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BIOMARKER FOR REGULATORY T CELL

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation in part of Inter-
national Patent Application no. PCT/IB2022/060908, filed
Nov. 14, 2022, which claims the benefit of priority of U.S.
Provisional Application No. 63/278,610, filed Nov. 12,
2021, each of which is hereby incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] Biomarkers for regulatory T cells.
BACKGROUND ART
[0003] It has been reported that regulatory T cells (Tregs)

play an important role in naturally preventing the occurrence
of excessive inflammation and immune responses, but when
autoimmune diseases and chronic inflammatory diseases
occur, the function and number of regulatory T cells remark-
ably decrease. Thus, for patients with immune diseases and
inflammatory diseases, it is important that regulatory T cells
are generated at normal levels, which can be one of the
methods for treatment of these diseases.

[0004] It has been reported that, in the case of cancers,
regulatory T cells are widely distributed in the cancer
microenvironment and suppress the cancer cell killing abil-
ity of natural killer cells (NK cells) or cancer-specific
cytotoxic T lymphocytes, and thus play an important role in
cancer immune evasion mechanisms along with immune
checkpoints such as PD-1 and CTLA-4. Further, in the
recent studies, cancer cells have been known to inhibit the
natural immunity of cancer cells in a living body by increas-
ing the number and function of the regulatory T-cells (Treg)
around them, thus allowing the occurrence, progression and
metastasis of cancers. Until now, a few regulatory T cell
(Treg)-specific genes and proteins have been developed and
published.

[0005] Regulatory T cells may be classified based on their
developmental origin and cell characteristics into naive
regulatory T cells (naive Tregs; nTregs), resting regulatory T
cells (resting Tregs; rTregs), effector regulatory T cells
(effector Tregs; eTregs), and memory regulatory T cells
(memory Tregs; mTregs). Recently, Shimon Sakaguchi’s
group has classified Tregs into non-Tregs, nTregs/rTregs,
and eTregs, based on the expression levels of CD4,
CD45RA, Foxp3, and CD25 (CD4+CD25+CD45RA-
Foxp3lo; non-Tregs, CD4+CD25+CD45RA+Foxp3lo;
nTregs, and CD4+CD25+CD45RA-Foxp3hi; eTregs).
Among the types of regulatory T cells described above,
effector regulatory T cells and memory regulatory T cells are
known to have high immunosuppressive capacity. In par-
ticular, it has been reported that effector regulatory T cells
are abundant in tumor-infiltrating lymphocytes (TILs),
highly express the immune checkpoint CTLA-4, an immune
checkpoint, and thus have high immunosuppressive capac-
ity. Therefore, specifically regulating effector regulatory T
cells, memory regulatory T cells, and regulatory T cells in
tumor-infiltrating lymphocytes, which have high immuno-
suppressive capacity, among regulatory T cells, may be
considered an effective immunotherapy method.

[0006] To date, studies have been conducted on genes and
proteins present specifically in regulatory T cells, suggesting
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that substances such as CD25, CTLA4, CD62L, CD38,
CD103, GITR, and CD45RB may correspond to marker
substances. However, genes or proteins that can target
regulatory T cells alone have not yet been reported.

DISCLOSURE

Technical Problem

[0007] An object of the present invention is to provide a
method of identifying regulatory T cells using an antibody
or antigen-binding fragment that binds specifically to a
marker or a fragment thereof specific for regulatory T cells.
[0008] Another object of the present invention is to pro-
vide a composition for diagnosing cancer, immune-related
disease, or brain nervous system disease, comprising an
agent for measuring the expression level of a marker or a
fragment thereof specific for regulatory T cells, or a gene
encoding the marker or fragment.

[0009] Still another object of the present invention is to
provide a diagnostic kit comprising a composition for diag-
nosing cancer, immune-related disease, or brain nervous
system disease, the composition comprising an agent for
measuring the expression level of a marker or a fragment
thereof specific for regulatory T cells, or a gene encoding the
marker or fragment.

[0010] Yet another object of the present invention is to
provide a method of providing information for diagnosing
cancer, immune-related disease, or brain nervous system
disease, comprising a step of measuring the expression of a
marker or a fragment thereof specific for regulatory T cells,
or a gene encoding the marker or fragment, in a biological
sample isolated from a subject of interest.

[0011] However, objects to be achieved by the present
invention are not limited to the problems mentioned above,
and other objects not mentioned above will be clearly
understood by those skilled in the art from the following
description.

Technical Solution

[0012] The present invention provides a method for
screening immunosuppressive agents or immune activators
which comprises the steps of (a) contacting an analyzing
sample to a regulatory T cell including selected from the
group consisting of RGS1, F5, and CD27 protein; (b)
measuring the amount or activity of the protein; and (c)
determining that the sample is the immunosuppressive
agents or the immune activators when the amount or activity
of the protein is measured to be down- or up-regulated.
[0013] In the screening method of the present invention,
the reaction between the composition comprising the protein
and the testing substances can be identified using a conven-
tional method which is used to identify the reaction between
protein-protein and protein-compound. For example, the
method of measuring the activity after the reaction of the
protein and the testing substance, yeast two-hybrid and the
like can be used.

[0014] Search of phage-displayed peptide clone binding to
the protein, high throughput screening (HTS) using natural
products and chemical libraries, drug hit HTS, cell-based
screening or screening method using DNA array can be
used. In this case, the composition of the present invention
may comprise, in addition to the protein, a buffer or reaction
solution to stably maintain a structure or physiological
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activity of the protein. In addition, the compositions of the
present invention may comprise, for the experiments, cells
expressing the protein, or cells containing a plasmid
expressing the protein under a promoter capable of control-
ling the transcription ratio.

[0015] In the screening method of the present invention,
the testing substances or an agent used here may include
individual nucleic acids, proteins, other extracts or natural
products, compounds, chemical compounds, antibody, etc.,
which are assumed to have a potential as a cancer metastasis
inhibitor, immune-related disease inhibitor or brain nervous
system disease according to the conventional screening
manner or randomly selected. Further, it may include the
testing substance which is obtained through the screening
method of the present invention and which exhibits activities
to promote the gene expression or enhance the function of
the protein, and inversely the testing substance showing an
activity to inhibit the expression of the gene or inhibit the
function of the protein. The former may be a candidate
immunosuppressive agent by developing an inhibitor into
the testing substance, and the latter may be a candidate
immunosuppressive agent. Such candidate immunosuppres-
sive agent acts as a leading compound in the subsequent
development process of the immunosuppressive agent. A
new immunosuppressive agent can be developed by trans-
forming and optimizing the structure so that the leading
compound can exhibit the suppressive effect of the gene or
protein expressed therefrom.

[0016] “Regulatory T cells” or “Tregs” of the present
invention may be selected from the group consisting of
effector regulatory T cells, memory regulatory T cells, and
regulatory T cells in tumor-infiltrating lymphocyte, which
have high immunosuppressive capacity, without being lim-
ited thereto.

[0017] “Nucleic acid molecules” of the present invention
include any nucleic acid molecules having polynucleotide
sequences which are translated into the amino acid
sequences of the polypeptides provided by the present
invention as known to those skilled in the art. Therefore,
various polynucleotide sequences with open reading frames
(ORFs) may be produced, which are also all included in the
nucleic acid molecules of the present invention.

[0018] In the present invention, the term “antibody” refers
to a substance that binds specifically to an antigen, causing
an antigen-antibody reaction. For the purposes of the present
invention, the term “antibody” refers to an antibody that
binds specifically to a protein or an extracellular domain
thereof specific for regulatory T cells. Examples of the
antibody of the present invention include all of polyclonal
antibodies, monoclonal antibodies, and recombinant anti-
bodies. The antibodies may be readily produced using
techniques well known in the art. For example, a polyclonal
antibody may be produced by a method well known in the
art, which includes a process of obtaining a serum contain-
ing the antibody by injecting the antigen of the biomarker
protein into an animal and collecting blood from the animal.
This polyclonal antibody may be produced from any animal
such as goat, rabbit, sheep, monkey, horse, pig, cow, dog, or
the like. In addition, a monoclonal antibody may be pro-
duced using the hybridoma method well known in the art
(see Kohler and Milstein (1976) European Journal of Immu-
nology 6:511-519), or the phage antibody library technology
(see Clackson et al, Nature, 352:624-628, 1991; Marks et al,
J. Mol. Biol., 222:58, 1-597, 1991). The antibody produced
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by the above method may be isolated and purified using a
method such as gel electrophoresis, dialysis, salt precipita-
tion, ion exchange chromatography, or affinity chromatog-
raphy. In addition, examples of the antibody of the present
invention include not only a complete form having two
full-length light chains and two full-length heavy chains, but
also functional fragments of an antibody molecule. “Func-
tional fragment of an antibody molecule” refers to a frag-
ment having at least an antigen-binding function, and
examples thereof include Fab, F(ab"), F(ab')2, and Fv.
[0019] Inthe present invention, the “immunoglobulin’ has
a heavy chain and a light chain, and each of the heavy chain
and the light chain comprises a constant region and a
variable region. The variable region of each of the light
chain and the heavy chain contains three hypervariable
regions, called complementarity determining regions (here-
inafter referred to as “CDRs”), and four framework regions.
The CDRs primarily serve to bind to an antigenic determi-
nant (epitope) of an antigen. The CDRs of each chain are
typically referred to as CDR1, CDR2, and CDR3, numbered
sequentially starting from the N-terminus, and are also
typically identified by the chain in which the particular CDR
is located.

[0020] In the present invention, the variable region com-
prises three hypervariable regions, called complementarity
determining regions (CDRs), and four framework regions.
The CDRs primarily serve to bind to an antigenic determi-
nant (epitope) of an antigen. The CDRs of each chain are
typically referred to as CDR1, CDR2, and CDR3, numbered
sequentially starting from the N-terminus, and are also
typically identified by the chain in which the particular CDR
is located.

[0021] In the present invention, the “full-length antibody”
has a structure having two full-length light chains and two
full-length heavy chains, wherein each of the light chains is
linked to the heavy chain via a disulfide bond. Examples of
the full-length antibody include IgA, IgD, IgE, IgM, and
IgG. Subtypes of the IgG include IgGl, IgG2, I1gG3, and
IgG4.

[0022] In the present invention, the term “antigen-binding
fragment” refers to a fragment having an antigen-binding
function. Examples of the antigen-binding fragment include:
(1) a Fab fragment consisting of a light chain variable region
(VL), a heavy chain variable region (VH), a light chain
constant region (CL), and a heavy chain constant region 1
(CH1); (ii)) a Fd fragment consisting of VH and CHI1
domains; (iii) a Fv fragment consisting of VL. and VH
domains of a single antibody; (iv) a dAb fragment consisting
of'a VH domain; (v) an isolated CDR region; (vi) a F(ab'),
fragment which is a bivalent fragment including two linked
Fab fragments; (vii) a single-chain Fv molecule (scFv) in
which a VH domain and a VL. domain are linked together by
a peptide linker that allows the two domains to associate to
form an antigen-binding site; (viii) a bispecific single-chain
Fv dimer; and (ix) a diabody which is a multivalent or
multispecific fragment constructed by gene fusion. The
antigen-binding fragment may be obtained as a Fab or
F(ab")2 fragment when a proteolytic enzyme, for example,
papain or pepsin, is used, and the antigen-binding fragment
may also be produced through a genetic recombination
technique.

[0023] In the present invention, the term “monoclonal
antibody” refers to an antibody molecule having a single
molecular composition, which is obtained from a population
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of substantially identical antibodies. The monoclonal anti-
body exhibits single binding specificity and affinity for a
particular epitope.

[0024] In the present invention, the term “binding” or
“specific binding” refers to the affinity of the antibody or
antibody composition of the present invention for an anti-
gen. In antigen-antibody binding, the “specific binding” is
distinguishable from non-specific background binding, typi-
cally when the dissociation constant (Kd) is less than 1x107>
M, less than 1x107°M, or less than 1x10~7 M. Specific
binding can be detected by methods known in the art, such
as ELISA, surface plasmon resonance (SPR), immunopre-
cipitation, and coprecipitation, which include an appropriate
control that can distinguish between non-specific binding
and specific binding.

[0025] The antibody or antigen-binding fragment of the
present invention may exist as a multimer, such as a dimer,
a trimer, a tetramer, or a pentamer, which includes at least a
portion of the antigen-binding activity of a monomer. Such
multimers also include a homomultimer or a heteromulti-
mer. Antibody multimers contain a large number of antigen-
binding sites, and thus have excellent antigen-binding activ-
ity compared to monomers. Antibody multimers are also
easily used to produce multifunctional (bifunctional, trifunc-
tional or tetrafunctional) antibodies.

[0026] Inthe present invention, “prevention” may include,
without limitation, any action that blocks the symptoms of
a disease or suppresses or delays the symptoms of the
disease by using the pharmaceutical composition of the
present invention.

[0027] In the present invention, “treatment” and “amelio-
ration” may include, without limitation, any action that
alleviates or beneficially alters symptoms of a disease by
using the pharmaceutical composition of the present inven-
tion.

[0028] In the present invention, for use, the pharmaceuti-
cal composition may be formulated in the form of oral
preparations such as powders, granules, capsules, tablets,
and aqueous suspensions, preparations for external use,
suppositories, and sterile injectable solutions, according to
the respective conventional methods, without being limited
thereto. The pharmaceutical composition of the present
invention may further contain pharmaceutically acceptable
carriers. As the pharmaceutically acceptable carriers, a
binder, a lubricant, a disintegrant, an excipient, a solubilizer,
a dispersant, a stabilizer, a suspending agent, a colorant, a
flavoring agent, and the like may be used for oral adminis-
tration; a buffer, a preserving agent, a pain-relieving agent,
a solubilizer, an isotonic agent, a stabilizer, and the like may
be used for injection; and a base, an excipient, a lubricant,
a preservative, and the like may be used for topical admin-
istration. The pharmaceutical composition of the present
invention may be prepared in various dosage forms by being
mixed with the pharmaceutically acceptable carriers as
described above. For example, for oral administration, the
pharmaceutical composition may be formulated in the form
of tablets, troches, capsules, elixirs, suspensions, syrups,
wafers, or the like. For injection, the pharmaceutical com-
position may be formulated in the form of unit dosage
ampoules or in multiple-dosage forms. In addition, the
pharmaceutical composition may be formulated into solu-
tions, suspensions, tablets, capsules, sustained-release
preparations, or the like. Meanwhile, examples of carriers,
diluents or excipients suitable for formulation include lac-
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tose, dextrose, sucrose, sorbitol, mannitol, xylitol, erythritol,
maltitol, starch, gum acacia, alginate, gelatin, calcium phos-
phate, calcium silicate, cellulose, methyl cellulose, microc-
rystalline cellulose, polyvinylpyrrolidone, water, methyl
hydroxybenzoate, propyl hydroxybenzoate, talc, magnesium
stearate, and mineral oil. In addition, a filler, an anti-
coagulant, a lubricant, a wetting agent, a fragrance, an
emulsifier, a preservative, and the like may further be
contained.

[0029] In the present invention, the routes of administra-
tion of the pharmaceutical composition of the present inven-
tion include oral, intravenous, intramuscular, intraarterial,
intramedullary, intradural, intracardiac, transdermal, subcu-
taneous, intraperitoneal, intranasal, intestinal, topical, sub-
lingual, or rectal routes, without being limited thereto. Oral
or parenteral administration is preferred.

[0030] In the present invention, the “parenteral” includes
subcutaneous, intradermal, intravenous, intramuscular,
intra-articular, intra-synovial, intrasternal, intradural, intral-
esional and intra-cranial injection or infusion techniques.
The pharmaceutical composition of the present invention
may also be formulated as suppositories for intrarectal
administration.

[0031] The “dosage regimen” of the pharmaceutical com-
position of the present invention may vary depending on a
variety of factors, including the activity of a specific com-
pound used, the patient’s age, body weight, general health
status, sex and diet, the time of administration, the route of
administration, the rate of excretion, drug combination, and
the severity of a specific disease to be prevented or treated.
Although the dosage of the pharmaceutical composition may
vary depending on the patient’s condition and body weight,
the severity of disease, the drug form, and the route and
duration of administration, it may be appropriately selected
by those skilled in the art, and the pharmaceutical compo-
sition may be administered at a dose of 0.0001 to 50
mg/kg/day or 0.001 to 50 mg/kg/day. This administration
may be done once a day or several times a day. The dose is
not intended to limit the scope of the present invention in
any way. The pharmaceutical composition according to the
present invention may be formulated in the form of pills,
sugar-coated tablets, capsules, liquids, gels, syrups, slurries,
or suspensions.

[0032] In the present invention, “PNA (peptide nucleic
acid)” refers to an artificially synthesized DNA or RNA-like
polymer, which was first introduced by the Professors
Nielsen, Egholm, Berg and Buchardt at University of
Copenhagen, Denmark in 1991. DNA has a phosphate-
ribose sugar backbone, but PNA has repeated N-(2-amino-
ethyl)-glycine backbones linked via peptide bonds, and thus
has a significantly increased binding affinity for DNA or
RNA and significantly increased stability. Thus, PNA is used
for molecular biology, diagnostic assays and antisense thera-
pies. The PNA is disclosed in detail in the literature [Nielsen
P E, Egholm M, Berg R H, Buchardt O (December 1991).
“Sequence-selective recognition of DNA by strand displace-
ment with a thymine-substituted polyamide”. Science 254
(5037): 1497-1500].

[0033] In the present invention, the “aptamer” refers to an
oligonucleotide or a peptide molecule, and the general
contents of the aptamer are disclosed in detail in the litera-
ture [Bock L C et al., Nature 355 (6360): 5646 (1992);
Hoppe-Seyler F, Butz K “Peptide aptamers: powerful new
tools for molecular medicine”. J Mol Med. 78 (8): 42630
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(2000); Cohen B A, Colas P, Brent R. “An artificial cell-
cycle inhibitor isolated from a combinatorial library”. Proc
Natl Acad Sci USA. 95 (24): 142727 (1998)].

[0034] Inthe present invention, the term “primer” refers to
a fragment that recognizes a target gene sequence, and
comprises a pair of forward and reverse primers, but is
preferably a pair of primers providing analysis results with
specificity and sensitivity.

[0035] When the nucleic acid sequence of the primer is a
sequence inconsistent with the non-target sequence present
in the sample, and thus is a primer that amplifies only the
target gene sequence containing the complementary primer
binding site without inducing non-specific amplification,
high specificity may be imparted.

[0036] In the present invention, the term “probe” refers to
a substance capable of binding specifically to a target
substance to be detected in a sample, and refers to a
substance capable of specifically detecting the presence of
the target substance in the sample through the binding. The
type of probe is not particularly limited so long as it is
commonly used in the art. Preferably, the probe may be PNA
(peptide nucleic acid), LNA (locked nucleic acid), a peptide,
a polypeptide, a protein, an RNA, or a DNA, and is most
preferably PNA. More specifically, the probe is a biomol-
ecule derived from an organism or an analogue thereof, or is
produced in vitro. Examples of the probe include an enzyme,
a protein, an antibody, a microorganism, an animal and/or
plant cell and organ, a neuron, DNA, and RNA. Examples
of the DNA include cDNA, genomic DNA, and an oligo-
nucleotide, examples of the RNA include genomic RNA,
mRNA and an oligonucleotide, and examples of the protein
include antibodies, antigens, enzymes, peptides, and the
like.

[0037] In the present invention, the term “LNA (locked
nucleic acid)” refers to a nucleic acid analogue containing a
2'-0 or 4'-C methylene bridge. LNA nucleosides comprise
the common nucleobases of DNA and RNA, and can form
base pairs according to the Watson-Crick base-pair rule.
However, LNA fails to form an ideal shape in the Watson-
Crick bond due to “locking” of the molecule attributable to
the methylene bridge. When LNA is incorporated in a DNA
or RNA oligonucleotide, it can more rapidly pair with a
complementary nucleotide chain, thus increasing the stabil-
ity of the double strand.

[0038] In the present invention, the term “antisense”
means an oligomer that has a nucleotide sequence and a
backbone between subunits, wherein an antisense oligomer
is hybridized with the target sequence in the RNA by
Watson-Crick base pairing to typically allow the formation
of'the mRNA and RNA: oligomer heterodimers in the target
sequence. The oligomer may have an accurate or approxi-
mate sequence complementarity to the target sequence.
[0039] The kit of the present invention may be an RT-PCR
kit, a DNA chip kit, an ELISA kit, a protein chip kit, a rapid
kit, or a multiple-reaction monitoring (MRM) kit, without
being limited thereto. The diagnostic kit may further com-
prise one or more other component compositions, solutions
or devices suitable for the assay method. For example, the
diagnostic kit may further comprise essential elements nec-
essary for carrying out a reverse transcription polymerase
reaction. The reverse-transcription polymerase chain reac-
tion kit comprises a pair of primers specific for the gene
encoding the marker protein. The primer is an oligonucle-
otide having a sequence specific to the nucleic acid sequence
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of the gene and may have a length of about 7 bp to 50 bp,
more preferably about 10 bp to 30 bp. The kit may also
comprise a primer specific to the nucleic acid sequence of a
control gene. In addition, the reverse-transcription poly-
merase chain reaction kit may comprise a test tube or other
suitable container, a reaction buffer (various pHs and mag-
nesium  concentrations), deoxynucleotides (dNTPs),
enzymes such as Tag-polymerase and reverse transcriptase,
DNAse, an RNAse inhibitor, DEPC-water, sterilized water,
etc. The diagnostic kit may comprise essential elements
required to perform DNA chip assay. The DNA chip kit may
comprise a substrate having immobilized thereon a cDNA or
oligonucleotide corresponding to the gene or a fragment
thereof, a reagent for constructing a fluorescence-labeled
probe, an agent, an enzyme, and the like. In addition, the
substrate may comprise a cDNA or oligonucleotide corre-
sponding to a control gene or a fragment thereof. The
diagnostic kit of the present invention may comprise essen-
tial elements required to perform ELISA. The ELISA kit
comprises an antibody specific to the protein. The antibody
has a high specificity and affinity for the marker protein and
exhibits little or no cross-reactivity with other proteins. It is
a monoclonal antibody, a polyclonal antibody or a recom-
binant antibody. The ELISA kit may also comprise an
antibody specific to a control protein. In addition, the ELISA
kit may comprise reagents capable of detecting bound
antibodies, for example, labelled secondary antibodies,
chromophores, enzymes (e.g., conjugated with antibodies),
and substrates thereof or other substances capable of binding
to antibodies.

[0040] Yet another embodiment of the present invention is
directed to a device for diagnosing cancer, immune-related
disease or brain nervous system disease.

[0041] The measuring unit of the diagnostic device of the
present invention can measure the expression level of a
protein or gene using an agent that measures the expression
level of a protein or the gene that encodes the same in a
biological sample isolated from a subject of interest.

[0042] In the present invention, the subject of interest may
be selected from the group consisting of humans, rats, mice,
guinea pigs, hamsters, rabbits, monkeys, dogs, cats, cows,
horses, pigs, sheep and goats, and preferably may be
humans, but is not limited thereto.

[0043] In the present invention, the agent used in the
measuring unit of the diagnostic device may be an agent that
measures the expression level of selected from the group
consisting of RGS1, F5, and CD27 or the gene that encodes
it. More specifically, it may comprise at least one of those
selected from the group consisting of antibodies, oligopep-
tides ligands, peptide nucleic acids (PNAs), and aptamers
that specifically bind to the protein, and may comprise at
least one of those selected from the group consisting of
primers, probes, and antisense nucleotides that specifically
bind to the gene.

[0044] In the present invention, the presence of absence of
cancer, immune-related disease or brain nervous system
disease can be predicted by confirming the expression level
of the protein or the gene encoding the same by using the
aforementioned agent in the measuring unit of the diagnostic
device.

[0045] In the present invention, the diagnostic device may
further comprise a detection unit that predicts the presence
or absence of cancer, immune-related disease or brain ner-
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vous system disease in the subject of interest using the
protein or gene expression level obtained from the measur-
ing unit.

[0046] In the present invention, the detection unit may
diagnose cancer, immune-related disease or brain nervous
system disease by generating and classifying information
indicated that cancer, immune-related disease or brain ner-
vous system disease when the expression level of the protein
or gene obtained from the measuring unit is higher than the
expression level of selected from the group consisting of
RGS1, F5, and CD27 or the gene in the control.

[0047] Additionally, in the present invention, the detection
unit may diagnose cancer, immune-related disease or brain
nervous system disease by generating and classifying infor-
mation indicated that cancer, immune-related disease or
brain nervous system disease when the expression level of
the protein or gene obtained from the measuring unit is
lower than the expression level of selected from the group
consisting of RGS1, F5, and CD27 or the gene in the control.
[0048] In the present invention, the term “subject of inter-
est” refers to an individual whose disease onset is uncertain
and who is highly likely to develop the disease.

[0049] In the present invention, the term “biological
sample” refers to any material, biological fluid, tissue or cell
obtained from or derived from a subject. For example, the
biological sample may contain whole blood, leukocytes,
peripheral blood mononuclear cells, buffy coat, plasma,
serum, sputum, tears, mucus, nasal washes, nasal aspirate,
breath, urine, semen, saliva, peritoneal washings, pelvic
fluids, cystic fluid, meningeal fluid, amniotic fluid, glandular
fluid, pancreatic fluid, lymph fluid, pleural fluid, nipple
aspirate, bronchial aspirate, synovial fluid, joint aspirate,
organ secretions, cells, cell extract, or cerebrospinal fluid,
without being limited thereto.

[0050] In the present disclosure, “candidate substance”
comprises any substance, molecule, element, compound,
entity, or a combination thereof. Examples of the candidate
substance include, but are not limited to, proteins, polypep-
tides, small organic molecules, polysaccharides, polynucle-
otides, and the like. In addition, the candidate substance may
also be a natural product, a synthetic compound, or a
combination of two or more substances.

[0051] It is possible to use searching for phage-displayed
peptide clones that bind to the protein, high-throughput
screening (HTS) using natural material and chemical librar-
ies, drug hit HTS, cell-based screening, or DNA array-based
screening. In this case, the composition of the present
invention may comprise, in addition to the protein, a buffer
or reaction solution to stably maintain the structure or
physiological activity of the protein.

[0052] In addition, the composition of the present inven-
tion may comprise, for in vivo experiments, cells expressing
the protein, or cells containing a plasmid expressing the
protein under a promoter capable of regulating the transcrip-
tion rate. In the screening method of the present invention,
test substances include individual nucleic acids, proteins,
other extracts or natural products, compounds, etc., which
are assumed to have a potential as a cancer metastasis
inhibitor according to the conventional screening manner or
are randomly selected. A test substance exhibiting an activ-
ity of enhancing the expression of gene or enhancing the
function of the protein, obtained through the screening
method of the present invention, may provide an immuno-
suppressive candidate by developing an inhibitor against the
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test substance, and conversely, a test substance exhibiting an
activity of inhibiting the expression of the gene or inhibiting
the function of the protein, obtained through the screening
method of the present invention, may serve as an immuno-
suppressive candidate. Such an immunosuppressive candi-
date may act as a leading compound in the subsequent
process of developing an immunosuppressive agent, and it is
possible to develop a new immunosuppressive agent by
modifying and optimizing the structure of the leading com-
pound so that the leading compound is able to exhibit the
effect of inhibiting the function of the gene or the protein
expressed therefrom.

[0053] Inthe present invention, the term “small interfering
RNA (siRNA)” refers to a short (19 to 30 bp) double-strand
RNA duplex which, when introduced into a cell, exhibits the
effect of inhibiting only the expression of a specific gene
without non-specific inhibition. In the known mechanism of
action of siRNA, siRNA binds to the RNA-induced silenc-
ing complex (RISC) in the cell, the sense strand of the gene
corresponding to the mRNA is cut out, and the antisense
stand, which is complementary to the sense strand, is in a
complex with the RISC and binds to and degrades the
mRNA having a complementary nucleotide sequence, that
is, the mRNA of the target gene, thereby inhibiting the
expression of the gene.

[0054] In the present invention, the term “short hairpin
RNA (shRNA)” refers to one obtained by a process in which
an oligo DNA comprising a 3- to 10-base linker located
between a sense strand of the nucleotide sequence of the
target gene siRNA and an antisense strand complementary
thereto is synthesized and then cloned into a plasmid vector.
When shRNA is inserted into or expressed in retrovirus such
as lentivirus or adenovirus, shRNA with a looped hairpin
structure is produced and processed into siRNA by Dicer in
the cell, thereby exhibiting RNAi effects. shRNA has the
advantage of exhibiting RNAI effects for a relatively long
period of time. The siRNA of the present invention may be
in a chemically modified form to prevent rapid degradation
by nucleases in vivo. Because siRNA has a double-helix
structure, it is a relatively more stable structure than a
ribonucleic acid or antisense oligonucleotide having a
single-helix structure. However, since siRNA is quickly
degraded by nucleases in vivo, the degradation rate thereof
may be reduced through chemical modification. Methods for
chemical modification of siRNA to make siRNA stable and
resistant to easy degradation are well known to those skilled
in the art. The most commonly used method for chemical
modification of siRNA is modification with boranophos-
phate or phosphorothioate. These substances form a stable
linkage between the nucleosides of siRNA, and conse-
quently confer resistance to degradation by nucleases.
Although ribonucleic acid modified with boranophosphate
has the property of being resistant to degradation by nucle-
ases, it is not produced through a chemical reaction and is
synthesized only by a process in which boranophosphate is
incorporated into ribonucleic acid through an in vitro tran-
scription reaction. Although the method of modification with
boranophosphate is a relatively easy method, it has a dis-
advantage in that modification at a specific location is
difficult. On the other hand, the method of modification with
phosphorothioate has an advantage in that it is possible to
introduce sulfur elements into the desired portions, but a
high degree of phosphothioation may cause problems such
as reduced efficacy, toxicity, and non-specific formation of
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the RNA-induced silencing complex (RISC). Therefore, in
addition to the above two methods, a method of conferring
resistance to nucleases by chemically modifying only the
termination site (exceeding the 3' end) of ribonucleic acid
has recently been preferred. It is also known that chemical
modification of the ribose ring also increases resistance to
nucleases, and in particular, modification of the 2'-position
of the ribose originally present in the cell stabilizes siRNA.
However, stability increases only when a methyl group is
introduced exactly at this position, and on the contrary, if too
many methyl groups are introduced, they may cause prob-
lems such as loss of the ribonucleic acid-mediated interfer-
ence phenomenon. The reason for this chemical modifica-
tion is also to increase the in vivo pharmacokinetic residence
time and increase effectiveness (Mark et. al., Molecular
Therapy, 13:644-670, 2006). In addition to chemical modi-
fication methods, a safe and efficient delivery system is
required to increase the intracellular delivery efficiency of
siRNA. For this purpose, the siRNA of the present invention
may be contained in a pharmaceutical composition for
treating cancer in the form of a complex with a nucleic acid
delivery system.

[0055] In the present invention, the term “cancer” refers to
or describes the physiological condition in mammals that is
typically characterized by unregulated cell growth. Cancer
to be prevented, ameliorated or treated in the present inven-
tion may be a solid tumor consisting of an agglomerate
generated by abnormal cell growth in a solid organ, and may
be, without limitation, gastric cancer, liver cancer, glioblas-
toma, ovarian cancer, colorectal cancer, head and neck
cancer, bladder cancer, renal cell cancer, breast cancer,
metastatic cancer, prostate cancer, pancreatic cancer, mela-
noma, or lung cancer, depending on the location of the solid
organ.

[0056] In the present invention, the “immune-related dis-
ease” may be, but is not limited to, at least one selected from
the group consisting of autoimmune disease, graft-versus-
host disease, organ transplant rejection, asthma, atopy, and
acute or chronic inflammatory disease. Here, the autoim-
mune disease may be, but is not limited to, at least one
selected from the group consisting of rheumatoid arthritis,
systemic scleroderma, systemic lupus erythematosus, atopic
dermatitis, psoriasis, alopecia areata, asthma, Crohn’s dis-
ease, Behcet’s disease, Sjogren’s syndrome, Guillain-Barré
syndrome, chronic thyroiditis, multiple sclerosis, multiple
myositis, ankylosing spondylitis, fibrositis, and polyarteritis
nodosa.

[0057] In the present invention, the “brain nervous system
disease” may be a neurodegenerative disease or a neuroin-
flammatory disease.

[0058] In the present invention, the “neurodegenerative
disease” may refer to a disease caused by a decrease or loss
of function of nerve cells, and the “neuroinflammatory
disease” may refer to a disease caused by an excessive
inflammatory response in the nervous system.

[0059] In the present invention, a specific example of the
“neurodegenerative disease” or the “neuroinflammatory dis-
ease” may be selected from the group consisting of stroke,
dementia, Alzheimer’s disease, Parkinson’s disease, Hun-
tington’s disease, Niemann-Pick disease, multiple sclerosis,
prion disease, Creutzfeldt-Jakob disease, frontotemporal
dementia, dementia with Lewy bodies, amyotrophic lateral
sclerosis, paraneoplastic syndrome, corticobasal degenera-
tion, multiple system atrophy, progressive supranuclear
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palsy, nervous system autoimmune disease, spinocerebellar
ataxia, inflammatory and neuropathic pain, cerebrovascular
disease, spinal cord injury, and tauopathy, without being
limited thereto.

[0060] In the present invention, the expression “method
for identifying regulatory T cells” means a method of
amplifying a specific marker present in regulatory T cells by
reverse transcription polymerase chain reaction (RT-PCR)
and identifying the specific marker present in regulatory T
cells based on the fluorescence through fluorescence acti-
vated cell sorting (FACS), thereby identifying or isolating
regulatory T cells, without being limited thereto.

[0061] In the present invention, the “reverse transcription
polymerase reaction” is a modification of the polymerase
chain reaction (PCR), which is an experimental technique
commonly used in molecular biology to produce a large
number of DNA sequences by an amplification process.
However, in reverse transcription polymerase chain reac-
tion, RNA is first reverse transcribed by reverse transcriptase
to produce cDNA, and the produced cDNA is amplified by
conventional polymerase chain reaction or real-time poly-
merase chain reaction, without being limited thereto.
[0062] In the present invention, the term “fluorescence
activated cell sorting (FACS)” or “FACS” refers to a method
of separating a population of cells into one or more sub-
populations based on the presence, absence, or level of one
or more FACS selectable polypeptides expressed by the
cells. FACS relies on optical properties, including fluores-
cence, of individual cells in order to sort the cells into
sub-populations.

[0063] In the present invention, the “FACS seclectable
polypeptide” is a polypeptide that can be detected, directly
or indirectly, by flow cytometry. Examples of FACS select-
able polypeptides include polypeptides that include an extra-
cellular domain (e.g., CD52 or CD59) that are capable of
being bound to a detectable binding partner (e.g., a fluores-
cently-labeled antibody) for indirect detection of the poly-
peptide by flow cytometry. Other examples of FACS select-
able polypeptides include fluorescent proteins such as green
fluorescent protein (GFP), red fluorescent protein (RFP),
yellow fluorescent protein (YFP), blue fluorescent protein
(BFP), and wvariants thereof including eGFP, Venus,
mCherry, mTomato, and the like, which may be detected
directly by flow cytometry. Through FACS, specific markers
present in regulatory T cells may be identified, and regula-
tory T cells may be isolated.

[0064] To date, studies have been conducted on genes and
proteins present specifically in regulatory T cells, suggesting
that substances such as CD25, CTLA4, CD62L, CD38,
CD103, GITR, CD45RB and Lrig-1 (leucine-rich and
immunoglobulin-like domains 1) may correspond to marker
substances. For example, Lrig-1 protein is the marker of
regulatory T cell. Thus, studies show that if antagonist
antibodies or siRNA of Lrig-1 are administered to the
subject, they can inhibit the activity of regulatory T cell
(U.S. Pat. No. 11,655,287B2 and U.S. Pat. No. 11,279,
756B2). These shows the relationship between the expres-
sion reduction of Lrig-1, the marker in Treg and the sup-
pressive activity of Treg. In conclusion, a skilled person in
the art can understand that if an agent can down-regulate
RGS1, F5, or CD27 in Treg, the agent is an immunosup-
pressive agent.

[0065] One embodiment of the present invention provides
a method of identifying regulatory T cells using an antibody
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or antigen-binding fragment that binds specifically to any
one protein or fragment thereof selected from the group
consisting of RGS1, F5, and CD27.

[0066] Another embodiment of the present invention pro-
vides the method of identifying regulatory T cells, wherein
the protein is a cell surface protein that is expressed spe-
cifically on the surface of regulatory T cells.

[0067] Still another embodiment of the present invention
provides the method of identifying regulatory T cells,
wherein the regulatory T cells are at least one type selected
from the group consisting of effector regulatory T cells,
memory regulatory T cells, and regulatory T cells in tumor-
infiltrating lymphocytes.

[0068] One embodiment of the present invention provides
a composition for diagnosing cancer disease, comprising an
agent for measuring the expression level of any one protein
or fragment thereof selected from the group consisting of
RGS1, F5, and CD27, or a gene encoding the protein or
fragment thereof.

[0069] Another embodiment the present invention pro-
vides the composition for diagnosing, wherein the protein is
a cell surface protein that is expressed specifically on the
surface of regulatory T cells.

[0070] Still another embodiment of the present invention
provides the composition for diagnosing, wherein the regu-
latory T cells are at least one type selected from the group
consisting of effector regulatory T cells, memory regulatory
T cells, and regulatory T cells in tumor-infiltrating lympho-
cytes.

[0071] Yet another embodiment of the present invention
provides the composition for diagnosing, wherein the agent
for measuring the expression level of the protein or fragment
thereof comprises at least one selected from the group
consisting of an antibody, an oligopeptide, a ligand, a
peptide nucleic acid (PNA), and an aptamer, which bind
specifically to the protein or fragment thereof.

[0072] Still yet another embodiment of the present inven-
tion provides the composition for diagnosing, wherein the
agent for measuring the expression level of the gene encod-
ing the protein or fragment thereof comprises at least one
selected from the group consisting of a primer, a probe, and
an antisense oligonucleotide, which bind specifically to the
gene.

[0073] A further embodiment of the present invention
provides the composition for diagnosing, wherein the cancer
is ovarian cancer, colorectal cancer, pancreatic cancer, gas-
tric cancer, liver cancer, breast cancer, cervical cancer,
thyroid cancer, parathyroid cancer, lung cancer, non-small
cell lung cancer, prostate cancer, gallbladder cancer, biliary
tract cancer, non-Hodgkin’s lymphoma, Hodgkin’s lym-
phoma, hematological cancer, bladder cancer, kidney can-
cer, melanoma, colon cancer, bone cancer, skin cancer, head
cancer, uterine cancer, rectal cancer, brain tumor, perianal
cancer, fallopian tube carcinoma, endometrial carcinoma,
vaginal cancer, vulvar carcinoma, esophageal cancer, small
intestine cancer, endocrine adenocarcinoma, adrenal cancer,
soft tissue sarcoma, urethral cancer, penile cancer, cancer of
ureter, renal cell carcinoma, renal pelvic carcinoma, central
nervous system (CNS) tumor, primary CNS lymphoma,
spinal cord tumor, brainstem glioma, or pituitary adenoma.
[0074] Another embodiment of the present invention pro-
vides a kit for diagnosing cancer disease, comprising the
composition for diagnosing.
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[0075] One embodiment of the present invention provides
a method of providing information for diagnosing cancer
disease, comprising a step of measuring the expression level
of any one protein or fragment thereof selected from the
group consisting of RGS1, F5, and CD27, or a gene encod-
ing the protein or fragment thereof, in a biological sample
isolated from a subject of interest.

[0076] Another embodiment of the present invention pro-
vides the method of providing information, wherein the
protein is a cell surface protein that is expressed specifically
on the surface of regulatory T cells.

[0077] Still another embodiment of the present invention
provides the method of providing information, wherein the
regulatory T cells are at least one type selected from the
group consisting of effector regulatory T cells, memory
regulatory T cells, and regulatory T cells in tumor-infiltrat-
ing lymphocytes.

[0078] Yet another embodiment of the present invention
provides the method of providing information, wherein the
biological sample contains whole blood, leukocytes, periph-
eral blood mononuclear cells, buffy coat, plasma, serum,
sputum, tears, mucus, nasal washes, nasal aspirate, breath,
urine, semen, saliva, peritoneal washings, pelvic fluids,
cystic fluid, meningeal fluid, amniotic fluid, glandular fluid,
pancreatic fluid, lymph fluid, pleural fluid, nipple aspirate,
bronchial aspirate, synovial fluid, joint aspirate, organ secre-
tions, cells, cell extract, or cerebrospinal fluid.

[0079] Still yet another embodiment of the present inven-
tion provides the method of providing information, wherein
measurement of the expression level of the protein or
fragment thereof is performed by protein chip assay, immu-
noassay, ligand-binding assay, MALDI-TOF (matrix-as-
sisted laser desorption/ionization time of flight mass spec-
trometry) analysis, SELDI-TOF (surface enhanced laser
desorption/ionization-time of flight mass spectrometry)
analysis, radiation immunoassay, radiation immunodiffu-
sion, Ouchterlony immunodiffusion, rocket immunoelectro-
phoresis, tissue immunostaining, complement fixation assay,
2D electrophoresis assay, liquid chromatography-mass spec-
trometry (LC-MS), liquid chromatography-mass spectrom-
etry/mass spectrometry (LC-MS/MS), Western blotting, or
enzyme-linked immunosorbent assay (ELISA).

[0080] A further embodiment of the present invention
provides the method of providing information, wherein
measurement of the expression level of the gene encoding
the protein or fragment thereof is performed by reverse-
transcription polymerase chain reaction (RT-PCR), competi-
tive RT-PCR, real-time RT-PCR, RNase protection assay
(RPA), Northern blotting, or DNA chip assay.

[0081] Another further embodiment of the present inven-
tion provides the method of providing information, wherein
the cancer is ovarian cancer, colorectal cancer, pancreatic
cancer, gastric cancer, liver cancer, breast cancer, cervical
cancer, thyroid cancer, parathyroid cancer, lung cancer,
non-small cell lung cancer, prostate cancer, gallbladder
cancer, biliary tract cancer, non-Hodgkin’s lymphoma,
Hodgkin’s lymphoma, hematological cancer, bladder can-
cer, kidney cancer, melanoma, colon cancer, bone cancer,
skin cancer, head cancer, uterine cancer, rectal cancer, brain
tumor, perianal cancer, fallopian tube carcinoma, endome-
trial carcinoma, vaginal cancer, vulvar carcinoma, esopha-
geal cancer, small intestine cancer, endocrine adenocarci-
noma, adrenal cancer, soft tissue sarcoma, urethral cancer,
penile cancer, cancer of ureter, renal cell carcinoma, renal
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pelvic carcinoma, central nervous system (CNS) tumor,
primary CNS lymphoma, spinal cord tumor, brainstem
glioma, or pituitary adenoma.

[0082] One embodiment of the present invention provides
a composition for diagnosing immune-related disease, com-
prising an agent for measuring the expression level of any
one protein or fragment thereof selected from the group
consisting of RGS1, F5, and CD27, or a gene encoding the
protein or fragment thereof.

[0083] Another embodiment the present invention pro-
vides the composition for diagnosing, wherein the protein is
a cell surface protein that is expressed specifically on the
surface of regulatory T cells.

[0084] Still another embodiment of the present invention
provides the composition for diagnosing, wherein the regu-
latory T cells are at least one type selected from the group
consisting of effector regulatory T cells, memory regulatory
T cells, and regulatory T cells in tumor-infiltrating lympho-
cytes.

[0085] Yet another embodiment of the present invention
provides the composition for diagnosing, wherein the agent
for measuring the expression level of the protein or fragment
thereof comprises at least one selected from the group
consisting of an antibody, an oligopeptide, a ligand, a
peptide nucleic acid (PNA), and an aptamer, which bind
specifically to the protein or fragment thereof.

[0086] Still yet another embodiment of the present inven-
tion provides the composition for diagnosing, wherein the
agent for measuring the expression level of the gene encod-
ing the protein or fragment thereof comprises at least one
selected from the group consisting of a primer, a probe, and
an antisense oligonucleotide, which bind specifically to the
gene.

[0087] A further embodiment of the present invention
provides the composition for diagnosing, wherein the
immune-related disease is autoimmune disease, graft-ver-
sus-host disease, organ transplant rejection, asthma, atopy,
or acute or chronic inflammatory disease.

[0088] Another further embodiment of the present inven-
tion provides the composition for diagnosing, wherein the
autoimmune disease is selected from the group consisting of
rheumatoid arthritis, systemic scleroderma, systemic lupus
erythematosus, atopic dermatitis, psoriasis, alopecia areata,
asthma, Crohn’s disease, Behcet’s disease, Sjogren’s syn-
drome, Guillain-Barré syndrome, chronic thyroiditis, mul-
tiple sclerosis, multiple myositis, ankylosing spondylitis,
fibrositis, and polyarteritis nodosa.

[0089] Another embodiment of the present invention pro-
vides a kit for diagnosing immune-related disease, compris-
ing the composition for diagnosing.

[0090] One embodiment of the present invention provides
a method of providing information for diagnosing immune-
related disease, comprising a step of measuring the expres-
sion level of any one protein or fragment thereof selected
from the group consisting of RGS1, FS5, and CD27, or a gene
encoding the protein or fragment thereof, in a biological
sample isolated from a subject.

[0091] Another embodiment of the present invention pro-
vides the method of providing information, wherein the
protein is a cell surface protein that is expressed specifically
on the surface of regulatory T cells.

[0092] Still another embodiment of the present invention
provides the method of providing information, wherein the
regulatory T cells are at least one type selected from the
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group consisting of effector regulatory T cells, memory
regulatory T cells, and regulatory T cells in tumor-infiltrat-
ing lymphocytes.

[0093] Yet another embodiment of the present invention
provides the method of providing information, wherein the
biological sample contains whole blood, leukocytes, periph-
eral blood mononuclear cells, buffy coat, plasma, serum,
sputum, tears, mucus, nasal washes, nasal aspirate, breath,
urine, semen, saliva, peritoneal washings, pelvic fluids,
cystic fluid, meningeal fluid, amniotic fluid, glandular fluid,
pancreatic fluid, lymph fluid, pleural fluid, nipple aspirate,
bronchial aspirate, synovial fluid, joint aspirate, organ secre-
tions, cells, cell extract, or cerebrospinal fluid.

[0094] Still yet another embodiment of the present inven-
tion provides the method of providing information, wherein
measurement of the expression level of the protein or
fragment thereof is performed by protein chip assay, immu-
noassay, ligand-binding assay, MALDI-TOF (matrix-as-
sisted laser desorption/ionization time of flight mass spec-
trometry) analysis, SELDI-TOF (surface enhanced laser
desorption/ionization-time of flight mass spectrometry)
analysis, radiation immunoassay, radiation immunodiffu-
sion, Ouchterlony immunodiffusion, rocket immunoelectro-
phoresis, tissue immunostaining, complement fixation assay,
2D electrophoresis assay, liquid chromatography-mass spec-
trometry (LC-MS), liquid chromatography-mass spectrom-
etry/mass spectrometry (LC-MS/MS), Western blotting, or
enzyme-linked immunosorbent assay (ELISA).

[0095] A further embodiment of the present invention
provides the method of providing information, wherein
measurement of the expression level of the gene encoding
the protein or fragment thereof is performed by reverse
transcription-polymerase chain reaction (RT-PCR), competi-
tive RT-PCR, real-time RT-PCR, RNase protection assay
(RPA), Northern blotting, or DNA chip assay.

[0096] Another further embodiment of the present inven-
tion provides the method of providing information, wherein
the immune-related disease is autoimmune disease, graft-
versus-host disease, organ transplant rejection, asthma,
atopy, or acute or chronic inflammatory disease.

[0097] Still another further embodiment of the present
invention provides the method of providing information,
wherein the autoimmune disease is selected from the group
consisting of rheumatoid arthritis, systemic scleroderma,
systemic lupus erythematosus, atopic dermatitis, psoriasis,
alopecia areata, asthma, Crohn’s disease, Behcet’s disease,
Sjogren’s syndrome, Guillain-Barré syndrome, chronic thy-
roiditis, multiple sclerosis, multiple myositis, ankylosing
spondylitis, fibrositis, and polyarteritis nodosa.

[0098] One embodiment of the present invention provides
a composition for diagnosing brain nervous system disease,
comprising an agent for measuring the expression level of
any one protein or fragment thereof selected from the group
consisting of RGS1, F5, and CD27, or a gene encoding the
protein or fragment thereof.

[0099] Another embodiment the present invention pro-
vides the composition for diagnosing, wherein the protein is
a cell surface protein that is expressed specifically on the
surface of regulatory T cells.

[0100] Still another embodiment of the present invention
provides the composition for diagnosing, wherein the regu-
latory T cells are at least one type selected from the group
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consisting of effector regulatory T cells, memory regulatory
T cells, and regulatory T cells in tumor-infiltrating lympho-
cytes.

[0101] Yet another embodiment of the present invention
provides the composition for diagnosing, wherein the agent
for measuring the expression level of the protein or fragment
thereof comprises at least one selected from the group
consisting of an antibody, an oligopeptide, a ligand, a
peptide nucleic acid (PNA), and an aptamer, which bind
specifically to the protein or fragment thereof.

[0102] Still yet another embodiment of the present inven-
tion provides the composition for diagnosing, wherein the
agent for measuring the expression level of the gene encod-
ing the protein or fragment thereof comprises at least one
selected from the group consisting of a primer, a probe, and
an antisense oligonucleotide, which bind specifically to the
gene.

[0103] A further embodiment of the present invention
provides the composition for diagnosing, wherein the brain
nervous system disease is a neurodegenerative disease or a
neuroinflammatory disease.

[0104] Another further embodiment of the present inven-
tion provides the composition for diagnosing, wherein the
neurodegenerative disease or the neuroinflammatory disease
is selected from the group consisting of stroke, dementia,
Alzheimer’s disease, Parkinson’s disease, Huntington’s dis-
ease, Niemann-Pick disease, multiple sclerosis, prion dis-
ease, Creutzfeldt-Jakob disease, frontotemporal dementia,
dementia with Lewy bodies, amyotrophic lateral sclerosis,
paraneoplastic syndrome, corticobasal degeneration, mul-
tiple system atrophy, progressive supranuclear palsy, ner-
vous system autoimmune disease, spinocerebellar ataxia,
inflammatory and neuropathic pain, cerebrovascular disease,
spinal cord injury, and tauopathy.

[0105] Another embodiment of the present invention pro-
vides a kit for diagnosing brain nervous system disease,
comprising the composition for diagnosing.

[0106] One embodiment of the present invention provides
a method of providing information for diagnosing brain
nervous system disease, comprising a step of measuring the
expression level of any one protein or fragment thereof
selected from the group consisting of RGS1, F5, and CD27,
or a gene encoding the protein or fragment thereof, in a
biological sample isolated from a subject.

[0107] Another embodiment of the present invention pro-
vides the method of providing information, wherein the
protein is a cell surface protein that is expressed specifically
on the surface of regulatory T cells.

[0108] Still another embodiment of the present invention
provides the method of providing information, wherein the
regulatory T cells are at least one type selected from the
group consisting of effector regulatory T cells, memory
regulatory T cells, and regulatory T cells in tumor-infiltrat-
ing lymphocytes.

[0109] Yet another embodiment of the present invention
provides the method of providing information, wherein the
biological sample contains whole blood, leukocytes, periph-
eral blood mononuclear cells, buffy coat, plasma, serum,
sputum, tears, mucus, nasal washes, nasal aspirate, breath,
urine, semen, saliva, peritoneal washings, pelvic fluids,
cystic fluid, meningeal fluid, amniotic fluid, glandular fluid,
pancreatic fluid, lymph fluid, pleural fluid, nipple aspirate,
bronchial aspirate, synovial fluid, joint aspirate, organ secre-
tions, cells, cell extract, or cerebrospinal fluid.
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[0110] Still yet another embodiment of the present inven-
tion provides the method of providing information, wherein
measurement of the expression level of the protein or
fragment thereof is performed by protein chip assay, immu-
noassay, ligand-binding assay, MALDI-TOF (matrix-as-
sisted laser desorption/ionization time of flight mass spec-
trometry) analysis, SELDI-TOF (surface enhanced laser
desorption/ionization-time of flight mass spectrometry)
analysis, radiation immunoassay, radiation immunodiffu-
sion, Ouchterlony immunodiffusion, rocket immunoelectro-
phoresis, tissue immunostaining, complement fixation assay,
2D electrophoresis assay, liquid chromatography-mass spec-
trometry (LC-MS), liquid chromatography-mass spectrom-
etry/mass spectrometry (LC-MS/MS), Western blotting, or
enzyme-linked immunosorbent assay (ELISA).

[0111] A further embodiment of the present invention
provides the method of providing information, wherein
measurement of the expression level of the gene encoding
the protein or fragment thereof is performed by reverse
transcription-polymerase chain reaction (RT-PCR), competi-
tive RT-PCR, real-time RT-PCR, RNase protection assay
(RPA), Northern blotting, or DNA chip assay.

[0112] Another further embodiment of the present inven-
tion provides the method of providing information, wherein
the brain nervous system disease is a neurodegenerative
disease or a neuroinflammatory disease.

[0113] Still another further embodiment of the present
invention provides the method of providing information,
wherein the neurodegenerative disease or the neuroinflam-
matory disease is selected from the group consisting of
stroke, dementia, Alzheimer’s disease, Parkinson’s disease,
Huntington’s disease, Niemann-Pick disease, multiple scle-
rosis, prion disease, Creutzfeldt-Jakob disease, frontotem-
poral dementia, dementia with Lewy bodies, amyotrophic
lateral sclerosis, paraneoplastic syndrome, corticobasal
degeneration, multiple system atrophy, progressive supra-
nuclear palsy, nervous system autoimmune disease, spinoc-
erebellar ataxia, inflammatory and neuropathic pain, cere-
brovascular disease, spinal cord injury, and tauopathy.

Advantageous Effects

[0114] The marker protein or fragment thereof specific for
regulatory T cells according to the present invention is able
to distinguish regulatory T cells from other immune cells,
and thus may be used to identify regulatory T cells. In
addition, by identifying regulatory T cells expressing the
marker specific for regulatory T cells, it is possible to
diagnose cancer, immune-related disease, or brain nervous
system disease, which is affected by the regulatory T cells.

MODE FOR INVENTION

[0115] Hereinafter, the present invention will be described
in detail by way of the following examples. However, the
following examples are intended only to illustrate the pres-
ent invention, and the scope of the present invention is not
limited by the following examples.

[0116] Single cell mRNA sequencing data obtained by
analysis from patient samples of a total of three types of
cancer (colorectal cancer, hepatocellular carcinoma, and
non-small cell lung carcinoma) were applied to a decision-
tree-based algorithm called XGBoost (EXtreme Gradient
Boosting). At this time, XGBoost found the optimal com-
bination for classification into two sets using the decision-
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based tree through TPM values. Using this, it was possible
to primarily classify which genes are involved in classifi-
cation and which genes are specifically expressed in tumor
Tregs.

Example 1. Selection of Regulatory T Cell
Biomarkers in Colorectal Cancer (CRC)

[0117] Patient samples (total of 12 patients=8 men and 4
women) were collected from peripheral blood, fresh cancer
tissue, and normal tissue at least 2 cm from the collected
cancer tissue.

[0118] Next, single-cell sorting, reverse transcription,
amplification and sequencing were performed as follows.

[0119] i) A tissue piece of 1 mm® was cut from each of
collected tissues, placed in RPMI-1640 (10% FBS),
and enzymatically digested using a MACS tumor dis-
sociation kit (Miltenyl Biotec) in a rotor at 37° C. for
30 minutes.

[0120] 1ii) The digested tissue was passed through a
40-um cell-strainer and centrifuged at 400 g for 10
minutes.

[0121] iii) The supernatant was discarded, and red
blood cells were lysed using RBC lysis buffer for 2
minutes.

[0122] iv) After washing twice with PBS, the cell pellet
was resuspended in PBS/1% FBS.

[0123] v) PBMCs were isolated using HISTOPAQUE-
1077.
[0124] vi) Staining with human CD3, CD4, CDS, and

CD25 antibodies was performed, and single-cell sort-
ing was performed by FACS.

[0125] wvii) To classify cytotoxic T cells, Th cells, and
Treg cells into subsets, the cells were enriched into
7AAD-CD3+CD8+, 7AAD-CD3+CD4+CD25-, and
7TAAD-CD3+CD4+CD25hi, respectively, and collected
in 96-well plates precooled to 4° C., followed by lysis
with lysis buffer.

[0126] viii) cDNA was synthesized from the single-cell
lysate by reverse transcriptase PCR using the Smart-
Seq2 (Nat Protoc. 2014 January; 9 (1): 171-81) method,
and the mRNA expression level was measured by
qPCR.

[0127] At this time, the T cell subsets used in analysis
were tumor Tregs, peripheral Tregs, Th17, effector memory
T cells, and naive T cells. In addition, the number of cells
used in analysis was 10,805 cells (data for 12,525 genes) out
of 11,138 single cells.

[0128] The analysis indicators were as follows:

[0129] TPM (transcripts per million)=reads/transcript
length/kilobase/1,000,000 Analysis was performed in the
following manner.

[0130] The average TPM value for each gene expressed in
each subset was calculated:

[0131] (1) Tumor Tregs: 1,319 cells;
[0132] (2) Peripheral Tregs: 365 cells;
[0133] (3) Th17:229 cells;
[0134] (4) Effector memory T cells: 204 cells; and
[0135] (5) Naive T cells: 472 cells.
[0136] Tumor Treg cells were distinguished from other

cell subsets (peripheral Tregs, Th17 cells, effector memory
T cells, and naive T cells):
[0137] @ Tumor Treg cluster: 1,319 single cells; and
[0138] @ Non-tumor Treg cluster: 1,270 single cells.
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[0139] The machine learning process was performed using
XGBoost as follows:

[0140] @ TPM values for every single cell were input
into XGBoost to generate a conditional algorithm that could
most efficiently distinguish tumor Tregs from other T cell
subsets. At this time, 474 genes were used in the conditions.
[0141] @ The algorithm using 474 genes distinguished
tumor Tregs from other T cell subsets with an accuracy of
97.5%.

[0142] In order to find surface markers among the 474
selected genes, only genes with an expression level of 4 to
5 on the plasma membrane were reselected. In the final step,
Treg-specific markers were selected based on the following
detailed strategy.

[0143] Scenario 1: Genes whose TPM values in
tumor Treg cells are higher than the TPM values in
naive T cells

[0144] @ Scenario 2: Genes whose TPM values in
tumor Treg cells are higher than the TPM values in
peripheral Treg cells

[0145] Scenario 3: Genes whose TPM values in
peripheral Treg cells are higher than the TPM values in
naive T cells

[0146] @ Scenario 4: Genes whose TPM values in
peripheral Treg cells are higher than the TPM values in
Th17 cells

[0147] The following markers were selected based on the
above scenarios (see Table 1 below):

Example 2. Selection of Regulatory T Cell
Biomarkers in Hepatocellular Carcinoma (HCC)

[0148] Patient samples (total of 12 patients=8 men and 4
women) were collected from peripheral blood, fresh cancer
tissue, and normal tissue at least 2 cm from the collected
cancer tissue.

[0149] Next, single-cell sorting, reverse transcription,
amplification and sequencing were performed in the same
manner as in Example 1.

[0150] However, the T cell subsets used in analysis were
tumor Tregs, peripheral Tregs, naive T cells, cytotoxic CD4
cells, and exhausted T cells.

[0151] The number of cells used in analysis was 5,063
single cells (data for 23,389 genes).

[0152] The analysis indicator and analysis method were
performed in the same manner as in Example 1. However,
the following cell subsets were used:

[0153] (1) Tumor Tregs: 582 cells;
[0154] (2) Peripheral Tregs: 261 cells;
[0155] (3) Naive T cells: 646 cells; and
[0156] (4) Exhausted T cells: 146 cells.
[0157] Tumor Treg cells were distinguished from other

cell subsets (peripheral Tregs, exhausted T cells, cytotoxic
CD4 cells, and naive T cells):

[0158] Tumor Treg cluster: 582 single cells
[0159] Non-tumor Treg cluster: 1,220 single cells
[0160] The machine learning process was performed using

XGBoost as follows:

[0161] @ TPM values for every single cell were input
into XGBoost to generate a conditional algorithm that could
most efficiently distinguish tumor Tregs from other T cell
subsets. At this time, 281 genes were used in the conditions.
[0162] @ The algorithm using 281 genes distinguished
tumor Tregs from other T cell subsets with an accuracy of
97.78%.
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[0163] In order to find surface markers among the selected
genes, only genes with an expression level of 4 to 5 on the
plasma membrane were reselected. In the final step, Treg-
specific markers were selected based on the following
detailed strategy.

[0164] @ Scenario 1: Genes whose TPM values in
tumor Treg cells are higher than the TPM values in
naive T cells

[0165] @ Scenario 2: Genes whose TPM values in
peripheral Treg cells are higher than the TPM values in
naive T cells

[0166] @ Scenario 3: Genes whose TPM values in
tumor Treg cells are higher than the TPM values in
peripheral Treg cells

[0167] The following markers were selected based on the
above scenarios (see Table 1 below):

Example 3. Selection of Regulatory T Cell
Biomarkers in Non-Small Cell Lung Carcinoma
(NSCLC)

[0168] Patient samples (11 adenocarcinoma patients, and
3 squamous cell carcinoma patients) were collected from
peripheral blood and fresh cancer tissue.

[0169] Next, single-cell sorting, reverse transcription,
amplification and sequencing were performed in the same
manner as in Example 1. However, the T cell subsets used
in analysis were tumor Tregs, peripheral Tregs, naive T cells,
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[0181] The machine learning process was performed using
XGBoost as follows:

[0182] @ TPM values for every single cell were input
into XGBoost to generate a conditional algorithm that
could most efficiently distinguish tumor Tregs from
other T cell subsets. At this time, 548 genes were used
in the conditions.

[0183] @ The algorithm using 548 genes distinguished
tumor Tregs from other T cell subsets with an accuracy
of 96.71%.

[0184] In order to find surface markers among the selected
genes, only genes with an expression level of 4 to 5 on the
plasma membrane were reselected. In the final step, Treg-
specific markers were selected based on the following
detailed strategy.

[0185] @ Scenario 1: Genes whose TPM values in
tumor Treg cells are higher than the TPM values in
naive T cells

[0186] @ Scenario 2: Genes whose TPM values in
peripheral Treg cells are higher than the TPM values in
naive T cells

[0187] @ Scenario 3: Genes whose TPM values in
tumor Treg cells are higher than the TPM values in
peripheral Treg cells

[0188] The following markers were selected based on the
above scenarios (see Table 1 below):

TABLE 1
Peripheral Exhausted Cytotoxic Naive

Treg cells Treg cells T cells CD4 cells T cells
F5
CRC 3.100195011 -0.399058546  -0.914322388 -0.580858528
HCC 76.68346154 7.718967563  13.65846679
NSCLC 2.971520357 -0.737334345  -0.384756266  0.389661106 2.108812156
CD27
CRC 2.499269581 -2.405700303 1.575739572  1.529513703
HCC 1719.785654 516.3749448 761.0570309

NSCLC 3.282889886 -3.151742758 1.350902944  0.484835081 2.482556123
RGS1
CRC 3.517801886 3.540307286 2.20818689  -5.350675572

HCC 3801.927585
3.662258478

NSCLC

5962.456581
-3.686078393

84.52466424

—-3.882425395  4.515817357 -0.340774184

cytotoxic CD4 cells, exhausted T cells, central memory T
cells, and effector memory T cells.

[0170] The number of cells used in analysis was 12,346
single cells (data for 12,394 genes).

[0171] The analysis indicator and analysis method were
performed in the same manner as in Example 1. However,
the following cell subsets were used:

[0172] (1) Tumor Tregs: 939 cells;
[0173] (2) Resting Tregs: 428 cells;
[0174] (3) Naive T cells: 532 cells;
[0175] (4) Exhausted T cells: 343 cells;
[0176] (5) Central memory T cells: 666 cells; and
[0177] (6) Effector memory T cells: 434 cells.
[0178] Tumor Treg cells were distinguished from other

cell subsets (peripheral Tregs, exhausted T cells, cytotoxic
CDA4 cells, and naive T cells):

[0179] % Tumor Treg cluster: 939 single cells

[0180] Non-tumor Treg cluster: 2,398 single cells

1-72. (canceled)

73. A method for screening an agent for RGS1, F5, or
CD27 up-regulating activity or RSG1, F5, or CD27 down-
regulating activity, the method comprising:

(a) contacting the agent with a regulatory T cell express-

ing RGS1, F5, or CD27;
(b) measuring an expression level of the RGS1, F5, or
CD27 expressed by the regulatory T cell; and

(¢) determining that the agent has RGS1, F5, or CD27
up-regulating activity when the expression level is
up-regulated, or determining that the agent has RGS1,
F5, or CD27 down-regulating activity when the expres-
sion level is down-regulated.

74. The method of claim 73, wherein the agent is an
immunosuppressive agent.

75. The method of claim 73, wherein the expression level
of'the RGS1, F5, or CD27 expressed by the regulatory T cell
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is determined by reverse transcription-polymerase chain
reaction (RT-PCR), competitive RT-PCR, real-time
RT-PCR, RNase protection assay (RPA), Northern blotting,
DNA chip assay, or fluorescence activated cell sorting
(FACS).

76. A method for identifying regulatory T cells using an
antibody or antigen-binding fragment that binds specifically
to any one protein or fragment thereof selected from the
group consisting of RGS1, F5, and CD27.

77. The method of claim 76, wherein the protein is a cell
surface protein that is expressed specifically on surfaces of
the regulatory T cells.

78. The method of claim 76, wherein the regulatory T
cells are at least one type selected from the group consisting
of effector regulatory T cells, memory regulatory T cells, and
regulatory T cells in tumor-infiltrating lymphocytes.

79. A method for diagnosing a disease, the method
comprising measuring an expression level of a protein or a
fragment thereof selected from the group consisting of
RGS1, F5, and CD27, or a gene encoding the protein or the
fragment thereof, wherein the disease is cancer, an immune-
related disease or a brain nervous system disease.

80. The method of claim 79, wherein the disease is
ovarian cancer, colorectal cancer, pancreatic cancer, gastric
cancer, liver cancer, breast cancer, cervical cancer, thyroid
cancer, parathyroid cancer, lung cancer, non-small cell lung
cancer, prostate cancer, gallbladder cancer, biliary tract
cancer, non-Hodgkin’s lymphoma, Hodgkin’s lymphoma,
hematological cancer, bladder cancer, kidney cancer, mela-
noma, colon cancer, bone cancer, skin cancer, head cancer,
uterine cancer, rectal cancer, brain tumor, perianal cancer,
fallopian tube carcinoma, endometrial carcinoma, vaginal
cancer, vulvar carcinoma, esophageal cancer, small intestine
cancer, endocrine adenocarcinoma, adrenal cancer, soft tis-
sue sarcoma, urethral cancer, penile cancer, cancer of ureter,
renal cell carcinoma, renal pelvic carcinoma, central nervous
system (CNS) tumor, primary CNS lymphoma, spinal cord
tumor, brainstem glioma, or pituitary adenoma.

81. The method of claim 79, wherein the disease is an
immune-related disease selected from an autoimmune dis-
ease, a graft-versus-host disease, an organ transplant rejec-
tion, asthma, atopy, or an acute or chronic inflammatory
disease.

82. The method of claim 81, wherein the immune-related
disease is an autoimmune disease selected from the group
consisting of rheumatoid arthritis, systemic scleroderma,
systemic lupus erythematosus, atopic dermatitis, psoriasis,
alopecia areata, asthma, Crohn’s disease, Behcet’s disease,
Sjogren’s syndrome, Guillain-Barré syndrome, chronic thy-
roiditis, multiple sclerosis, multiple myositis, ankylosing
spondylitis, fibrositis, and polyarteritis nodosa.
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83. The method of claim 79, wherein the disease is a brain
nervous system disease that is a neurodegenerative disease
or a neuroinflammatory disease.
84. The method of claim 83, wherein the neurodegenera-
tive disease or the neuroinflammatory disease is selected
from the group consisting of stroke, dementia, Alzheimer’s
disease, Parkinson’s disease, Huntington’s disease,
Niemann-Pick disease, multiple sclerosis, prion disease,
Creutzfeldt-Jakob  disease, frontotemporal dementia,
dementia with Lewy bodies, amyotrophic lateral sclerosis,
paraneoplastic syndrome, corticobasal degeneration, mul-
tiple system atrophy, progressive supranuclear palsy, ner-
vous system autoimmune disease, spinocerebellar ataxia,
inflammatory and neuropathic pain, cerebrovascular disease,
spinal cord injury, and tauopathy.
85. A composition for diagnosing a disease, the compo-
sition comprising an agent that measures an expression level
of a protein or a fragment thereof selected from the group
consisting of RGS1, F5, and CD27, or a gene encoding the
protein or the fragment thereof, wherein the disease is
cancer, an immune-related disease or a brain nervous system
disease.
86. The composition of claim 85, wherein the agent
comprises:
at least one selected from the group consisting of an
antibody, an oligopeptide, a ligand, a peptide nucleic
acid (PNA), and an aptamer, wherein the agent binds
specifically to the protein or the fragment thereof; or

at least one selected from the group consisting of a primer,
a probe, and an antisense oligonucleotide, wherein the
agent binds specifically to the gene encoding the pro-
tein or the fragment thereof.

87. A kit for diagnosing a disease, the kit comprising the
composition of claim 85, wherein the disease is cancer, an
immune-related disease or a brain nervous system disease.

88. A device for diagnosing a disease, the device com-
prising:

(a) a measuring unit that measures an expression level of

a protein selected from the group consisting of RGS1,
F5, and CD27 or a gene encoding the protein in a
biological sample isolated from a subject of interest,
and

(b) a detection unit that outputs an onset or possibility of

an onset of the disease in the subject of interest based
on the expression level measured by the measuring
unit,

wherein the disease is cancer, an immune-related disease

or a brain nervous system disease.

#* #* #* #* #*



