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(54) METHOD AND SYSTEM FOR SCREENING ANTI-TUMOUR SUBSTANCES

(57) Provided is a system for screening anti-tumour
substances. The system comprises a first expression
vector which encodes a first regulatory factor and a sec-
ond expression vector which encodes a biological mac-
romolecule, and the expression of the biological macro-

molecule can be co-regulated by the first regulatory factor
and an inducer. Also provided are a method for preparing
the system, a method for screening anti-tumor substanc-
es by using the system and anti-tumour substances ob-
tained by screening.
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Description

Technical Field

[0001] The present application relates to the biomedical field, in particular to a system and a method for screening
anti-tumor substances.

Background

[0002] In conventional anti-tumor drug screening, researchers usually add various drugs directly to the cultured tumor
cells, and analyze the effects of the drugs on the proliferation, differentiation or other tumorigenesis-related biological
activities of the tumor cells by various means, so as to find the drugs that can directly affect tumor cells. This method
has a very important limitation, that is, it takes the effect of the drugs on the tumor cells themselves as the first evaluation
factor, but avoids and overlooks the effects of the complex microenvironment of tumors on tumorigenesis. As a result,
the screened drugs cannot obtain the inhibitory effect in vivo as shown in the cultured cells in vitro.
[0003] It can be seen that the significant differences between tumors in vitro and in vivo result in that a large number
of in vitro screened anti-tumor drugs cannot be effective in vivo. More importantly, as in the current common in vivo anti-
tumor drug evaluation models, nude mice are inoculated with tumor cells and then subjected to drug intervention. Due
to the lack of a normal immune system in nude mice, the tumor microenvironment of the tumors inoculated in nude are
far away from that of the tumors of normal mice, and the evaluation results obtained are not very good for reference.
Meanwhile, a combinational therapy of tumor drugs has recently become a trend in recent years, but currently no reliable
in vivo screening method for screening the combinations of anti-tumor drugs is available.

Summary of the Invention

[0004] The present application provides a system and a method for screening anti-tumor substances (in particular, a
combination of anti-tumor substances). The system and/or method has one or more of the following properties: 1)
simulating and reproducing the complex microenvironments in which tumor occurs; 2) adapting better to a subject having
an immune system or immunity; 3) screened anti-tumor substances having an effective inhibition effect on in vivo tumors;
4) effectively obtaining a combination of multiple anti-tumor substances having a synergistic effect; and 5) simplicity of
constructing method and simplicity and easiness of using method.
[0005] In one aspect, the present application provides a system for controlled expression of a biological macromolecule,
comprising: 1) a first expression vector encoding a first regulatory factor; 2) a second expression vector encoding a
biological macromolecule, wherein an expression of the biological macromolecule can be co-regulated by the first reg-
ulatory factor expressed by the first expression vector and an inducer, and the biological macromolecule is a candidate
anti-tumor substance to be screened.
[0006] In another aspect, the present application provides a system for screening anti-tumor substances, comprising:
1) a first expression vector encoding a first regulatory factor; 2) a second expression vector encoding a biological
macromolecule, wherein an expression of the biological macromolecule can be co-regulated by the first regulatory factor
expressed by the first expression vector and an inducer.
[0007] In certain embodiments, the first regulatory factor comprises a transcription factor.
[0008] In certain embodiments, the inducer changes the conformation of the first regulatory factor.
[0009] In certain embodiments, the inducer changes the conformation of the first regulatory factor by binding to the
first regulatory factor.
[0010] In certain embodiments, the inducer binds to the regulatory factor to form a transcription complex, and the
transcription complex activates the expression of the biological macromolecule encoded by the second expression vector.
[0011] In certain embodiments, the first expression vector and the second expression vector are different expression
vectors independent of each other.
[0012] In certain embodiments, the system comprises two or more types of second expression vectors, and the
biological macromolecule encoded by each type of second expression vectors is different from the biological macromol-
ecule encoded by at least another type of second expression vectors in the system.
[0013] In certain embodiments, the system comprises a cell comprising the first expression vector and/or the second
expression vector.
[0014] In certain embodiments, the system comprises two or more types of cells, each type of cells comprises the first
expression vector and the second expression vector, and the biological macromolecule encoded by the second expres-
sion vector in each type of cells is different from the biological macromolecule encoded by the second expression vector
in at least another type of cells.
[0015] In certain embodiments, the first expression vector and/or the second expression vector are integrated into the
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genome of the cells.
[0016] In certain embodiments, the cell comprises a tumor cell. In certain embodiments, the tumor cell comprises a
melanoma cell. In certain embodiments, the melanoma cell comprises a mouse melanoma cell B16.
[0017] In certain embodiments, the system comprises a non-human animal, and the non-human animal comprises
the cells or cells derived from the cell. In certain embodiments, the non-human animal comprises a rodent. In certain
embodiments, the rodent comprises a mouse.
[0018] In certain embodiments, the system further comprises the inducer.
[0019] In certain embodiments, the first expression vector and/or the second expression vector comprise or are derived
from a viral vector. In certain embodiments, the viral vector comprises or is derived from a lentiviral vector.
[0020] In certain embodiments, the first expression vector comprises a first promoter, and the first promoter is operably
linked to a sequence encoding the first regulatory factor. In certain embodiments, the first promoter is a constitutive
promoter. In certain embodiments, the first promoter is selected from the group consisting of CMV, EF, SFFV, RSV,
PGK and MSCV.
[0021] In certain embodiments, the first expression vector comprises or is derived from a pLentis-CMV-IRES-Bsd
vector.
[0022] In certain embodiments, the second expression vector comprises a second promoter, the second promoter is
an inducible promoter that can be activated by the activated first regulatory factor, and wherein the second promoter is
operably linked to a sequence encoding the biological macromolecule.
[0023] In certain embodiments, the second promoter comprises a TRE promoter.
[0024] In certain embodiments, the first expression vector further comprises a first selection marker.
[0025] In certain embodiments, the second expression vector further comprises a second selection marker.
[0026] In certain embodiments, the first selection marker and/or the second selection marker are each independently
selected from one of more of the group consisting of an antibiotic marker and a reporter protein. In certain embodiments,
one or more of the report proteins are selected from the group consisting of luciferase, green fluorescent protein, red
fluorescent protein, blue fluorescent protein, cyan fluorescent protein and yellow fluorescent protein. In certain embod-
iments, one or more of the antibiotic markers are selected from the group consisting of Puromycin, Blasticidin, Neomycin,
Hygromycin and Bleomycin.
[0027] In certain embodiments, the first expression vector further comprises an IRES.
[0028] In certain embodiments, the biological macromolecule comprises a cytokine, a chemokine and an antibody. In
certain embodiments, one or more of the cytokines are selected from the group consisting of interleukin, interferon,
lymphotoxin and colony stimulating factor. In certain embodiments, one or more of the interleukins are selected from
the group consisting of IL12, IL2, IL7, IL15 and IL21. In certain embodiments, one or more of the interferons are selected
from the group consisting of IPNγ, IFNα and IPNβ. In certain embodiments, the lymphotoxin is selected from the group
consisting of LT-α and LT-β. In certain embodiments, one or more of the colony stimulating factors are selected from
the group consisting of FMS-associated tyrosine kinase 3 ligand and granulocyte macrophage colony stimulating factor.
In certain embodiments, the biological macromolecule comprises a combination selected from the group consisting of
1) IPNγ, IL2 and LT; 2) IL12, GMCSF and IL7; and 3) IL12, FLT3L and IL7.
[0029] In certain embodiments, one or more of the inducers are selected from the group consisting of doxycycline and
tetracycline.
[0030] In another aspect, the present application provides use of the system for preparation of a kit for screening anti-
tumor substances.
[0031] In certain embodiments, the anti-tumor substance can inhibit the tumor growth and/or cause tumor regression.
In certain embodiments, the tumor comprises a malignant tumor. In certain embodiments, the tumor comprises a melano-
ma.
[0032] In certain embodiments, the kit further comprises an instruction. In certain embodiments, the instruction records:
1) providing a cell comprising the first expression vector and the second expression vector in the system; 2) administering
the inducer, so that the inducer and the first regulatory factor co-activate the expression of the biological macromolecule
encoded by the second expression vector; and 3) detecting the effects of the expression of the biological macromolecule
on the growth and/or survival of the tumor, wherein the biological macromolecule is a candidate anti-tumor substance
to be screened.
[0033] In another aspect, the present application provides a method for regulating the expression and/or activity of
the biological macromolecule, comprising: 1) providing a first expression vector encoding a first regulatory factor; 2)
providing a second expression vector encoding a biological macromolecule, wherein the expression of the biological
macromolecule can be co-regulated by the first regulatory factor expressed by the first expression vector and an inducer;
and 3) administering the inducer, so that the inducer and the first regulatory factor co-activate the expression of the
biological macromolecule encoded by the second expression vector.
[0034] In another aspect, the present application provides a method for screening anti-tumor substances, comprising:
1) providing a cell comprising a first expression vector and a second expression vector, and the first expression encodes
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a first regulatory factor and the second expression vector encodes a biological macromolecule, wherein an expression
of the biological macromolecule can be co-regulated by the first regulatory factor expressed by the first expression vector
and an inducer; 2) administering the inducer, so that the inducer and the first regulatory factor co-activate the expression
of the biological macromolecule encoded by the second expression vector; and 3) detecting the effects of the expression
of the biological macromolecule on the growth and/or survival of the tumor, wherein the biological macromolecule is a
candidate anti-tumor substance to be screened.
[0035] In certain embodiments, the inducer changes the conformation of the first regulatory factor.
[0036] In certain embodiments, the inducer changes the conformation of the first regulatory factor by binding thereto.
[0037] In certain embodiments, the inducer binds to the regulatory factor to form a transcription complex, and the
transcription complex activates the expression of the biological macromolecule encoded by the second expression vector.
[0038] In certain embodiments, the first expression vector and the second expression vector are different expression
vectors independent of each other.
[0039] In certain embodiments, the cell comprises two or more types of second expression vectors, and the biological
macromolecule encoded by each type of second expression vectors is different from the biological macromolecule
encoded by at least another type of second expression vectors.
[0040] In certain embodiments, the cells comprise the first expression vector and/or the second expression vector.
[0041] In certain embodiments, the method further comprises introducing the first expression vector and/or the second
expression vector into a cell by means selected from the group consisting of transfection, electroporation and microin-
jection to obtain a cell comprising the first expression vector and the second expression vector.
[0042] In certain embodiments, the cell comprising the first expression vector and the second expression vector
comprises two or more types of cells, each type of cells comprises the first expression vector and the second expression
vector, and the biological macromolecule encoded by the second expression vector in each type of cells is different from
the biological macromolecule encoded by the second expression vector in at least another type of cells.
[0043] In certain embodiments, the first expression vector and/or the second expression vector are integrated into the
genome of the cell. In certain embodiments, the cell comprises a tumor cell. In certain embodiments, the tumor cell
comprises a melanoma cell. In certain embodiments, the melanoma cell comprises a mouse melanoma cell B16.
[0044] In certain embodiments, the method further comprises introducing the cell into to a non-human animal.
[0045] In certain embodiments, the method comprises mixing and introducing the two or more types of cells into the
non-human animal.
[0046] In certain embodiments, the introduction method comprises injection. In certain embodiments, the amount of
the introduced cells is at least 5∗104 cells per non-human animal. In certain embodiments, the amount of the introduced
cells is at least 1∗105 cells per non-human animal.
[0047] In certain embodiments, when the cell comprises two or more types of cells, various types of introduced cells
are in equal amounts.
[0048] In certain embodiments, when the cell comprises two or more types of cells, various types of cells are mixed
in equal amount prior to introduction.
[0049] In certain embodiments, the non-human animal comprises a rodent. In certain embodiments, the rodent com-
prises a mouse.
[0050] In certain embodiments, the first expression vector and/or the second expression vector comprise or are derived
from viral vector. In certain embodiments, the viral vector comprises or is derived from lentiviral vector.
[0051] In certain embodiments, the first expression vector comprises a first promoter, and the first promoter is operably
linked to a sequence encoding the first regulatory factor. In certain embodiments, the first promoter is a constitutive
promoter. In certain embodiments, the first promoter is selected from the group consisting of CMV, EF, SFFV, RSV,
PGK and MSCV.
[0052] In certain embodiments, the first expression vector comprises or is derived from pLentis-CMV-IRES-Bsd vector.
[0053] In certain embodiments, the second expression vector comprises a second promoter, the second promoter is
an inducible promoter that can be activated by the activated first regulatory factor, and wherein the second promoter is
operably linked to a sequence encoding the biological macromolecule. In certain embodiments, the second promoter
comprises a TRE promoter.
[0054] In certain embodiments, the first regulatory factor is rtTA, its functional fragment or variant.
[0055] In certain embodiments, the first expression vector further comprises a first selection marker. In certain em-
bodiments, the second expression vector further comprises a second selection marker.
[0056] In certain embodiments, one or more of the first selection marker and/or the second selection marker are each
independently selected from the group consisting of an antibiotic marker and a report protein. In certain embodiments,
one or more of the report proteins are selected from the group consisting of luciferase, green fluorescent protein, red
fluorescent protein, blue fluorescent protein, cyan fluorescent protein and yellow fluorescent protein. In certain embod-
iments, one or more of the antibiotic markers are selected from the group consisting of Puromycin, Blasticidin, Neomycin,
Hygromycin and Bleomycin.
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[0057] In certain embodiments, the first expression vector further comprises an IRES.
[0058] In certain embodiments, the biological macromolecule encoded by the second expression vector comprises a
cytokine, a chemokine and an antibody. In certain embodiments, one or more of the cytokines are selected from the
group consisting of interleukin, interferon, lymphotoxin and colony stimulating factor. In certain embodiments, one or
more of the interleukins are selected from the group consisting of IL12, IL2, IL7, IL15 and IL21. In certain embodiments,
one or more of the interferons are selected from the group consisting of IPNγ, IFNα and IPNβ. In certain embodiments,
the lymphotoxin is selected from the group consisting of LT-α and LT-β. In certain embodiments, one or more of the
colony stimulating factors are selected from the group consisting of FMS-associated tyrosine kinase 3 ligand and gran-
ulocyte macrophage colony stimulating factor. In certain embodiments, the biological macromolecule comprises a com-
bination selected from the group consisting of 1) IPNγ, IL2 and LT; 2) IL12, GMCSF and IL7; and 3) IL12, FLT3L and IL7.
[0059] In certain embodiments, the method comprises administering an inducer to the non-human animal. In certain
embodiments, one or more of the administering methods are selected from the group consisting of intratumoral, oral,
intraperitoneal or subcutaneous administration. In certain embodiments, the inducer is administered at a concentration
of 0.5-10g/L.
[0060] In certain embodiments, the method comprises administering the inducer to the non-human animal after the
cells form a tumor in the non-human animal.
[0061] In certain embodiments, one or more of the inducers are selected from the group consisting of doxycycline and
tetracycline.
[0062] In certain embodiments, the detection comprises: detecting the expression level of the biological macromolecule
before administration of the inducer to obtain a control expression level; detecting the expression level of the biological
macromolecule after administration of the inducer to obtain an induced expression level; and comparing the control
expression level with the induced expression level, wherein the increase of the induced expression level relative to the
control expression level indicates that the expression of the biological macromolecule inhibits the growth and/or survival
of the tumor.
[0063] In certain embodiments, the detection comprises detecting the volume of the tumor before administration of
the inducer to obtain a control tumor volume; detecting the volume of the tumor after administration of the inducer to
obtain a detected tumor volume; and comparing the control tumor volume with the detected tumor volume, wherein the
decrease of the detected tumor volume relative to the control tumor volume indicates that the expression of the biological
macromolecule inhibits the growth and/or survival of the tumor.
[0064] In another aspect, the present application provides anti-tumor substances screened by the method as provided
herein.
[0065] In certain embodiments, the anti-tumor substance comprises a cytokine, a chemokine and an antibody. In
certain embodiments, one or more of the cytokines are selected from the group consisting of interleukin, interferon,
lymphotoxin and colony stimulating factor. In certain embodiments, one or more of the interleukins are selected from
the group consisting of IL12, IL2, IL7, IL15 and IL21. In certain embodiments, one or more of the interferons are selected
from the group consisting of IPNγ, IFNα and IPNβ. In certain embodiments, the lymphotoxin is selected from the group
consisting of LT-α and LT-β. In certain embodiments, one or more of the colony stimulating factors are selected from
the group consisting of FMS-associated tyrosine kinase 3 ligand and granulocyte macrophage colony stimulating factor.
In certain embodiments, the biological macromolecule comprises a combination selected from the group consisting of
1) IPNγ, IL2 and LT; 2) IL12, GMCSF and IL7; and 3) IL12, FLT3L and IL7.
[0066] In another aspect, the present application provides a method for preparing the system, comprising: 1) con-
structing the first expression vector; and 2) constructing the second expression vector.
[0067] In certain embodiments, the method comprises: 3) introducing the first expression vector into one or more types
of cells. In certain embodiments, the method comprises: 4) introducing the second expression vector into one or more
types of cells. In certain embodiments, the method comprises: 3) introducing the first expression vector and the second
expression vector into two or more types of cells, wherein each type of cells comprises the first expression vector and
the second expression vector, and the biological macromolecule encoded by the second expression vector in each type
of cells is different from the biological macromolecule encoded by the second expression vector in at least another type
of cells.
[0068] In certain embodiments, each type of cells comprises and only comprises one type of second expression vector.
[0069] In certain embodiments, the method further comprises the step of mixing different types of cells. In certain
embodiments, when the cell comprises two or more types of cells, the number of each type of cells as introduced is the
same.
[0070] In certain embodiments, the method comprises the step of 5) introducing the cells into a non-human animal.
[0071] In certain embodiments, the non-human animal comprises a rodent. In certain embodiments, the rodent com-
prises a mouse.
[0072] In certain embodiments, wherein the introduction method comprises injection. In certain embodiments, the
injection is subcutaneous injection.
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[0073] In certain embodiments, the method comprises the following step: 6) allowing the non-human animal comprising
the cells to express the biological macromolecule encoded by the second expression vector.
[0074] In certain embodiments, the expression comprises administration of an inducer. In certain embodiments, one
or more of the inducers are selected from the group consisting of doxycycline and tetracycline. In certain embodiments,
the inducer is at a concentration of 0.5-10g/L.
[0075] In certain embodiments, the inducer is administered after the growth of the tumor.
[0076] In certain embodiments, the expression comprises the up-regulation of the expression level of the biological
macromolecule. In certain embodiments, the up-regulation is an increase of expression level of the biological macro-
molecule after administration of the inducer as compared with the expression level of the biological macromolecule
before administration of the inducer.
[0077] In certain embodiments, the first expression vector and/or the second expression vector are introduced into
the cell by means selected from the group consisting of transfection, electroporation and microinjection.
[0078] In certain embodiments, the cell comprises a tumor cell. In certain embodiments, the tumor cell comprises a
melanoma cell. In certain embodiments, the melanoma cell comprises a mouse melanoma cell B16.
[0079] Additional aspects and advantages of the present disclosure will become readily apparent to those skilled in
this art from the following detailed description, wherein only illustrative embodiments of the present disclosure are shown
and described. Numerous modifications of the embodiments of the disclosure described herein will now occur to those
skilled in the art without departing from the disclosure. Accordingly, the drawings and description of the present disclosure
are to be regarded as illustrative in nature, but not as restrictive.Brief Description of the Drawings
[0080] Specific features of the invention as set forth in this application are set forth in the appended claims. The features
and advantages of the inventions of the present application can be better understood by referring to the exemplary
embodiments and the accompanying drawings. A brief description of the drawing is as follows:

Fig. 1 shows a schematic view of the system and the method for screening the anti-tumor substance as described
in the present application.
Fig. 2 shows a schematic structural view of the first expression vector and the second expression vector of the
present application.
Fig. 3 shows a schematic view of inducing the GFP expression of the system of the present application in an ex
vivo cell culture.
Fig. 4 shows a schematic view of inducing the iRFP expression of the system of the present application in vivo.
Fig. 5 shows the effect of the virus transfection involved in the system and the method of the present application
and the use of doxycycline on the tumorgenesis of the cells.
Fig. 6 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IFNα in vivo.
Fig. 7 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IFNγ in vivo.
Fig. 8 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IL12 in vivo.
Fig. 9 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of LT in vivo.
Fig. 10 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IL2 in vivo.
Fig. 11 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of GMCSF in vivo.
Fig. 12 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IFNγ + IL2 in vivo.
Fig. 13 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IL12 + IL2 in vivo.
Fig. 14 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of GMCSF + IL2 in vivo.
Fig. 15 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of GMCSF + IL2 in vivo.
Fig. 16 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IFNγ + IL2 + LT in vivo.
Fig. 17 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IL12 + GMCSF + IL7 in vivo.
Fig. 18 shows the therapeutic effect of the system and the method of the present application on the tumors after
inducing the expression of IL12 + FLT3L + IL7 in vivo.
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Detailed Description

[0081] The embodiments of the present invention are described below by way of specific embodiments, and those
skilled in the art can readily appreciate other advantages and effects of the present invention from the disclosure of the
present specification. System and Method for Controlled Expression of Biological Macromolecule/Screening of Anti-
tumor Substances
[0082] The present application provides a system for controlled expression of a biological macromolecule (e.g., a
plurality of biological macromolecules or a combination thereof), comprising: 1) a first expression vector encoding a first
regulatory factor; and 2) a second expression vector encoding a biological macromolecule, wherein the expression of
the biological macromolecule can be co-regulated by the first regulatory factor expressed by the first expression vector
and an inducer, wherein the biological macromolecule is a candidate anti-tumor substance to be screened.
[0083] The present application further provides a method for regulating the expression and/or the activity of a biological
macromolecule, and the method comprises: 1) providing a first expression vector encoding a first regulatory factor; 2)
providing a second expression vector encoding a biological macromolecule, wherein the expression of the biological
macromolecule can be co-regulated by the first regulatory factor expressed by the first expression vector and an inducer;
and 3) administering the inducer, so that the inducer and the first regulatory factor co-activate the expression of the
biological macromolecule encoded by the second expression vector.
[0084] Meanwhile, the present application provides a system for screening anti-tumor substances, and the system
comprises: 1) a first expression vector encoding a first regulatory factor; and 2) a second expression vector encoding a
biological macromolecule, wherein the expression of the biological macromolecule can be co-regulated by the first
regulatory factor expressed by the first expression vector and an inducer.
[0085] The present application further provides a method for screening anti-tumor substances, comprising: 1) providing
a cell comprising a first expression vector encoding a first regulatory factor and a second expression vector encoding a
biological macromolecule, wherein the expression of the biological macromolecule can be co-regulated by the first
regulatory factor expressed by the first expression vector and an inducer; 2) administering the inducer, so that the inducer
and the first regulatory factor co-activate the expression of the biological macromolecule encoded by the second ex-
pression vector; and 3) detecting the effects of the expression of the biological macromolecule on the growth and/or
survival of the tumor, wherein the biological macromolecule is a candidate anti-tumor substance to be screened.
[0086] In the present application, for the schematic view of the system and the method for screening the anti-tumor
substances, please refer to Fig. 1.
[0087] In the present application, the term "first expression vector" refers generally to an expression vector capable
of expressing a first regulatory factor of the present application. The first expression vector may express a regulatory
factor that can play a regulatory role along with an inducer. For instance, the first expression vector may be a vector
pUC57. For instance, the first expression vector may be pLentis-CMV-IRES-Bsd. Also as an example, the first expression
vector may be pLentis-CMV-rtTA-IRES-Bsd with a nucleotide sequence as shown in SEQ ID NO.1.
[0088] In the present application, the term "first regulatory factor" refers generally to a regulatory factor capable of co-
regulating the expression of a biological macromolecule along with an inducer. In the present application, the first
regulatory factor may be encoded and/or expressed by the first expression vector. For instance, the first regulatory factor
may comprise a transcription factor.
[0089] In the present application, the term "transcription factor" refers generally to a protein capable of specifically
regulating the transcription level of a specific gene. For instance, the transcription factor may regulate the binding of a
ribonucleic acid polymerase (also known as RNA polymerase or RNA synthetase) to a DNA template. The transcription
factor may bind to a promoter region upstream of the gene to be regulated (i.e., an upstream transcription factor), and
may also be combined with other transcription factor to form a complex of transcription factors to affect the transcription
level of the gene to be regulated. Of those, the upstream transcription factor may bind to the upstream of the transcription
starting site of the gene to be regulated, thereby facilitating or inhibiting the transcription direction. An inducible tran-
scription factor may activate/inhibit the expression of the gene to be regulated under induction conditions (e.g., in the
presence of an inducer).
[0090] In certain embodiments, the first regulatory factor comprises an rtTA (reverse tetracycline-controlled transac-
tivator), its functional fragment or variant. For instance, the rtTA protein may be the rtTA of E. coli. Also as an example,
the rtTA protein may be expressed by the expression vector peTetOn/FKNF (PacI). For instance, the amino acid sequence
of rtTA may be as shown in GenBank Accession No. ALK44378.1. In certain embodiments, the first regulatory factor
comprises a tTA (tetracycline-controlled transactivator), its functional fragment or variant. For instance, the tTA protein
(e.g., the GenBank Accession Number of its amino acid sequence may be ACG80850.1) may be obtained by the fusion
of TetR (tetracycline repressor) with an activated domain of a protein VP16. For instance, the TetR may be TetR of E.
Coli. For instance, the GenBank Accession Number of the amino acid sequence of the TetR may be ADL14074.1,
ALS39163.1, ALS39153.1, or AGY30766.1. For instance, the protein VP16 may be derived from a human alpha her-
pesvirus, and the GenBank Accession Number of its amino acid sequence may be AAA45864.1; and further as an
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example, the GenBank Accession Number of the amino acid sequence of the protein VP16 may be AAA45863.1. In the
present application, the amino acid sequence of rtTA may be as shown in SEQ ID NO.3.
[0091] In the present application, the term "functional fragment or variant" may refer to any fragment or variant having
the function of the first regulatory factor as described above. For instance, the functional fragment or variant may be a
functional fragment or variant of rtTA protein. For instance, the GenBank Accession Number of the amino acid sequence
of the functional fragment or variant of the rtTA protein may be ALK44378.1, AIU94979.1, AIU94972.1, AIU94961.1, or
ALP32061.1. For instance, the functional fragment or variant may be a functional fragment or variant of the tTA protein.
For instance, the GenBank Accession Number of the amino acid sequence of the functional fragment or variant of the
tTA protein may be ACG80850.1. For instance, the functional fragment or variant may be a functional fragment or variant
of the VP16 protein. The GenBank Accession Number of the amino acid sequence of the functional fragment or variant
of the VP16 protein may be AGS36541.1, AFC98774.1, or AEX37895.1. For instance, the functional fragment or variant
may have an amino acid sequence that is obtained by substitution, deletion, or addition of one or more amino acid on
the basis of the amino acid sequence of the first regulatory factor, while still retains the function of the first regulatory
factor. Also as an example, the functional fragment or variant may be an amino acid sequence that has at least about
80% or more (e.g., at least about 80% or more, about 85% or more, about 90% or more, about 95% or more, about 98%
or more, about 99% or more) identity to the amino acid sequences of the first regulatory factor, and still retains the
function of the first regulatory factor.
[0092] In the present application, the term "conformation" refers generally to a spatial conformation of a protein. For
instance, a protein is usually a covalent polypeptide chain formed by the end-to-end condensation of amino acids. It
may have a specific spatial structure or a three-dimensional structure. This three-dimensional structure may be called
the conformation of protein. Changes in protein conformation may cause its activity and/or functional changes.
[0093] In the present application, the term "inducer" refers generally to a substance capable of changing the confor-
mation of the protein. In the present application, the inducer may change the spatial conformation of the first regulatory
factor. For instance, the inducer may bind to the first regulatory factor, thereby changing the conformation of the first
regulatory factor. For instance, the first regulatory factor may be rtTA, its functional fragment or variant, and the inducer
may be an antibiotic tetracycline or its derivative (e.g., doxycycline, DOX). At that time, the inducer (e.g., DOX) may bind
to rtTA (or its functional fragment or variant) so as to change the conformation of the rtTA (or its functional fragment or
variant). In the present application, one or more of the inducers may be selected from the group consisting of doxycycline
and tetracycline. For instance, the inducer may be doxycycline (DOX). In the present application, the system can further
comprise an inducer. In the present application, the method may further comprise administering (e.g., to a non-human
animal) an inducer. For instance, the administration method may be one or more selected from the group consisting of
intratumoral, oral, intraperitoneal or subcutaneous administration. In certain embodiments, the inducer may be admin-
istered at a concentration of about 0.5-10g/L (e.g., about 0.1-100g/L, about 0.1-90g/L, about 0.5-80g/L, about 0.5-70g/L,
about 0.5-60g/L, about 0.5-50g/L, about 0.5-40g/L, about 0.5-30g/L, about 0.5-20g/L, about 0.5-10g/L, about 0.5-5g/L,
about 0.5-2.5g/L or about 0.5-2g/L).
[0094] In the present application, the term "tetracycline" refers generally to a class of broad-spectrum antibiotics with
perhydro-phenanthrene core. These antibiotics are widely used for infections caused by Gram-positive and Gram-
negative bacteria, intracellular mycoplasma, chlamydia, and Rickettsia. The chemical formula of the tetracycline may
be C22H24N2O8. For instance, tetracycline may be extracted from Strepto-myces aureofaciens; or, tetracycline may be
produced by Actinomycetes bacteria of the genus Streptomyces.
[0095] In the present application, the term "doxycycline" refers generally to one of tetracyclines, also known as Doxitard,
Doxy, Liviatin, Dox, Medomycin, Monodoxin, etc. The doxycycline may be used to treat infections caused by chlamydia
and mycoplasma. It is pale yellow or yellow crystalline powder, smelly, bitter; and soluble in water or methanol, slightly
soluble in ethanol or acetone, and insoluble in chloroform. The doxycycline hydrochloride salt is also a commonly used
antibiotic.
[0096] In the present application, the term "transcription complex" refers generally to a complex composed of one or
more of promoter, RNA polymerase and various other transcription factors. The transcription complex may regulate the
transcription level of the gene to be regulated. For instance, the transcription complex may regulate the transcription
level of a downstream gene by binding to a promoter and/or an enhancer. In the present application, the inducer may
bind to the regulatory factor to form a transcription complex (e.g., DOX may bind to rtTA to form a transcription complex
comprising rtTA with changed conformation), and the transcription complex may activate the expression of the biological
macromolecule encoded by the second expression vector.
[0097] In the present application, the term "the second expression vector" refers generally to an expression vector
encoding the biological macromolecule of the present application. The second expression vector may encode and/or
express the biological macromolecule. For instance, the second expression vector may be pLentis-PTRE-MCS-PGK-
PURO with a nucleotide sequence as shown in SEQ ID NO.2. In the present application, the expression of the biological
macromolecule may be co-regulated by the first regulatory factor expressed by the first expression vector and the inducer.
For example, the biological macromolecule encoded by the second expression vector may be co-regulated by the first
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regulatory factor expressed by the first expression vector and the inducer. Of those, the inducer may bind to the first
regulatory factor to change the conformation of the first regulatory factor, so that the inducer binds to the first regulatory
factor to form a transcription complex; and the transcription complex in turn may activate the expression of the biological
macromolecule encoded by the second expression vector.
[0098] In the present application, the "co-regulate/co-regulating" may mean that the expression of the second regulatory
factor may be regulated if and only if the first regulatory factor and the inducer are correctly present. For instance, when
the first regulatory factor and the inducer exist at the same time, the inducer may change the conformation of the first
regulatory factor by binding to the first regulatory factor, and the first regulatory factor with changed conformation forms
a transcription complex along with the inducer. The transcription complex may affect the expression of the second
regulatory factor. In the present application, when only the first regulatory factor is present, or when only the inducer is
present, or when the inducer does not result in a conformational change of the first regulatory factor, or when the inducer
may not bind to the first regulatory factor to form a transcription complex capable of regulating the expression of the
second regulatory factor, the expression of the second regulatory factor may not be co-regulated by the first regulatory
factor and the inducer.
[0099] In the present application, the term "co-active/co-activating" generally means that the expression of downstream
genes is activated when two different substances exist at the same time. For instance, the two substances may bind to
each other to form a transcription complex, which initiate the transcription of the downstream gene. For instance, the
inducer and the regulatory factor may bind to each other to form a transcription complex, which in turn activates the
expression of the biological macromolecule encoded by the second expression vector.
[0100] In certain embodiments, the inducer may be DOX, and the first expression vector may be pLentis-CMV-IRES-
Bsd vector. DOX may bind to the first regulatory factor, rtTA, expressed by the first expression vector, pLentis-CMV-
IRES-Bsd vector, and after binding, the conformation of rtTA is changed to form a transcription complex comprising rtTA
with changed conformation, which may activate the expression of the biological macromolecule encoded by the second
expression vector (e.g., cytokine). Two or more types of different second expression vectors may encode two or more
biological macromolecules that are different from each other. In certain embodiments, each of the second expression
vectors may encode a biological macromolecule, which is different from the biological macromolecule encoded by at
least another (or even any other) type of second expression vector.
[0101] In the present application, the first expression vector and/or the second expression vector may comprise or be
derived from viral vectors. In the present application, the term "viral vector" refers generally to a vector tool that infects
cells with a virus so as to introduce the target genetic material into the cells. For instance, the viral vector may be selected
from the group consisting of retroviral vector, lentiviral vector and adenoviral vector. For instance, the viral vector may
comprise or be derived from lentiviral vector. For instance, the first expression vector comprises or is derived from
pLentis-CMV-IRES-Bsd vector. In the present application, the structures of the first expression vector and the second
expression vector may be as shown in Fig. 2.
[0102] In the present application, the term "biological macromolecule" refers generally to a protein molecule or a fused
or conjugated protein comprising of protein molecules, etc. In the present application, the biological macromolecule may
be encoded and/or expressed by the second expression vector. For instance, the expression and/or level of the biological
macromolecule may be co-regulated by the first regulatory factor expressed by the first expression vector and an inducer.
In the present application, the biological macromolecule may be cytokine, chemokine or antibody. In certain embodiments,
the biological macromolecule further comprises a protein secreted out of the cells. For instance, the biological macro-
molecule may comprise salivary amylase, pepsin, digestive enzymes, insulin and glucagon.
[0103] In the present application, the term "cytokine" refers generally to small polypeptides secreted mainly by immune
cells and capable of regulating the function of cells. The cytokine plays an important regulatory role in the interaction
between the cells, the growth and differentiation of cells. For instance, one or more of the cytokines may be selected
from the group consisting of interleukin, interferon, lymphotoxin and colony stimulating factor. For instance, one or more
of the interleukins may be selected from the group consisting of IL12, IL2, IL7, IL15 and IL21. For instance, one or more
of the interferons may be selected from the group consisting of IFNγ, IFNα and IPNβ. For instance, the lymphotoxin is
selected from the group consisting of LT-α and LT-β. For instance, one or more of the colony stimulating factors may
be selected from the group consisting of FMS-associated tyrosine kinase 3 ligand and granulocyte macrophage colony
stimulating factor.
[0104] In the present application, the term "chemokine" refers generally to some low molecular weight protein capable
of attracting white blood cells to move to the infected site, and may also be called as chemotactic hormone, chemerin,
or chemohormone. Common structural characteristics among chemokine proteins comprise low molecular weight (about
8-10 KDalton) and the presence of four position-conserved cysteine residues to ensure its tertiary structure. For instance,
the chemokine may comprise CCL family, CXCL family, XCL family and CX3C family. The chemokine may lead to a
migration of chemotactic cells. Some chemokines control the chemotaxis of immune cells during immune surveillance,
such as inducing lymphatic cells to lymph nodes.
[0105] In the present application, the term "antibody" refers generally to immunoglobulin (briefly, Ig) which is an im-
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munoglobulin molecule composed of two pairs of identical polypeptide chains (each pair has a "light" (L) chain and a
"heavy" (H) chain). Antibody light chains may be classified as κ and λ light chains. The heavy chains may be classified
as m, δ, γ, α or ε, and the antibody isotypes are defined as IgM, IgD, IgG, IgA and IgE. Within the light and heavy chains,
variable regions and constant regions are linked via "J" region(s) with about 12 or more amino acids, and the heavy
chains further comprise "D" regions with about 3 or more amino acids. The heavy chain consists of heavy chain variable
regions (VHs) and heavy chain constant regions (CHs). The heavy chain constant region consists of three domains
(CH1, CH2 and CH3). Each light chain consists of light chain variable regions (VLs) and light chain constant regions
(CLs). The light chain constant region consists of one domain CL. The constant regions of antibodies may mediate the
binding of immunoglobulins to host tissues or factors, comprising various cells of the immune system (e.g., effector cells)
to the first component (C1q) of the classical complement system. The VH and VL regions may be further subdivided
into regions with high variability (called complementarity determining regions (CDRs)) having more conserved regions
called framework regions (FRs) interspersed therebetween. Various VHs and VLs consist of 3 CDRs and 4 FRs arranged
in the order of FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4 from amino terminus to carboxy terminus, respectively. The
variable regions (VHs and VLs) of various heavy/light chain pairs form antibody binding sites, respectively. In the present
application, the first expression vector and the second expression vector are different expression vectors independent
of each other. For example, the system can comprise 1 (or about 1, 2, 3, 4, 5, or more) type of first expression vector
and 1 (or about 1, 2, 3, 4, 5 or more) type of second expression vector.
[0106] In the present application, the system may comprise two or more (e.g., about 2, 3, 4, 5, 6 or more) types of
second expression vectors, and the biological macromolecule encoded by each type of second expression vector is
different from the biological macromolecule encoded by at least another (e.g., about 1, 2, 3, 4, 5, 6, or more) type of
second expression vector in the system. For instance, the system may comprise two or more (e.g., about 2, 3, 4, 5, 6
or more) types of second expression vectors, and the cytokines encoded by each type of second expression vectors
(e.g., the first cytokine and the second cytokine expressed by each type of second expression vectors, respectively) are
different from the cytokines (e.g., the third cytokine) encoded by at least another (e.g., about 1, 2, 3, 4, 5, 6 or more)
types of second expression vectors in the system.
[0107] For example, the system may comprise two or more types of second expression vectors, wherein one of the
two or more types of second expression vectors encodes the first cytokine, and the other of the two or more types of
second expression vectors encodes the second cytokine which is different from the first cytokine. Also as an example,
the system may comprise two or more types of second expression vectors, wherein each type of second expression
vectors encode the first cytokine, the second cytokine, the third cytokine ...... and so on, respectively. The first cytokine,
the second cytokine, the third cytokine and the like are different from each other.
[0108] In the present application, the system may comprise a cell comprising the first expression vector and/or the
second expression vector. For instance, the system may comprise two or more types of cells (e.g., about 2, 3, 4, 5, 6
or more), each type of cells comprises the first expression vector and the second expression vector, and the biological
macromolecule encoded by the second expression vector in each type of cells (e.g., the first cytokine expressed by
each type of second expression vector) is different from the biological macromolecule (e.g., the second cytokine) encoded
by at least another types of second expression vector in the system.
[0109] In the present application, the term "cell" refers generally to cell comprising the first expression vector and one
type of second expression vector. For instance, the cell may comprise the first expression vector, and comprises and
only comprises the second expression vector encoding one biological macromolecule (e.g., the first cytokine).
[0110] For example, the system may comprise two or more types of cells comprising the second expression vector,
wherein the second expression vector in one of two or more types of cells encodes the first cytokine, and the second
expression vector of the other of two or more types of cells encode the second cytokine which is different from the first
cytokine. Also as an example, the system may comprise many types of cells comprising different second expression
vectors, wherein each type of second expression vectors encodes the first cytokine, the second cytokine, the third
cytokine ...... and so on, respectively. The first cytokine, the second cytokine, the third cytokine and the like are different
from each other.
[0111] For example, the system may comprise two or more (e.g., about 2, 3, 4, 5, 6 or more) types of cells. Since the
biological macromolecule encoded by the second expression vector in each type of cells (e.g., the first cytokine) is
different from the biological macromolecule encoded by the second expression vector of at least another type of cell in
the system (e.g., the second cytokine which is different from the first cytokine), the system may simultaneously express
two or more (e.g., about 2, 3, 4, 5, 6 or more) types of biological macromolecules through the inducer and the regulatory
factor (e.g., simultaneously expressing the first cytokine and the second cytokine). Also as an example, the system may
simultaneously express three types of biological macromolecules through the inducer and the regulatory factor, e.g.,
simultaneously express the first cytokine, the second cytokine, and the third cytokine, wherein the first cytokine, the
second cytokine and the third cytokine are different from each other.
[0112] In the present application, the first cytokine, the second cytokine and the third cytokine may be independently
selected from the group consisting of 1) IPNγ, IL2 and LT; 2) IL12, GMCSF and IL7; and 3) IL12, FLT3L and IL7.
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[0113] In the present application, the first cytokine and the second cytokine may be independently selected from the
group consisting of 1) IFNγ and IL2; 2) IL12 and IL2; 3) GMCSF and IL2; and 4) IL12 and GMCSF.
[0114] For example, the system may comprise three types of cells, wherein the second expression vector in one type
of cell encodes IPNγ, the second expression vector in one type of cell encodes IL2, and the second expression vector
in the other type of cell encodes LT. For another example, the system may be more than four types of cells, wherein the
second expression vector in two or more types of cells encodes IPNγ, the second expression vector in one type of cell
encodes IL2, and the second expression vector in the other type of cell encodes LT. For another example, the system
may comprise four or more types of cells, wherein the second expression vectors in two or more types of cells encode
IPNγ, the second expression vectors in two or more types of cells encode IL2, and the second expression vectors in two
or more types of cells encode LT.
[0115] In the present application, the first expression vector and/or the second expression vector may be integrated
into the genome of the cell.
[0116] In the present application, the system may be ex vivo system or in vitro system.
[0117] In the present application, the method may be an ex vivo method, or an in vitro method.
[0118] In the present application, the cells may comprise tumor cells. For instance, the tumor cells may be the same
type of tumor cells. In the present application, the tumor cells may be the same type of tumor cells, and each of the
tumor cells comprises the first and the second expression vectors encoding different biological macromolecules, respec-
tively. For example, the tumor cells (e.g., the first tumor cell, such as, mouse melanoma cell B16) may comprise the first
expression vector and a type of second expression vector encoding the biological macromolecule (e.g., the first cytokine);
the tumor cells (e.g., the first tumor cells, such as, mouse melanoma cell B16) may further comprise the first expression
vector and another type of second expression vector encoding the biological macromolecule (e.g., the second cytokine
which is different from the first cytokine). In the present application, the tumor cells may comprise melanoma cell. For
instance, the melanoma cell may comprise a mouse melanoma cell B16.
[0119] In the present application, the first expression vector and/or the second expression vector may be introduced
into the cells to obtain a cell comprising the first expression vector and the second expression vector by means selected
from the group consisting of transfection, electroporation and microinjection.
[0120] In the present application, the system may comprise a non-human animal, and the non-human animal comprises
the cells or cells derived therefrom. For instance, the non-human animal may comprise a rodent. For instance, the rodent
may comprise a mouse.
[0121] In the present application, the method may comprise introducing the cells into the non-human animal. For
instance, the introduction method may comprise injection. Meanwhile, in the present application, the two or more types
of cells may be mixed and introduced into the non-human animal. For instance, the amount of the introduced cells is at
least about 5∗104 cells per non-human animal (e.g., at least about 1∗104, 2∗104, 3∗104, 4∗104 5∗104, 6∗104, 7∗104, 8∗104,
9∗104, 1∗105, 2∗105 or more). For instance, when the cell comprises two or more (e.g., about 2, 3, 4, 5, 6 or more) types
of cells, the amount of each introduced cell may be the same. For instance, when the cell comprises two or more (e.g.,
about 2, 3, 4, 5, 6 or more) types of cells, each type of cells may be mixed and introduced in equal quantity (alternatively,
e.g., optionally and/or in different quantity).
[0122] In the present application, the method also may comprise administering an inducer to the non-human animal
after the cells form a tumor in the non-human animal.
[0123] In the present application, the term "promoter" refers generally to a DNA sequence which is located upstream
of the transcription start site and has RNA polymerase-recognizing, binding and transcription-initiating functions. The
promoter may comprise a conserved sequence that specifically binds to an RNA polymerase and is required by tran-
scription initiation.
[0124] In the present application, the term "first promoter" generally refers to a promoter comprised in the first expression
vector and operably linked to a sequence encoding the first regulatory factor. For example, the first promoter may be a
constitutive promoter. In the present application, the term "constitutive promoter" generally refers to a promoter that may
initiate expression in all tissues. The regulation of constitutive promoters is not affected by external conditions, and the
expression of the promoted genes is continuous. For example, the first promoter may be selected from: CMV, EF, SFFV,
RSV, PGK, and MSCV.
[0125] In the present application, the term "second promoter" generally refers to a promoter which is comprised in the
second expression vector, may be activated by the activated first regulatory factor, and operably linked to a sequence
encoding the biological macromolecule. For example, the second promoter may be an inducible promoter. In the present
application, the term "inducible promoter" generally refers to a promoter that may drastically and rapidly stimulate the
transcription activity when stimulated under induction conditions, and may rapidly regulate the expression of the induced
gene. For example, the second promoter may comprise a TRE promoter.
[0126] In the present application, the first expression vector may further comprise IRES. The IRES is an internal
ribosome entry site, and may allow the ribosomes leaving the mRNA after translation to bind to the mRNA to be translated
again.
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[0127] In the present application, the term "selection marker" refers generally to a specific marker for screening if the
expression vector has been transferred to the target cells. For instance, the selection marker may comprise antibiotic
marker and report proteins. In the present application, the first expression vector may further comprise the first selection
marker. And/or, the second expression vector may further comprise a second selection marker. For instance, the first
selection marker may indicate if the first expression vector has been transferred into the cells. Also as an example, the
second selection marker may indicate if the second expression vector has been transferred into the cells. In the present
application, the first selection marker may be different from the second selection marker. For instance, one or more of
the first selection marker and/or the second selection marker may each independently be selected from the group
consisting of antibiotic marker and report proteins.
[0128] In the present application, the term "antibiotic marker" refers generally to an antibiotic as the selection marker.
For instance, one or more of the antibiotic markers may be selected from the group consisting of Puromycin, Blasticidin,
Neomycin, Hygromycin and Bleomycin.
[0129] In the present application, the term "report protein" refers generally to a protein as selection marker, e.g.,
fluorescent proteins. For instance, one or more of the report proteins may be one or more selected from the group
consisting of luciferase, green fluorescent protein, red fluorescent protein, blue fluorescent protein, cyan fluorescent
protein and yellow fluorescent protein.
[0130] In the method of the present application, the detection may comprise detecting the expression level of the
biological macromolecule before administration of the inducer to obtain an control expression level; detecting the ex-
pression level of the biological macromolecule after administration of the inducer to obtain an induced expression level;
comparing the control expression level with the induced expression level, wherein the increase of the induced expression
relative to the control expression level (e.g., an increase of 1 time, 2 times, 3 times, 4 times, 5 times, 6 times, 7 times,
8 times, 9 times or 10 times or more) indicates that the expression of the biological macromolecule inhibits the growth
and/or survival of the tumor.
[0131] In the method of the present application, the detection may comprise detecting the volume of the tumor before
administration of the inducer to obtain a control tumor volume; detecting the volume of the tumor after administration of
the inducer to obtain a detected tumor volume; and comparing the control tumor volume with the detected tumor volume,
wherein the decrease of the detected tumor volume relative to the control tumor volume (e.g., a decrease of about 5%,
10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 99% or more) indicates that the expression of the biological
macromolecule inhibits the growth and/or survival of the tumor.

Anti-Tumor Substances and Kit for Screening Anti-Tumor Substances

[0132] The present application provides use of the system in preparation of a kit for screening anti-tumor substances.
The present application also provides a kit comprising the system for screening anti-tumor substances.
[0133] The present application further provides anti-tumor substances screened by the method. In the present appli-
cation, the tumor may comprise a malignant tumor, e.g., a melanoma.
[0134] In the present application, the term "anti-tumor substance" refers generally to substances capable of inhibiting
the tumor growth and/or causing tumor regression. For instance, the anti-tumor substances may comprise cytokine,
chemokine and antibody. In certain embodiments, one or more of the cytokines may be selected from the group consisting
of interleukin, interferon, lymphotoxin and colony stimulating factor. For instance, one or more of the interleukins may
be selected from the group consisting of IL12, IL2, IL7, IL15 and IL21. For instance, one or more of the interferons may
be selected from the group consisting of IPNγ, IFNα and IPNβ. For instance, the lymphotoxin is selected from the group
consisting of LT-α and LT-β. For instance, one or more of the colony stimulating factors may be selected from the group
consisting of FMS-associated tyrosine kinase 3 ligand and granulocyte macrophage colony stimulating factor. In certain
embodiments, the anti-tumor substance comprises a combination selected from the group consisting of 1) IPNγ, IL2 and
LT; 2) IL12, GMCSF and IL7; and 3) IL12, FLT3L and IL7.
[0135] In the present application, the kit may comprise the system or a portion thereof.
[0136] In the present application, the kit may comprise the first expression vector and the second expression vector.
For instance, the kit may comprise a cell comprising the first expression vector and the second expression vector. In
the present application, the kit may further comprise an inducer.
[0137] In the present application, the kit may further comprise a detection reagent for detecting the expression level
of the biological macromolecule encoded by the second expression vector. For instance, the detection reagent may
comprise a reagent capable of detecting the transcription level and/or the protein expression level of the biological
macromolecule. For instance, the detection reagent may comprise a reagent capable of detecting the activity of the
biological macromolecule. For instance, the detection reagent may comprise a reagent capable of detecting the tran-
scription level and/or the protein expression level of one or more of IFNγ, IL2, LT, GMCSF, IL7 and FLT3L. Also as an
example, the detection reagent may comprise a reagent capable of detecting the activity of one or more of IFNγ, IL2,
LT, GMCSF, IL7 and FLT3L.
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[0138] For example, the detection reagent may comprise one or more of a primer for the amplification of the biological
macromolecule, a DNA polymerase and a PCR buffer. For instance, the detection reagent may comprise a material or
a reagent required by qPCR reaction, e.g., Green I, DNA polymerase, dNTP, amplification buffer; or may comprise a
sequence-specific oligonucleotide probe which is optically active when hybridized with amplification products, such as,
fluorescent probes. For another example, the detection reagent may comprise a nucleic acid polymerase, a reverse
transcriptase, dNTP, Mg2+ ion, a buffer required for the amplification reaction, and/or a reporter for detecting the ampli-
fication product.
[0139] In the present application, the detection reagent may further comprise a marker capable of marking the biological
macromolecule. For instance, the marker may comprise TaqMan probe, TaqMan Tamara probe, TaqMan MGB probe
or Lion probe. Also as an example, the marker may be an optically active reporting agent, which may comprise SYBR
Green, SYBR Blue, DAPI, propidium iodide, ethidium bromide, acridine, proflavine, acridine orange, acridine yellow
and/or fluorescent coumarin.
[0140] In the present application, the kit may further comprise an instruction. For instance, the instruction may record:
1) providing the first expression vector and the second expression vector of the system; 2) administering the inducer,
so that the inducer and the first regulatory factor co-activate the expression of the biological macromolecule encoded
by the second expression vector; and 3) detecting the effects of the expression of the biological macromolecule on the
growth and/or survival of the tumor, wherein the biological macromolecule is a candidate anti-tumor substance to be
screened.
[0141] For example, the first expression vector and/or the second expression vector may be comprised in a cell. The
kit may comprise such cells. The cells may be Eukaryotic cells.

Method for Preparing the System for Controlled Expression of Biological Macromolecule/Screening of Anti-Tumor Sub-
stances

[0142] In another aspect, the present application further provides a method for preparing the system of the present
application, comprising: 1) constructing the first expression vector; and 2) constructing the second expression vector.
[0143] In the present application, the preparation method may further comprise: 3) introducing the first expression
vector into one or more types of cells; and/or 3) introducing the first expression vector and the second expression vector
into two or more types of cells, wherein each type of cells comprises the first expression vector and the second expression
vector, and the biological macromolecule encoded by the second expression vector in each type of cells is different from
the biological macromolecule encoded by the second expression vector in at least another type of cells; and/or 4)
introducing the second expression vector into one or more types of cells.
[0144] In the preparation method of the present application, each type of cells may comprise and only comprise one
type of second expression vectors.
[0145] The preparation method of the present application may further comprise the following steps: mixing various
types of cells. For instance, when the cell comprises two or more types of cells, the amounts of each type of cells as
introduced may be the same.
[0146] In the present application, the preparation method may further include: 5) introducing the cells into a non-human
animal. Of those, the non-human animal may comprise a rodent. For instance, the rodent may comprise a mouse. Of
those, the introduction method may comprise injection. For instance, the injection may be subcutaneous injection.
[0147] In the present application, the preparation method may further include: 6) allowing the non-human animal
comprising the cells to express the biological macromolecule encoded by the second expression vector. Of those, the
expression may be carried out by administering an inducer. Of those, one or more of the inducers may be selected from
the group consisting of doxycycline and tetracycline. For instance, the inducer may be administered at a concentration
of 0.5-10g/L (e.g., may be 0.1-100g/L, 0.1-90g/L, 0.5-80g/L, 0.5-70g/L, 0.5-60g/L, 0.5-50g/L, 0.5-40g/L, 0.5-30g/L,
0.5-20g/L, 0.5-10g/L, 0.5-5g/L, 0.5-2.5g/L or 0.5-2g/L). For instance, the concentration may be 2g/L. And/or, the inducer
may be administered after the growth of the tumor.
[0148] In the preparation method of the present application, the expression may comprise the up-regulation of the
expression level of the biological macromolecule. For instance, the up-regulation may be an increase (e.g., an increase
of about 1 time, 2 times, 3 times, 4 times, 5 times, 6 times, 7 times, 8 times, 9 times or 10 times or more) of the expression
level of the biological macromolecule after administration of the inducer as compared with the expression level of the
biological macromolecule before administration of the inducer.
[0149] In the preparation method of the present application, the first expression vector and/or the second expression
vector may be introduced into the cells by means selected from the group consisting of transfection, electroporation and
microinjection. Of those, the cells may comprise tumor cells. For instance, the tumor cells may comprise melanoma cell,
e.g., the melanoma cell may comprise a mouse melanoma cell B16.
[0150] In the present application, the term "about" refers generally to a variation within 0.5%-10% of a given value,
such as, a variation within 0.5%, 1%, 1.5%, 2%, 2.5%, 3%, 3.5%, 4%, 4.5%, 5%, 5.5%, 6%, 6.5%, 7%, 7.5%, 8%, 8.5%,
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9%, 9.5%, or 10% of a given value.
[0151] The present application relates to the following embodiments:

1 A system for a controlled expression of a biological macromolecule, comprising:

1) a first expression vector encoding a first regulatory factor; and
2) a second expression vector encoding a biological macromolecule, wherein an expression of the biological
macromolecule can be co-regulated by the first regulatory factor expressed by the first expression vector and
an inducer, and the biological macromolecule is a candidate anti-tumor substance to be screened.

2 A system for screening anti-tumor substances, comprising:

1) a first expression vector encoding a first regulatory factor; and
2) a second expression vector encoding a biological macromolecule, wherein an expression of the biological
macromolecule can be co-regulated by the first regulatory factor expressed by the first expression vector and
an inducer.

3 The system according to any one of embodiments 1-2, wherein the first regulatory factor comprises a transcription
factor.
4 The system according to any one of embodiments 1-3, wherein the inducer changes the conformation of the first
regulatory factor.
5 The system according to embodiment 4, wherein the inducer changes the conformation of the first regulatory
factor by binding to the first regulatory factor.
6 The system according to any one of embodiments 4-5, wherein the inducer binds to the regulatory factor to form
a transcription complex, and the transcription complex activates the expression of the biological macromolecule
encoded by the second expression vector.
7 The system according to any one of embodiments 1-6, wherein the first expression vector and the second expression
vector are different expression vectors independent of each other.
8 The system according to any one of embodiments 1-7, wherein the system comprises two or more types of second
expression vectors, and the biological macromolecule encoded by each type of second expression vectors is different
from the biological macromolecule encoded by at least another type of second expression vectors in the system.
9 The system according to any one of embodiments 1-8, wherein the system comprises a cell, and the cell comprises
the first expression vector and/or the second expression vector.
10 The system according to embodiment 9, wherein the system comprises two or more types of cells, each type of
cells comprises the first expression vector and the second expression vector, and the biological macromolecule
encoded by the second expression vector in each type of cells is different from the biological macromolecule encoded
by the second expression vector in at least another type of cells.
11 The system according to any one of embodiments 9-10, wherein the first expression vector and/or the second
expression vector are integrated into the genome of the cell.
12 The system according to any one of embodiments 9-11, wherein the cell comprises a tumor cell.
13 The system according to embodiment 12, wherein the tumor cell comprises a melanoma cell.
14 The system according to embodiment 13, wherein the melanoma cell comprises a mouse melanoma cell B16.
15 The system according to any one of embodiments 9-14, wherein the system comprises a non-human animal,
and the non-human animal comprises the cells or cells derived from the cells.
16 The system according to embodiment 15, wherein the non-human animal comprises a rodent.
17 The system according to embodiment 16, wherein the rodent comprises a mouse.
18 The system according to any one of embodiments 1-17, wherein the system further comprises the inducer.
19 The system according to any one of embodiments 1-18, wherein the first expression vector and/or the second
expression vector comprise or are derived from viral vector.
20 The system according to embodiment 19, wherein the viral vector comprises or is derived from lentiviral vector.
21 The system according to any one of embodiments 1-20, wherein the first expression vector comprises a first
promoter operably linked to a sequence encoding the first regulatory factor.
22 The system according to embodiment 21, wherein the first promoter is a constitutive promoter.
23 The system according to embodiment 22, wherein the first promoter is selected from the group consisting of
CMV, EF, SFFV, RSV, PGK and MSCV.
24 The system according to any one of embodiments 21-23, wherein the first expression vector comprises or is
derived from pLentis-CMV-IRES-Bsd vector.
25 The system according to any one of embodiments 1-24, wherein the second expression vector comprises a
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second promoter, the second promoter is an inducible promoter that can be activated by the activated first regulatory
factor, and wherein the second promoter is operably linked to a sequence encoding the biological macromolecule.
26 The system according to embodiment 25, wherein the second promoter comprises a TRE promoter.
27 The system according to any one of embodiments 1-26, wherein the first regulatory factor is rtTA, its functional
fragment or variant.
28 The system according to any one of embodiments 1-27, wherein the first expression vector further comprises a
first selection marker.
29 The system according to any one of embodiments 1-28, wherein the second expression vector further comprises
a second selection marker.
30 The system according to any one of embodiments 28-29, wherein one or more of the first selection marker and/or
the second selection marker are each independently selected from the group consisting of antibiotic marker and
report proteins.
31 The system according to embodiment 30, wherein one or more of the report proteins are selected from the group
consisting of luciferase, green fluorescent protein, red fluorescent protein, blue fluorescent protein, cyan fluorescent
protein and yellow fluorescent protein.
32 The system according to embodiment 30, wherein one or more of the antibiotic markers are selected from the
group consisting of Puromycin, Blasticidin, Neomycin, Hygromycin and Bleomycin.
33 The system according to any one of embodiments 1-32, wherein the first expression vector further comprises
an IRES.
34 The system according to any one of embodiments 1-33, wherein the biological macromolecule comprises a
cytokine, chemokine and antibody.
35 The system according to embodiment 34, wherein one or more of the cytokines are selected from the group
consisting of interleukin, interferon, lymphotoxin and colony stimulating factor.
36 The system according to embodiment 35, wherein one or more of the interleukins are selected from the group
consisting of IL12, IL2, IL7, IL15 and IL21.
37 The system according to embodiment 35, wherein one or more of the interferons are selected from the group
consisting of IPNγ, IFNα and IPNβ.
38 The system according to embodiment 35, wherein the lymphotoxin is selected from the group consisting of LT-
α and LT-β.
39 The system according to embodiment 35, wherein one or more of the colony stimulating factors are selected
from the group consisting of FMS-associated tyrosine kinase 3 ligand and granulocyte macrophage colony stimulating
factor.
40 The system according to any one of embodiments 1-39, wherein one or more of the inducers are selected from
the group consisting of doxycycline and tetracycline.
41 Use of the system according to any one of embodiments 1-40 in preparation of a kit for screening anti-tumor
substances.
42 The use according to embodiment 41, wherein the anti-tumor substance can inhibit the tumor growth and/or
cause tumor regression.
43 The use according to any one of embodiments 41-42, wherein the tumor comprises a malignant tumor.
44 The use according to any one of embodiments 41-43, wherein the tumor comprises a melanoma.
45 The use according to any one of embodiments 41-44, wherein the kit further comprises an instruction.
46 The use according to embodiment 45, wherein the instruction records:

1) providing a cell comprising a system which comprises the first expression vector and the second expression
vector;
2) administering the inducer, so that the inducer and the first regulatory factor co-activate the expression of the
biological macromolecule encoded by the second expression vector; and
3) detecting the effects of the expression of the biological macromolecule on the growth and/or survival of the
tumor, wherein the biological macromolecule is a candidate anti-tumor substance to be screened.

47 A method for regulating the expression and/or activity of a biological macromolecule, comprising:

1) providing a first expression vector encoding a first regulatory factor;
2) providing a second expression vector encoding a biological macromolecule, wherein the expression of the
biological macromolecule can be co-regulated by the first regulatory factor expressed by the first expression
vector and an inducer; and
3) administering the inducer, so that the inducer and the first regulatory factor co-activate the expression of the
biological macromolecule encoded by the second expression vector.
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48 A method for screening anti-tumor substances, comprising:

1) providing a cell comprising a first expression vector and a second expression vector, and the first expression
encodes a first regulatory factor and the second expression vector encoding a biological macromolecule, wherein
an expression of the biological macromolecule can be co-regulated by the first regulatory factor expressed by
the first expression vector and an inducer;
2) administering the inducer, so that the inducer and the first regulatory factor co-activate the expression of the
biological macromolecule encoded by the second expression vector; and
3) detecting the effects of the expression of the biological macromolecule on the growth and/or survival of the
tumor.

49 The method according to any one of embodiment 47 or 48, wherein the inducer changes the conformation of the
first regulatory factor.
50 The method according to any one of embodiments 47-49, wherein the inducer changes the conformation of the
first regulatory factor by binding thereto.
51 The method according to any one of embodiments 47-50, wherein the inducer binds to the regulatory factor to
form a transcription complex, and the transcription complex activates the expression of the biological macromolecule
encoded by the second expression vector.
52 The method according to any one of embodiments 47-51, wherein the first expression vector and the second
expression vector are different expression vectors independent of each other.
53 The method according to any one of embodiments 48-52, wherein the cell comprises two or more types of second
expression vectors, and the biological macromolecule encoded by each type of second expression vectors is different
from the biological macromolecule encoded by at least another type of second expression vectors.
54 The method according to any one of embodiments 48-53, wherein the cell comprises the first expression vector
and/or the second expression vector.
55 The method according to any one of embodiments 48-54, further comprising introducing the first expression
vector and/or the second expression vector into the cells to obtain a cell comprising the first expression vector and
the second expression vector by means selected from the group consisting of transfection, electroporation and
microinjection.
56 The method according to any one of embodiments 48-55, wherein the cell comprising the first expression vector
and the second expression vector comprises two or more types of cells, each type of cells comprises the first
expression vector and the second expression vector, and the biological macromolecule encoded by the second
expression vector in each type of cells is different from the biological macromolecule encoded by the second ex-
pression vector in at least another type of cells.
57 The method according to any one of embodiments 48-56, wherein the first expression vector and/or the second
expression vector are integrated into the genome of the cell.
58 The method according to any one of embodiments 48-57, wherein the cell comprises a tumor cell.
59 The method according to embodiment 58, wherein the tumor cell comprises a melanoma cell.
60 The method according to embodiment 59, wherein the melanoma cell comprises a mouse melanoma cell B16.
61 The method according to any one of embodiments 48-60, further comprising introducing the cell into to a non-
human animal.
62 The method according to any one of embodiments 56-61, comprising mixing and introducing the two or more
types of cells into the non-human animal.
63 The method according to embodiment 62, wherein the introduction method comprises injection.
64 The method according to any one of embodiments 62-63, wherein the amount of the introduced cells is at least
5∗104 cells per non-human animal.
65 The method according to embodiment 64, wherein the amount of the introduced cells is at least 1∗105 cells per
non-human animal.
66 The method according to any one of embodiments 56-65, wherein when the cell comprises two or more types
of cells, various types of introduced cells are in equal amounts.
67 The method according to any one of embodiments 56-66, wherein when the cell comprises two or more types
of cells, various types of cells are mixed in equal amount prior to introduction.
68 The method according to any one of embodiments 61-67, wherein the non-human animal comprises a rodent.
69 The method according to embodiment 68, wherein the rodent comprises a mouse.
70 The method according to any one of embodiments 47-69, wherein the first expression vector and/or the second
expression vector comprise or are derived from viral vector.
71 The method according to embodiment 70, wherein the viral vector comprises or is derived from lentiviral vector.
72 The method according to any one of embodiments 47-71, wherein the first expression vector comprises a first



EP 3 722 427 A1

17

5

10

15

20

25

30

35

40

45

50

55

promoter operably linked to a sequence encoding the first regulatory factor.
73 The method according to embodiment 72, wherein the first promoter is a constitutive promoter.
74 The method according to embodiment 73, wherein the first promoter is selected from the group consisting of
CMV, EF, SFFV, RSV, PGK and MSCV.
75 The method according to any one of embodiments 47-74, wherein the first expression vector comprises or is
derived from pLentis-CMV-IRES-Bsd vector.
76 The method according to any one of embodiments 47-75, wherein the second expression vector comprises a
second promoter, the second promoter is an inducible promoter that can be activated by the activated first regulatory
factor, and wherein the second promoter is operably linked to a sequence encoding the biological macromolecule.
77 The method according to embodiment 75, wherein the second promoter comprises a TRE promoter.
78 The method according to any one of embodiments 47-77, wherein the first regulatory factor is rtTA, its functional
fragment or variant.
79 The method according to any one of embodiments 47-78, wherein the first expression vector further comprises
a first selection marker.
80 The method according to any one of embodiments 47-80, wherein the second expression vector further comprises
a second selection marker.
81 The method according to any one of embodiments 78-79, wherein one or more of the first selection marker and/or
the second selection marker are each independently selected from the group consisting of antibiotic marker and
report proteins.
82 The method according to embodiment 81, wherein one or more of the report proteins are selected from the group
consisting of luciferase, green fluorescent protein, red fluorescent protein, blue fluorescent protein, cyan fluorescent
protein and yellow fluorescent protein.
83 The method according to embodiment 81, wherein one or more of the antibiotic markers are selected from the
group consisting of Puromycin, Blasticidin, Neomycin, Hygromycin and Bleomycin.
84 The method according to any one of embodiments 47-83, wherein the first expression vector further comprises
an IRES.
85 The method according to any one of embodiments 47-84, wherein the biological macromolecule encoded by the
second expression vector comprises a cytokine, chemokine and antibody.
86 The method according to embodiment 85, wherein one or more of the cytokines are selected from the group
consisting of interleukin, interferon, lymphotoxin and colony stimulating factor.
87 The method according to embodiment 85, wherein one or more of the interleukins are selected from the group
consisting of IL12, IL2, IL7, IL15 and IL21.
88 The method according to embodiment 85, wherein one or more of the interferons are selected from the group
consisting of IPNγ, IFNα and IPNβ.
89 The method according to embodiment 85, wherein the lymphotoxin is selected from the group consisting of LT-
α and LT-β.
90 The method according to embodiment 85, wherein one or more of the colony stimulating factors are selected
from the group consisting of FMS-associated tyrosine kinase 3 ligand and granulocyte macrophage colony stimulating
factor.
91 The method according to any one of embodiments 61-90, comprising administering an inducer to the non-human
animal.
92 The method according to embodiment 91, wherein one or more of the administering methods are one or more
selected from the group consisting of intratumoral, oral, intraperitoneal or subcutaneous administration.
93 The method according to any one of embodiments 91-92, wherein the inducer is administered at a concentration
of 0.5-10g/L.
94 The method according to any one of embodiments 61-94, wherein the inducer is administered to the non-human
animal after the cells form a tumor in the non-human animal.
95 The method according to any one of embodiments 91-94, wherein one or more of the inducers are selected from
the group consisting of doxycycline and tetracycline.
96 The method according to any one of embodiments 48-95, wherein the detection comprises detecting the expres-
sion level of the biological macromolecule before administration of the inducer to obtain a control expression level;
detecting the expression level of the biological macromolecule after administration of the inducer to obtain an induced
expression level; comparing the control expression level with the induced expression level, wherein the increase of
the induced expression relative to the control expression level indicates that the expression of the biological mac-
romolecule inhibits the growth and/or survival of the tumor.
97 The method according to any one of embodiments 48-96, wherein the detection comprises detecting the volume
of the tumor before administration of the inducer to obtain a control tumor volume; detecting the volume of the tumor
after administration of the inducer to obtain a detected tumor volume; comparing the control tumor volume with the
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detected tumor volume, wherein a decrease of the detected tumor volume relative to the control tumor volume
indicates that the expression of the biological macromolecule inhibits the growth and/or survival of the tumor.
98 An anti-tumor substance screened by the method according to any one of embodiments 48-97.
99 The anti-tumor substances according to embodiment 98, comprising cytokine, chemokine and antibody.
100 The anti-tumor substance according to embodiment 99, wherein one or more of the cytokines are selected from
the group consisting of interleukin, interferon, lymphotoxin and colony stimulating factor.
101 The anti-tumor substance according to embodiment 100, wherein one or more of the interleukins are selected
from the group consisting of IL12, IL2, IL7, IL15 and IL21.
102 The anti-tumor substance according to embodiment 100, wherein one or more of the interferons are selected
from the group consisting of IPNγ, IFNα and IPNβ.
103 The anti-tumor substance according to embodiment 100, wherein the lymphotoxin is selected from the group
consisting of LT-α and LT-β.
104 The anti-tumor substance according to embodiment 100, wherein one or more of the colony stimulating factors
are selected from the group consisting of FMS-associated tyrosine kinase 3 ligand and granulocyte macrophage
colony stimulating factor.
105 The anti-tumor substance according to any one of embodiments 98-104, which are one or more selected from
the group consisting of:

1) IPNγ, IL2 and LT;
2) IL12, GMCSF and IL7; and
3) IL12, FLT3L and IL7.

106 A method for preparing the system according to embodiments 1-40, comprising:

1) constructing the first expression vector; and
2) constructing the second expression vector.

107 The method according to embodiment 106, comprising:
3) introducing the first expression vector into one or more types of cells.
108 The method according to any one of embodiments 106-107, comprising:
4) introducing the second expression vector into one or more types of cells.
109 The method according to any one of embodiments 106-108, comprising:
3) introducing the first expression vector and the second expression vector into two or more types of cells, wherein
each type of cells comprises the first expression vector and the second expression vector, and the biological mac-
romolecule encoded by the second expression vector in each type of cells is different from the biological macro-
molecule encoded by the second expression vector in at least another type of cells.
110 The method according to any one of embodiments 106-109, wherein each type of cells comprises and only
comprises one type of second expression vectors.
111 The method according to any one of embodiments 106-110, further comprising the step of mixing various types
of cells.
112 The method according to any one of embodiments 106-111, wherein when the cell comprises two or more types
of cells, the amount of each type of cells as introduced is the same.
113 The method according to any one of embodiments 106-112, comprising the following step:
5) introducing the cells into a non-human animal.
114 The method according to embodiment 113, wherein the non-human animal comprises a rodent.
115 The method according to embodiment 114, wherein the rodent comprises a mouse.
116 The method according to any one of embodiments 113-115, wherein the introduction method comprises injection.
117 The method according to embodiment 116, wherein the injection is subcutaneous injection.
118 The method according to any one of embodiments 113-117, comprising the following step:
6) allowing the non-human animal containing the cells to express the biological macromolecule encoded by the
second expression vector.
119 The method according to embodiment 118, wherein the expression is carried out by administration of an inducer.
120 The method according to embodiment 119, wherein one or more of the inducers are selected from the group
consisting of doxycycline and tetracycline.
121 The method according to embodiment 120, wherein the inducer is at a concentration of 0.5-10g/L.
122 The method according to any one of embodiments 119-121, wherein the inducer is administered after the growth
of the tumor.
123 The method according to any one of embodiments 109-122, the expression comprises the up-regulation of the
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expression level of the biological macromolecule.
124 The method according to embodiment 123, wherein the up-regulation is an increase of the expression level of
the biological macromolecule after administration of the inducer as compared with the expression level of the bio-
logical macromolecule before administration of the inducer.
125 The method according to any one of embodiments 109-124, wherein the first expression vector and/or the
second expression vector are introduced into the cells by means selected from the group consisting of transfection,
electroporation and microinjection.
126 The method according to any one of embodiments 107-125, wherein the cell comprises a tumor cell.
127 The method according to embodiment 126, wherein the tumor cell comprises a melanoma cell.
128 The method according to embodiment 127, wherein the melanoma cell comprises a mouse melanoma cell B16.

[0152] Without intending to be bound by any theory, the following examples are merely intended to illustrate the working
modes of the device, the method and the system of the present application, rather than to limit the scope of the invention
of the present application. Examples
[0153] Reagents: DMEM media, 1640 media and fetal bovine serum are purchased from Lifetechnologies Company;
cell culture bottles and culture plates are purchased from Corning Company; doxycycline (DOX) is purchased from
Sangong Biotech (Shanghai) Co., Ltd.; Puromycin and Blasticidin are purchased from Chemicon Company; restriction
endonuclease is purchased from Takara and NEB Company; ligase is purchased from NEB Company; DNA polymerase
is purchased from Takara Company; plasmid extraction kit and gel recovery kit are purchased from OmegaBiotech
Company; the synthesis of primers is performed by Sangong Biotech (Shanghai) Co., Ltd.; and the synthesis and
sequencing of genes are performed by Lifetechnologies Company.

Example 1: Construction of the first expression vector

[0154] The DNA coding sequence of rtTA (the amino acid sequence is shown in SEQ ID NO.3) was synthesized,
which had BamHI and EcoRI sites at both ends, and the synthetic product was ligated within vector pUC57. This vector
was digested with the following digestion system: 6mg of plasmid, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI.
The mixture was supplemented with water to a total volume of 40 ml, and stood at 37°C for 12 hours. 4.4 ml of 10x loading
buffer was added into the EP tube, and an electrophoresis was performed on a 1% agarose gel. After electrophoresis,
the rtTA fragments were recovered until usage.
[0155] The vector pLentis-CMV-IRES-Bsd was digested in the EP tube with the following digestion system: 2 mg of
plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water to a total
volume of 30 ml, and stood at 37°C for 12 hours. 3.3 ml of 10x loading buffer was added into the EP tube, and an
electrophoresis was performed on a 1% agarose gel. After electrophoresis, the vector fragments were recovered until
usage.
[0156] pLentis-CMV-IRES-Bsd was ligated to rtTA with a system as follows: 2 ml of pLentis-CMV-IRES-Bsd, 2 ml of
rtTA, 1 ml of ligase buffer, 0.5 ml of T4DNA ligase, 4.5 ml of water. The mixture was subject to linking at room temperature
for 4 hr. Then, the linking system was subject to transformation of E. coli competent cells. At the next day, colonies were
picked from the transformed plates, and placed in LB media at 37°C in a shaker overnight. Plasmids were extracted
from the cultured bacteria with a plasmid extraction kit, and digested for identifying whether the fragments were suc-
cessfully ligated into the vector. The vector was sent for sequencing to determine that the first expression vector pLentis-
CMV-rtTA-IRES-Bsd was successfully constructed (the nucleotide sequence of the first expression vector was as shown
in SEQ ID NO.1).

Example 2: Preparation of cells comprising the first expression vector

2.1 A virus comprising the first expression vector was prepared by the following method:

[0157] 1. The cultured 293FT cells were digested, counted, and then plated to a 10cm Petri dish at 3 x 106 cells/well
with the media volume of 10ml. 2. At the next night, the cells were observed for their status, and transfected if they were
in good conditions. Chloroquine was added to the culture plate to a final concentration of 25 mM. Sterilized water and
plasmids (pMD2.G5mg + pSPAX215mg + pLentis-CMV-rtTA-IRES-Bsd20mg) were added into a tube to a total volume
of 1045 ml, and then 155 ml of 2MCaCl2 was added. The mixture was uniformly mixed, and finally 1200 ml of 2x HBS
was dropwise added with shaking. After the completion of addition, the mixture was quickly added into the cell culture
wells, and gently shaken to uniform. 3. On the third morning, the cells were observed for their status, and the media was
replaced with 10ml of fresh DMEM media. 4. On the fifth morning, the cells were observed for their status, and the
supernatant in the Petri dish was collected, filtered with a 0.45mm filter, and then centrifuged at 50000g in a highspeed
centrifuge tube for 2 hr. The supernatant was carefully discarded, and the liquid was carefully removed with absorbent



EP 3 722 427 A1

20

5

10

15

20

25

30

35

40

45

50

55

paper. Then, the pellet was resuspended with 500 ml of HBSS, dissolved for 2 hr, and divided into small tubes for storage
at -70°C.

2.2 The first expression vector virus was used to transfect tumor cells by the following method:

[0158] The cultured mouse melanoma cells B16 were digested and seeded at 105 cells/well into a 6-well plate, and
the culture volume was 1 ml. After 24 hours, 10 ml of the first expression vector virus was added, and cultured in an
incubator for additional 24 hours. The supernatant was discarded and replaced with a fresh media to continue culture.
After the cells grow over the bottom, they were transferred to a culture flask, and blasticidin was added at a sutiable
concentration to continue culture. The media was replaced every two days, and blasticidin was maintained at a concen-
tration of 8 mg/ml. After one week of screening, the surviving cells were those that stably expressed the regulatory
protein. These cells are named B16 (rtTA).

Example 3

3.1 Construction of the second expression vector encoding green fluorescent protein (GFP)

[0159] A PCR reaction was performed by using a primer and a template with GFP gene to amplify the GFP gene. The
PCR conditions followed the instruction of PrimeStarHSDNApolymerase. The PCR was recovered with a gel recovery
kit after agarose gel electrophoresis, and then digested with BamHI and EcoRI with the following digestion system: 30mg
of PCR recovery product, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with
water to a total volume of 40 ml, and stood at 37°C for 12 hr. 4.4 ml 10x loading buffer was added into the EP tube, and
an electrophoresis was performed with 1% agarose gel, and then the GFP gene fragments were recovered until usage.
The regulating expression vector pLentis-PTRE-MCS-PGK-PURO (the nucleotide sequence of the vector was as shown
in SEQ ID NO.2) was digested with the following system: 2mg of plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml
of EcoRI. The mixture was supplemented with water to a total volume of 30 ml, and stood at 37°C for 12 hr. 3.3 ml 10x
loading buffer was added into the EP tube. An electrophoresis was performed with 1% agarose gel, and after the
electrophoresis the vector fragments were recovered until usage. The pLentis-PTRE-MCS-PGK-PURO were ligated
with GFP with the following ligation system: 2 ml of pLentis-PTRE-MCS-PGK-PURO, 2 ml of GFP, 1 ml of ligase buffer,
0.5 ml of T4DNA ligase, 4.5 ml of water. The mixture was ligated at room temperature for 4 hr. Then, the linking system
was subject to the transformation of E. coli competent cells. At the next day, colonies were picked from the transformed
plates, and cultured in an LB media at 37°C in shaker overnight. Plasmids were extracted from the cultured cells with a
plasmid extract kit, digested for identifying if the fragments were successfully ligated into the vector, and then the right
vectors were sequenced to determine that the second expression vector pLentis-PTRE-GFP-PGK-PURO was success-
fully constructed.

3.2 Preparation of cells which regularly express the GFP

[0160] The GFP expression vector virus was prepared by the same method as that of the first expression vector virus.
The cultured B16 (rtTA) tumor cells were digested, and seeded at 105 cells/well into a 6-well plate, and the culture volume
was 1 ml. After 24 hr, 10 ml of the second regulating expression vector virus was added, and cultured in an incubator
for additional 24 hr. The supernatant was discarded, and replaced with fresh media to continue culture. After the cells
grow over the bottom, they were transferred to a culture flask, and puromycin was added to a final concentration of 3
mg/ml. After being cultured for additional 3 days, the surviving cells were those that regularly expressed the GFP. These
cells are named B16 (rtTA) -GFP.

3.3 Demonstration of effect of regulating expression

[0161] B16 (rtTA) -GFP were plated at 2∗104 cells/well into a 24-well plate, while 100ng/ml of doxycycline (DOX) was
added to induce expression and not added to the control well. At different time points, the cells were observed with a
fluorescent microscope for their fluorescent expression to determine the effect of induction (Fig. 3). Of those, the top
row of Fig. 3 shows the observation result of brightness; and the bottom row shows the observation result of Fluorescence.

Example 4

1. Construction of the second expression vector encoding the red fluorescent protein (iRFP)

[0162] iRFP gene was synthesized with BamHI and EcoRI restriction sites at both ends, and then digested by BamHI
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and EcoRI with the following digestion system: 5mg of iRFP plasmid, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of
EcoRI. The mixture was supplemented with water to a total volume of 40 ml, and stood at 37°C for 12 hr. 4.4 ml 10x
loading buffer was added into the EP tube and an electrophoresis was performed with 1% agarose gel, and after the
electrophoresis, the iRFP gene fragments were recovered until usage. The regulating expression vector pLentis-PTRE-
MCS-PGK-PURO was digested with the following digestion system: 2mg of plasmid, 3 ml of digestion buffer, 1 ml of
BamHI, 1 ml of EcoRI. The mixture was supplemented with water to a total volume of 30 ml, and stood at 37°C for 12
hr. 3.3 ml 10x loading buffer was added into the EP tube and an electrophoresis was performed with 1% agarose gel,
and after the electrophoresis, the vector fragments were recovered until usage. The pLentis-PTRE-MCS-PGK-PURO
were ligated with iRFP with the following ligation system: 2 ml of pLentis-PTRE-MCS-PGK-PURO, 2 ml of iRFP, 1 ml of
ligase buffer, 0.5 ml of T4DNA ligase, 4.5 ml of water. The mixture was ligated at room temperature for 4 hr. Then, the
linking system was subject to the transformation of E. coli competent cells. At the next day, colonies were picked from
the transformed plates, and cultured in an LB media at 37°C in shaker overnight. Plasmids were extracted from the
cultured cells with a plasmid extract kit, digested for identifying if the fragments were successfully ligated into the vector,
and then the right vector was sent for sequencing, to determine the successful construction of the second expression
vector pLentis-PTRE-iRFP-PGK-PURO.

2. Preparation of cells for regulating the expression of iRFP

[0163] An iRFP expression vector virus was prepared by the same method as that of preparing the first expression
vector virus. The cultured B16 (rtTA) tumor cells were digested, and seeded at 105 cells/well into a 6-well plate, and the
culture volume was 1 ml. After 24 hr, 10 ml of the vector virus for regulating the expression was added, and cultured in
an incubator for additional 24 hr. The supernatant was discarded, and replaced with fresh media to continue culture.
After the cells grow over the bottom, they were transferred to a culture flask, and puromycin was added to a final
concentration of 3 mg/ml. After being cultured for additional 3 days, the surviving cells were cells capable of regulating
the expression of iRFP. These cells are named B16 (rtTA) -iRFP.

3. Verification of the effect of regulating expression

[0164] B16 (rtTA) -iRFP cells in the logarithmic growth phase were digested, diluted with HBSS to 2 x 106 cells/ml,
and injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks.
After the tumor grew, the mice were fed with water containing 2 g/L of doxycycline (DOX). The mouse was observed by
and in vovo imaging equipment at different time points for the fluorescence expression of iRFP, thereby determining the
working effect of this system in vivo (Fig. 4). The results indicate that the administration of doxycycline to the mouse can
induce the expression of the target gene (e.g., iRFP) at the tumor site at a relatively high expression level, and maintain
the high expression level of the target gene at the tumor site for a period of time.

Example 5

[0165] B16 (rtTA) -GFP cells in the logarithmic growth phase were digested, diluted with HBSS to 2 x 106 cells/ml,
and injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks
(20 mice in total). Ten of the mice were fed with common water, and the other ten were fed with water containing 2 g/L
of doxycycline after the tumor grew. The mouse seeded with untransfected B16 cells was used as the control to record
the survival rate of the mouse. The results show that the use of viral transfection and doxycycline did not affect the
tumorigenicity of B16 cells (Fig. 5, wherein each broken line represents the tumor size in a mouse).

Example 6

1. Construction of the second expression vector encoding interferon α (IFNα)

[0166] An IFNα (GenBank: NM_010502) gene coding region sequence was synthesized with BamHI and EcoRI re-
striction sites at both ends, and then digested by BamHI and EcoRI with the following digestion system: 5mg of IFNα
plasmid, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water to a total
volume of 40 ml, and stood at 37°C for 12 hr. 4.4 ml 10x loading buffer was added into the EP tube, and an electrophoresis
was performed with 1% agarose gel, and after the electrophoresis, the IFNα gene fragment was recovered until usage.
The regulating expression vector pLentis-PTRE-MCS-PGK-PURO was digested with the following digestion system:
2mg of plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water to a
total volume of 30 ml, and stood at 37°C for 12 hr. 3.3 ml 10x loading buffer was added into the EP tube, and an
electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the vector fragments were recovered
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for use. pLentis-PTRE-MCS-PGK-PURO and IFNα were ligated with the following ligation system: 2 ml of pLentis-PTRE-
MCS-PGK-PURO, 2 ml of IFNα, 1 ml of ligase buffer, 0.5 ml of T4DNA ligase, 4.5 ml of water. The mixture was ligated
at room temperature for 4 hr. Then, the linking system was subject to the transformation of E. coli competent cells. At
the next day, colonies were picked from the transformed plates, and cultured in an LB media at 37°C in shaker overnight.
Plasmids were extracted from the cultured cells with a plasmid extract kit, digested for identifying if the fragments were
successfully ligated into the vector, and then the right vector was sent for sequencing, to determine the successful
construction of the second expression vector pLentis-PTRE-IFNα-PGK-PURO.

2. Preparation of cells for regulating the expression of IFNα

[0167] An IFNα expression vector virus was prepared by the same method as that of preparing the first expression
vector virus. The cultured B16 (rtTA) tumor cells were digested, and seeded at 105 cells/well into a 6-well plate, and the
culture volume was 1 ml. After 24 hr, 10 ml of the vector virus for regulating the expression was added, and cultured in
an incubator for additional 24 hr. The supernatant was discarded, and replaced with fresh media to continue culture.
After the cells grow over the bottom, they were transferred to a culture flask, and puromycin was added to a final
concentration of 3 mg/ml. After being cultured for additional 3 days, the surviving cells were cells capable of regulating
the expression of IFNα. These cells are named B16 (rtTA) -IFNα.

3. Evaluation of tumor therapeutic effect of IFNα

[0168] B16 (rtTA) -IFNα cells in the logarithmic growth phase were digested, diluted with HBSS to 2 x 106 cells/ml,
and injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks
(10 mice in total). The mice were fed with water containing 2 g/L of doxycycline. The mouse tumor growth and tumor
clearance were recorded, and number of mice with tumor cleared/total number of mice is equal to 8/10. The results
show that IFNα can induce the tumor regression in some mice (Fig. 6, wherein each broken line represents the in vivo
tumor area in a mouse). The results of Fig. 6 also verify that the system of the present invention is feasible.

Example 7

1. Construction of the second expression vector of encoding interferon γ (IPNγ)

[0169] An IFNγ (GenBank: NM_008337) gene encoding region sequence was synthesized with BamHI and EcoRI
restriction sites at both ends, and then digested by BamHI and EcoRI with the following digestion system: 5mg of IFNγ
plasmid, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water to a total
volume of 40 ml, and stood at 37°C for 12 hr. 4.4 ml 10x loading buffer was added into the EP tube and an electrophoresis
was performed with 1% agarose gel, and after the electrophoresis, the IFNγ gene fragments were recovered until usage.
The regulating expression vector pLentis-PTRE-MCS-PGK-PURO was digested with the following digestion system:
2mg of plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water to a
total volume of 30 ml, and stood at 37°C for 12 hr. 3.3 ml 10x loading buffer was added into the EP tube and an
electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the vector fragments were recovered
until usage. pLentis-PTRE-MCS-PGK-PURO and IFNγ were ligated with the following ligation system: 2 ml of pLentis-
PTRE-MCS-PGK-PURO, 2 ml of IPNγ, 1 ml of ligase buffer, 0.5 ml of T4DNAligase,4.5 ml of water. The mixture was
ligated at room temperature for 4 hr. Then, the linking system was subject to the transformation of E. coli competent
cells. At the next day, colonies were picked from the transformed plates, and cultured in an LB media at 37°C in shaker
overnight. Plasmids were extracted from the cultured cells with a plasmid extract kit, digested for identifying if the
fragments were successfully ligated into the vector, and then the right vector was sent for sequencing, to determine the
successful construction of the second expression vector pLentis-PTRE-IFNγ-PGK-PURO.

2. Preparation of cells for regulating the expression of IFNγ

[0170] An IFNγ expression vector virus was prepared by the same method as that of preparing the first expression
vector virus. The cultured B16 (rtTA) tumor cells were digested, and seeded at 105 cells/well into a 6-well plate, and the
culture volume was 1 ml. After 24 hr, 10 ml of the vector virus for regulating the expression was added, and cultured in
an incubator for additional 24 hr. The supernatant was discarded, and replaced with fresh media to continue culture.
After the cells grow over the bottom, they were transferred to a culture flask, and puromycin was added to a final
concentration of 3 mg/ml. After being cultured for additional 3 days, the surviving cells were cells capable of regulating
the expression of IFNγ. These cells are named B16 (rtTA) -IFNγ.
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3. Evaluation of Tumor Therapeutic Effect of IFNγ

[0171] B16 (rtTA)-IFNγ cells in the logarithmic growth phase were digested, diluted with HBSS to 2 x 106 cells/ml, and
injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks (10
mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The mouse tumor
growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice is equal to
3/10. The results show that the IFNγ can induce the regression of the tumor in some mice (Fig. 7, wherein each broken
line represents the in vivo tumor area in a mouse). The results of Fig. 7 also verified that the system of the present
invention is feasible.

Example 8

1. Construction of the second expression vector of encoding Interleukin 12 (IL12)

[0172] An IL12 gene encoding region sequence was synthesized, which included two subunits IL12α (GenBank:
NM_008351) and IL12β (GenBank: NM_001303244) linked by a T2A sequence therebetween. The synthesized gene
had BamHI and EcoRI restriction sites at the both ends, and then were digested by BamHI and EcoRI with the following
digestion system: 5mg of IL12 plasmid, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented
with water to a total volume of 40 ml, and stood at 37°C for 12 hr. 4.4 ml 10x loading buffer was added into the EP tube
and an electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the IL12 gene fragments
were recovered until usage. The regulating expression vector pLentis-PTRE-MCS-PGK-PURO was digested with the
following digestion system: 2mg of plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was
supplemented with water to a total volume of 30 ml, and stood at 37°C for 12 hr. 3.3 ml 10x loading buffer was added
into the EP tube and an electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the vector
fragments were recovered until usage.
[0173] pLentis-PTRE-MCS-PGK-PURO and IL12 were ligated with the following ligation system: 2 ml of pLentis-PTRE-
MCS-PGK-PURO,2 ml of IL12, 1 ml of ligase buffer, 0.5 ml of T4DNAligase, 4.5 ml of water. The mixture was ligated at
room temperature for 4 hr. Then, the linking system was subject to the transformation of E. coli competent cells. At the
next day, colonies were picked from the transformed plates, and cultured in an LB media at 37°C in shaker overnight.
Plasmids were extracted from the cultured cells with a plasmid extract kit, digested for identifying if the fragments were
successfully ligated into the vector, and then the right vector was sent for sequencing, to determine the successful
construction of the second expression vector pLentis-PTRE-IL12-PGK-PURO.

2. Preparation of cells for regulating the expression of IL12

[0174] An IL12 expression vector virus was prepared by the same method as that of preparing the first expression
vector virus. The cultured B16 (rtTA) tumor cells were digested, and seeded at 105 cells/well into a 6-well plate, and the
culture volume was 1 ml. After 24 hr, 10 ml of the vector virus for regulating the expression was added, and cultured in
an incubator for additional 24 hr. The supernatant was discarded, and replaced with fresh media to continue culture.
After the cells grow over the bottom, they were transferred to a culture flask, and puromycin was added to a final
concentration of 3 mg/ml. After being cultured for additional 3 days, the surviving cells were cells capable of regulating
the expression of IL12. These cells are named B16 (rtTA) -IL12.

3. Evaluation of Tumor Therapeutic Effect of IL12

[0175] B16 (rtTA)-IL12 cells in the logarithmic growth phase were digested, diluted with HBSS to 2 x 106 cells/ml, and
injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks (10
mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The mouse tumor
growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice is equal to
5/10. The results show that the IL12 can induce the tumor regression in some mice (Fig. 8, wherein each broken line
represents the in vivo tumor area in a mouse).

Example 9

1. Construction of the second expression vector of encoding lymphotoxinlymphotoxin (LT)

[0176] An LT gene encoding region was synthesized which included two subunits LTα (GenBank: NM_010735) and
ETβ (GenBank: NM_008518) linked by a P2A sequence. The synthesized gene had BamHI and EcoRI restriction sites
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at both ends, and then were digested by BamHI and EcoRI with the following digestion system: 5mg of LT plasmid, 4 ml
of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water to a total volume of 40 ml,
and stood at 37°C for 12 hr. 4.4 ml of 10x loading buffer was added into the EP tube and an electrophoresis was performed
with 1% agarose gel, and after the electrophoresis, the LT gene fragments were recovered until usage.
[0177] The regulating expression vector pLentis-PTRE-MCS-PGK-PURO was digested with the following digestion
system: 2mg of plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water
to a total volume of 30 ml, and stood at 37°C for 12 hr. 3.3 ml 10x loading buffer was added into the EP tube and an
electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the vector fragments were recovered
until usage. pLentis-PTRE-MCS-PGK-PURO and LT were ligated with the following system: 2 ml of pLentis-PTRE-MCS-
PGK-PURO, 2 ml of LT, 1 ml of ligase buffer, 0.5 ml of T4DNA ligase, 4.5 ml of water. The mixture was ligated at room
temperature for 4 hr. Then, the linking system was subject to the transformation of E. coli competent cells. At the next
day, colonies were picked from the transformed plates, and cultured in an LB media at 37°C in shaker overnight. Plasmids
were extracted from the cultured cells with a plasmid extract kit, digested for identifying if the fragments were successfully
ligated into the vector, and then the right vector was sent for sequencing, to determine the successful construction of
the second expression vector pLentis-PTRE-LT-PGK-PURO.

2. Preparation of cells for regulating the expression of LT

[0178] An LT expression vector virus was prepared by the same method as that of preparing the first expression vector
virus. The cultured B16 (rtTA) tumor cells were digested, and seeded at 105 cells/well into a 6-well plate, and the culture
volume was 1 ml. After 24 hr, 10 ml of the vector virus for regulating the expression was added, and cultured in an
incubator for additional 24 hr. The supernatant was discarded, and replaced with fresh media to continue culture. After
the cells grow over the bottom, they were transferred to a culture flask, and puromycin was added to a final concentration
of 3 mg/ml. After being cultured for additional 3 days, the surviving cells were cells capable of regulating the expression
of LT. These cells are named B16 (rtTA) -LT.

3. Evaluation of Tumor Therapeutic Effect of LT

[0179] B16 (rtTA)-LT cells in the logarithmic growth phase were digested, diluted with HBSS to 2 x 106 cells/ml, and
injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks (10
mice in total). The mice were fed with water containing 2 g/L of doxycycline. The mouse tumor growth and tumor clearance
were recorded, and number of mice with tumor cleared/total number of mice is equal to 0/10. The results show that the
LT cannot induce the tumor regression in mouse (Fig. 9, wherein each broken line represents the in vivo tumor area in
a mouse).

Example 10

1. Construction of the second expression vector of encoding Interleukin 2 (IL2)

[0180] An IL2 (GenBank: NM_008366) gene encoding region was synthesized. The synthesized gene had BamHI
and EcoRI restriction sites at both ends, and then were digested by BamHI and EcoRI with the following digestion system:
5mg of IL2 plasmid, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water to
a total volume of 40 ml, and stood at 37°C for 12 hr. 4.4 ml of 10x loading buffer was added into the EP tube and an
electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the IL2 gene fragments were recovered
until usage. The regulating expression vector pLentis-PTRE-MCS-PGK-PURO was digested with the following digestion
system: 2mg of plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water
to a total volume of 30 ml, and stood at 37°C for 12 hr. 3.3 ml of 10x loading buffer was added into the EP tube and an
electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the vector fragments were recovered
until usage. pLentis-PTRE-MCS-PGK-PURO and IL2 were ligated with the following ligation system: 2 ml of pLentis-
PTRE-MCS-PGK-PURO, 2 ml of IL2, 1 ml of ligase buffer, 0.5 ml of T4DNA ligase,4.5 ml of water. The mixture was ligated
at room temperature for 4 hr. Then, the linking system was subject to the transformation of E. coli competent cells. At
the next day, colonies were picked from the transformed plates, and cultured in an LB media at 37°C in shaker overnight.
Plasmids were extracted from the cultured cells with a plasmid extract kit, digested for identifying if the fragments were
successfully ligated into the vector, and then the right vector was sent for sequencing, to determine the successful
construction of the second expression vector pLentis-PTRE-IL2-PGK-PURO.
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2. Preparation of cells for regulating the expression of IL2

[0181] An IL2 expression vector virus was prepared by the same method as that of preparing the first expression
vector virus. The cultured B16 (rtTA) tumor cells were digested, and seeded at 105 cells/well into a 6-well plate, and the
culture volume was 1 ml. After 24 hr, 10 ml of the vector virus for regulating the expression was added, and cultured in
an incubator for additional 24 hr. The supernatant was discarded, and replaced with fresh media to continue culture.
After the cells grow over the bottom, they were transferred to a culture flask, and puromycin was added to a final
concentration of 3 mg/ml. After being cultured for additional 3 days, the surviving cells were cells capable of regulating
the expression of IL2. These cells are named B16 (rtTA) -IL2.

3. Evaluation of Tumor Therapeutic Effect of IL2

[0182] B16 (rtTA)-IL2 cells in the logarithmic growth phase were digested, diluted with HBSS to 2 x 106 cells/ml, and
injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks (10
mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The mouse tumor
growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice is equal to
0/10. The results show that the IL2 cannot induce the tumor regression in some mice (Fig. 10, wherein each broken line
represents the in vivo tumor area in a mouse).

Example 11

1. Construction of the second expression vector of encoding granulocyte macrophage colony stimulating factor (GMCSF)

[0183] A GMCSF (GenBank: NM_009969) gene encoding region was synthesized and the synthesized gene had
BamHI and EcoRI restriction sites at both ends, and then were digested by BamHI and EcoRI with the following digestion
system: 5mg of GMCSF plasmid, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented
with water to a total volume of 40 ml, and stood at 37°C for 12 hr. 4.4 ml of 10x loading buffer was added into the EP
tube and an electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the GMCSF gene
fragments were recovered until usage.
[0184] The regulating expression vector pLentis-PTRE-MCS-PGK-PURO was digested with the following digestion
system: 2mg of plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI. The mixture was supplemented with water
to a total volume of 30 ml, and stood at 37°C for 12 hr. 3.3 ml of 10x loading buffer was added into the EP tube and an
electrophoresis was performed with 1% agarose gel, and after the electrophoresis, the vector fragments were recovered
until usage. pLentis-PTRE-MCS-PGK-PURO and GMCSF were ligated with the following ligation system: 2 ml of pLentis-
PTRE-MCS-PGK-PURO, 2 ml of GMCSF, 1 ml of ligase buffer, 0.5 ml of T4DNA ligase, 4.5 ml of water. The mixture was
ligated at room temperature for 4 hr. Then, the linking system was subject to the transformation of E. coli competent
cells. At the next day, colonies were picked from the transformed plates, and cultured in an LB media at 37°C in shaker
overnight. Plasmids were extracted from the cultured cells with a plasmid extract kit, digested for identifying if the
fragments were successfully ligated into the vector, and then the right vector was sent for sequencing, to determine the
successful construction of the second expression vector pLentis-PTRE-GMCSF-PGK-PURO.

2. Preparation of cells for regulating the expression of GMCSF

[0185] A GMCSF expression vector virus was prepared by the same method as that of preparing the first expression
vector virus. The cultured B16 (rtTA) tumor cells were digested, and seeded at 105 cells/well into a 6-well plate, and the
culture volume was 1 ml. After 24 hr, 10 ml of the vector virus for regulating the expression was added, and cultured in
an incubator for additional 24 hr. The supernatant was discarded, and replaced with fresh media to continue culture.
After the cells grow over the bottom, they were transferred to a culture flask, and puromycin was added to a final
concentration of 3 mg/ml. After being cultured for additional 3 days, the surviving cells were cells capable of regulating
the expression of GMCSF. These cells are named B16 (rtTA) -GMCSF.

3. Evaluation of Tumor Therapeutic Effect of GMCSF

[0186] B16 (rtTA)-GMCSF cells in the logarithmic growth phase were digested, diluted with HBSS to 2 x 106 cells/ml,
and injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks
(10 mice in total). The mice were fed with water containing 2 g/L of doxycycline. The mouse tumor growth and tumor
clearance were recorded, and number of mice with tumor cleared/total number of mice is equal to 0/10. The results
show that the GMCSF cannot induce the tumor regression in some mice (Fig. 11, wherein each broken line represents
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the in vivo tumor area in a mouse).

Example 12. Evaluation of the tumor therapeutic effect of a combination of IFNγ + IL2

[0187] B16 (rtTA)-IFNγ and B16 (rtTA)-IL2 cells in the logarithmic growth phase were digested, and resuspended in
HBSS to form a mixed solution, wherein the concentrations of each type of cells was 1 x 106 cells/ml. The mixed solution
was injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks
(12 mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The mouse tumor
growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice is equal to
5/12. The results show that the combination of IFNγ + IL2 can induce the tumor regression in some mice (Fig. 12, wherein
each broken line represents the in vivo tumor area in a mouse).

Example 13. Evaluation of the tumor therapeutic effect of a combination of IL12 + IL2

[0188] B16 (rtTA)-IL12 and B16 (rtTA)-IL2 cells in the logarithmic growth phase were digested, and resuspended in
HBSS to form a mixed solution, wherein the concentrations of each type of cells was 1 x 106 cells/ml. The mixed solution
was injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10 weeks
(15 mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The mouse tumor
growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice is equal to
15/15. The results show that the combination of IL12 + IL2 can induce the tumor regression in all the tested mice (Fig.
13, wherein each broken line represents the in vivo tumor area in a mouse).

Example 14. Evaluation of the tumor therapeutic effect of a combination of GMCSF + IL2

[0189] B16 (rtTA)-GMCSF and B16 (rtTA)-IL2 cells in the logarithmic growth phase were digested, and resuspended
in HBSS to form a mixed solution, wherein the concentrations of each type of cells was 1 x 106 cells/ml. The mixed
solution was injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10
weeks (15 mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The mouse
tumor growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice is equal
to 6/15. The results show that the combination of GMCSF + IL2 can induce the tumor regression in some tested mice
(Fig. 14, wherein each broken line represents the in vivo tumor area in a mouse).

Example 15. Evaluation of the tumor therapeutic effect of a combination of IL12 + GMCSF

[0190] B16 (rtTA) -IL12 and B16 (rtTA) -GMCSF cells in the logarithmic growth phase were digested, and resuspended
in HBSS to form a mixed solution, wherein the concentrations of each type of cells was 1 x 106 cells/ml. The mixed
solution was injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse at 8-10
weeks (15 mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The mouse
tumor growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice is equal
to 13/15. The results show that the combination of IL12 + GMCSF can induce the tumor regression in some tested mice
(Fig. 15, wherein each broken line represents the in vivo tumor area in a mouse).

Example 16. Evaluation of the tumor therapeutic effect of a combination of IFNγ + IL2 + LT

[0191] B16 (rtTA) -IFNγ, B16 (rtTA) -IL2 and B16 (rtTA) -LT cells in the logarithmic growth phase were digested, and
resuspended in HBSS to form a mixed solution, wherein the concentrations of each type of cells was 1 x 106 cells/ml.
The mixed solution was injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse
at 8-10 weeks (12 mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The
mouse tumor growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice
is equal to 7/12. The results show that the combination of IFNγ + IL2 + LT can induce the tumor regression in some
tested mice (Fig. 16, wherein each broken line represents the in vivo tumor area in a mouse).

Example 17. Construction of cells comprising the second expression vectors encoding FMS-associated tyrosine 
kinase 3 ligand (FLT3L), interleukin 7 (IL7)

[0192] FLT3L (GenBank: NM_013520) and IL7 (GenBank: NM_008371) gene encoding regions were synthesized
with BamHI and EcoRI restriction sites at both ends of each gene, respectively, and then digested by BamHI and EcoRI
with the following digestion system: 5mg of plasmid with the gene, 4 ml of digestion buffer, 1 ml of BamHI, 1 ml of EcoRI.
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The mixture was supplemented with water to a total volume of 40 ml, and stood at 37°C for 12 hr. 4.4 ml 10x loading
buffer was added into the EP tube and an electrophoresis was performed with 1% agarose gel, and after the electro-
phoresis, the gene fragments were recovered until usage. The regulating expression vector pLentis-PTRE-MCS-PGK-
PURO was digested with the following digestion system: 2mg of plasmid, 3 ml of digestion buffer, 1 ml of BamHI, 1 ml of
EcoRI. The mixture was supplemented with water to a total volume of 30 ml, and stood at 37°C for 12 hr. 3.3 ml 10x
loading buffer was added into the EP tube and an electrophoresis was performed with 1% agarose gel, and after the
electrophoresis, the vector fragments were recovered until usage. pLentis-PTRE-MCS-PGK-PURO and the target gene
were ligated with the following ligation system: 2 ml of pLentis-PTRE-MCS-PGK-PURO, 2 ml of target gene, 1 ml of ligase
buffer, 0.5 ml of T4DNAligase, 4.5 ml of water. The mixture was ligated at room temperature for 4 hr. Then, the linking
system was subject to the transformation of E. coli competent cells. At the next day, colonies were picked from the
transformed plates, and cultured in an LB media at 37°C in a shaker overnight. Plasmids were extracted from the cultured
cells with a plasmid extract kit, digested for identifying if the fragments were successfully ligated into the vector, and
then the right vector was sent for sequencing, to determine the successful construction of the second expression vector
pLentis-PTRE-FLT3L-PGK-PURO, and pLentis-PTRE-IL7-PGK-PURO. The expression vector virus was prepared by
the same method as that of preparing the first expression vector virus. The cultured B16 (rtTA) tumor cells were digested,
and seeded at 105 cells/well into a 6-well plate, and the culture volume was 1 ml. After 24 hr, 10 ml of the vector virus
for regulating the expression was added, and cultured in an incubator for additional 24 hr. The supernatant was discarded,
and replaced with fresh media to continue culture. After the cells grow over the bottom, they were transferred to a culture
flask, and puromycin was added to a final concentration of 3 mg/ml. After being cultured for additional 3 days, the surviving
cells were those capable of regulating the expression of FLT3L and IL7, respectively, which were in turn named B16
(rtTA) -FLT3L and B16 (rtTA) -IL7.

Example 18. Evaluation of the tumor therapeutic effect of a combination of IL12 + GMCSF + IL7

[0193] B16 (rtTA) -IL12, B16 (rtTA) -GMCSF and B16 (rtTA) -IL7 cells in the logarithmic growth phase were digested,
and resuspended in HBSS to form a mixed solution, wherein the concentrations of each type of cells was 1 x 106 cells/ml.
The mixed solution was injected at a dose of 50 ml with a 1 ml injector to the right dorsal side of a C57BL/6 female mouse
at 8-10 weeks (15 mice in total). The mice were fed with water containing 2 g/L of doxycycline after the tumor grew. The
mouse tumor growth and tumor clearance were recorded, and number of mice with tumor cleared/total number of mice
is equal to 13/15. The results show that the combination of IL12 + GMCSF + IL7 can induce the tumor regression in
some tested mice (Fig. 17, wherein each broken line represents the in vivo tumor area in a mouse).

Example 19. Evaluation of the tumor therapeutic effect of a combination of IL12 + FLT3L + IL7

[0194] B16 (rtTA) -IL12, B16 (rtTA) -FLT3L and B16 (rtTA) -IL7 cells in the logarithmic growth phase were digested,
and the two types of cells were resuspended in HBSS to form a mixed solution, wherein the concentrations of each type
of cells was 1 x 106 cells/ml. The mixed solution was injected at a dose of 50 ml with a 1 ml injector to the right dorsal
side of a C57BL/6 female mouse at 8-10 weeks (15 mice in total). The mice were fed with water containing 2 g/L of
doxycycline after the tumor grew. The mouse tumor growth and tumor clearance were recorded, and number of mice
with tumor cleared/total number of mice is equal to 13/15. The results show that the combination of IL12 + FLT3L + IL7
can induce the tumor regression in some tested mice (Fig. 18, wherein each broken line represents the in vivo tumor
area in a mouse).
[0195] The foregoing detailed description is provided by way of explanation and example, and is not intended to limit
the scope of the appended claims. Many variations of the embodiments as listed herein are obvious to those of ordinary
skill in the art, and are within the scope of the appended claims and their equivalents.
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Claims

1. A system for screening anti-tumor substances, comprising:

1) a first expression vector encoding a first regulatory factor; and
2) a second expression vector encoding a biological macromolecule, wherein an expression of the biological
macromolecule can be co-regulated by the first regulatory factor expressed by the first expression vector and
an inducer, and the biological macromolecule is a candidate anti-tumor substance to be screened.
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2. The system according to claim 1, wherein the first regulatory factor and the inducer co-activate the expression of
the biological macromolecule encoded by the second expression vector.

3. The system according to any one of claims 1-2, wherein the system comprises two or more types of second expression
vectors, and the biological macromolecule encoded by one type of second expression vector is different from the
biological macromolecule encoded by at least another type of second expression vector in the system.

4. The system according to any one of claims 1-3, wherein the system comprises a cell, and the cell contains the first
expression vector and/or the second expression vector.

5. The system according to claim 4, wherein the system comprises two or more types of cells, each type of cells
comprises the first expression vector and the second expression vector, and the biological macromolecule encoded
by the second expression vector in one type of cells is different from the biological macromolecule encoded by the
second expression vector in at least another type of cells in the system.

6. The system according to any one of claims 4-5, wherein the cell comprises a tumor cell.

7. The system according to any one of claims 1-6, wherein the first expression vector comprises a first promoter, the
first promoter is operably linked to a sequence encoding the first regulatory factor, and the first promoter is a
constitutive promoter.

8. The system according to any one of claims 1-7, wherein the second expression vector comprises a second promoter,
the second promoter is an inducible promoter which can be co-activated by the first regulatory factor and the inducer,
and the second promoter is operably linked to a sequence encoding the biological macromolecule.

9. Use of the system according to any one of claims 1-8 for preparation of a kit for screening anti-tumor substances.

10. A method for screening anti-tumor substances, comprising:

1) providing a cell comprising a first expression vector encoding a first regulatory factor and a second expression
vector encoding a biological macromolecule, wherein an expression of the biological macromolecule can be
co-regulated by the first regulatory factor expressed by the first expression vector and an inducer;
2) administering the inducer, so that the inducer and the first regulatory factor co-activate the expression of the
biological macromolecule encoded by the second expression vector; and
3) detecting the effect of the expression of the biological macromolecule on the growth and/or survival of the
tumor, wherein the biological macromolecule is a candidate anti-tumor substance to be screened.

11. The method according to claim 10, wherein the cell comprising the first expression vector and the second expression
vector comprises two or more types of cells, each type of cells comprises the first expression vector and the second
expression vector, and the biological macromolecule encoded by the second expression vector in each type of cells
is different from the biological macromolecule encoded by the second expression vector in at least another type of
cells.

12. An anti-tumor substance screened by the method according to any one of claims 10-11, comprising a combination
selected from the group consisting of:

1) IPNγ, IL2 and LT;
2) IL12, GMCSF and IL7; and
3) IL12, FLT3L and IL7.

13. A method for preparing the system according to any one of claims 1-11, comprising:

1) constructing the first expression vector; and
2) constructing the second expression vector.

14. The method according to claim 13, further comprising:
3) introducing the first expression vector and the second expression vector into two or more types of cells, wherein
each type of cells comprises the first expression vector and the second expression vector, and the biological mac-
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romolecule encoded by the second expression vector in each type of cells is different from the biological macro-
molecule encoded by the second expression vector in at least another type of cells.
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