
etc., when used as a DNA vaccine or drug vector, can enhance the stability of mMRNA

transcribed from the vector and its translatability in cells.

12 pVec of claim 1, wherein said two restriction endonuclease Pacl sites are
respectively inserted on both sides of the kanamycin resistance gene of pVec so that it
is easy to replace the kanamycin resistance gene of the vector with other non-
antibiotic selection genes, which can be the DNA vaccine with a non-antibiotic

selection gene.
13 To evaluate the beneficial effect of pVec of claim 1, pVec-GM-CSF is constructed.

14 Forward and reverse primers used for PCR amplifying human GM-CSF and
constructing pVec-GM-CSF of claim 13 are respectively as set forth in SEQ ID NOS:
27-28.

15 According to claim 13, both pVec-GM-CSF DNA and the corresponding in vitro
transcribed mRNA can express human GM-CSF in cells, demonstrating that pVec can

be a DNA vaccine or drug vector as well as an mRNA vaccine or drug vector.

16 To further evaluate the beneficial effect of pVec of claim 1, pVec-hlL-12 and

pVAX1-hIL-12 are respectively constructed.

17 According to claim 16, the stability of the in vitro transcribed mRNA from pVec-hliL-

12 is firm.

18 According to claim 16, the amount of hiL-12 expressed by the in vitro transcribed

MRNA from pVec-hlL-12 is relatively high.
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AMENDED CLAIMS
received by the International Bureau on 6 May 2016 (06.05.2016)

1. pVec, the complete nucleotide sequence is as set forth in SEQ ID NO: 26.
2. A nucleotide sequence is at least 90% identical to SEQ ID NO: 26.

3. pVec of claim 1 having the size of 3,391 bp is relatively small so that pVec can
accommodate large exogenous gene sequences.

4. pVec of claim 1, wherein the 3'UTR nucleotide sequence is as set forth in SEQ ID
NO: 18.

5. A nucleotide sequence is at least 96% identical to SEQ ID NO: 18.

6. Forward and reverse primers used for PCR amplifying human GM-CSF and
constructing pVec-GM-CSF are respectively as set forth in SEQ ID NOS: 27-28.

7. A nucleotide sequence is at least 85% identical to SEQ ID NO: 27.

8. A nucleotide sequence is at least 95% identical to SEQ ID NO: 28.

15
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