DESCRIPTION PHARMACEUTICAL COMPOSITION FOR TREATING
OR PREVENTING CANCER BY INDUCING DENDRITIC CELL-LIKE
DIFFERENTIATION FROM MONOCYTES TO IMPROVE ANTICANCER
IMMUNE ACTIVITY Technical Field The present invention relates to a
pharmaceutical composition for treating or preventing cancer by
improving anticancer immune%@ﬁ%?%m round Art Dendritic cells
(DCs) are the most powerful antigen presenting cells in the living body.
Dendritic cells are known to induce immune responses by presenting
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role in immune reactions by directly acting not only on T cells but also on
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stimulation so as to cause an increase in the expression of CD40, CD8O0,

CD86, or thENRMINREDRIHirg/! TN ttam INMEHESHEIbW E¥pacity. In

addition, DCs migrate to peripheral lymphatic tissue and activate T cells

that are specific to antigens incorporated thereinto so as to induce
Technld¥NENgesponses. In general, there are only a small number of

references that disclose substances recognized as having the ability to

induCecderdetic califlike) diffeeentiatigrh fromdaioockipreairsatioallfoMesiting or

such substances are well-known cytokines. For instance, there are many
preven{ing ¢anse iy iHHRKOR HIMFFSRSSE ATUAIES AL HY the combined use of

GM-CSF and IL-4. This combination is called a "gold standard" for

dendritic cell differentiation. In addition, as substances capable of
Backghiseing-dendritic cell differentiation when used alone or in combination,

TNF-alpha, IL-2, IL-3, IL-6, IL-7, IL-12, IL-13, IL-15, HGF (hepatocyte
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been repgrted. Among these proteins, examples of a | substance capable
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immune reactions by directly acting not only on T cells but also on B cells, NK cells,

NKT cells, and the like. Immature DCs receive antigen stimulation so as to cause an
increase in the expression of CD40, CD80, CD86, or the like. Accordingly, DCs attain
T cell stimulatory capacity. In addition, DCs migrate to peripheral lymphatic tissue and
activate T cells that are specific to antigens incorporated thereinto so as to induce
immune responses.

In general, there are only a small number of references that disclose substances
recognized as having the ability to induce dendritic cell{~like) differentiation from blood
precursor cells. Most such substances are well-known cytokines. For instance, there
are many reports on the induction of differentiation caused by the combined use of
GM-CSF and 1L-4. This combination is called a "gold standard" for dendritic cell
differentiation.  In addition, as substances capable of inducing dendritic cell
differentiation when used alone or in combination, TNF-alpha, [L-2, IL-3, IL-6, IL-7,
IL-12, 1L-13, IL-15, HGF (hepatocyte growth factor), a CD40 ligand, M-CSF, an Fit3

ligand, and TGF-beta have been reported. Among these proteins, examples of a



IL-2 has been confirmed to have in vivo anticancer effects (see

Non-Patent Document 1). Meanwhile, the REIC gene is known as a gene

involved in cell immortalization. It has been reported that the expression

of the gene is suppressed in cancer cells (see Patent Document 1 and

Non-Patent Documents 2 to 5). The REIC gene is a member of the Dkk
substfapsilpanahis beerdagiye stedunmr DRRs1tavhiEfeisndimemberdtrsiibic cell(-like)

family, inhibits Wnt signal transduction_via Writ receptors (Non-Patent
cells @5@;&&1& STEAAd . i ggﬁﬁhié%%e%ao doljgayd.  OF these, only
1.-2 HVBageladrales in, imRRrian: biolagical Renemenasudl ap sell ofoWiinent 1).

cell differentiation, and canceration (see Non-Patent Document 8).
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genes) probably has important _functions for cell growth, cell
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Dkk family have nat been elucidated. Patent Document 1: WO01/038523
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(2002) Disclosure of the Invention It is an object of the present invention
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functipgs Aapmprtineiogithl edhHFferardpdonc Hikbrenesmbies th iefrectsof the
functi SRS GRS 9T SRAGR: BEh 37§ .

Patent Document 1: W001/038523

Non-Patent Document 1: Zou GM. Et al., Eur Cytokine Netw. 2002
Apr-Jun;13(2):186-99.

Non-Patent Document 2: Tsuji, T. et al., BiochemBiophys Res Commun 268, 20-4 (2000)
Non-Patent Document 3: Tsuji, T. et al., BiochemBiophys Res Commun 289, 257-63
(2001)

Non-Patent Document 4: Nozaki, 1. et al., Int J Oncol 19, 117-21 (2001)

Non-Patent Document 5: Kurose, K. et al., ] Urol 171, 1314-8 (2004)

Non-Patent Document 6: Bafico, A. et al., Nat Cell Biol 3, 683-6 (2001)

Non-Patent Document 7: Hoang, B. H. et al., Cancer Res 64, 2734-9 (2004)

Non-Patent Document 8: Moon, R. T, et al,, Science 296, 1644-6 (2002)

Disclosure of the Invention
It 1s an object of the present invention to induce or activate dendritic cell-like

ceils so as to treat or prevent cancer by immunotherapy.



cell cancer in some cases. However, it is well-known in clinical practice
that the types of cancer for which the protein can be administered and the
effects of such protein are limited. The present inventors conducted
intensive studies on the cancer immunotherapeutic effects of the
REIC(REIC/Dkk-3) protein that had been previously isolated by the
presehtdasemnbsts. 3 eeredut, lfhel preeeirinvénedrsifoandithaxuhel qeidg cancer
protein can inﬁéuﬁge_ monocytes to ?ifferentiate into dendritic ¢ell-like cells,
therapgiil e e aﬁtfg%‘@iﬁ‘ﬁ‘k‘écc §565 ER0LE BRGNS TOASHBI Bghirfsas renal
cell cAGANGELARIIRR. andiius. AHOWING L PMENLOL PLRYEOHOR LHEANGER the types
This has led to the completion of the present invention, which relates to
of cantlte Usewhibie REIGprdieithada déndiiicecall tifferendgton-BUueMdprotein are
agent, an agent for activating cancer immunity, or a cancer therapeutic or
limitegyrophylactic agent. The present inventors found that the REIC protein,
Whi;itjg}is found to be expressed/se reteg at.a decreased level in almagst

anytype é?ﬁ%%er,%‘é%@ésusga _ g _n&@rt‘cfﬁé’r‘é?)eﬁﬁ GontHaviHl thgancer
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that the therapeutic effects of the REIC protein may be superior to th
isolatetherapeusic effedts/ehibr2. The present ihventarsmbave:demonstrateightiiat REIC

the REIC protein itself can induce anticancer immunity, and they have
proteipgafirmédaharedtiineds 6ftiseerREat prénedstdriinoird] hssurrdlandlowing the

dend .,itnflargm tion(ﬂZenomena. In .view of carcjnogenesis, the REIC protein
endrits fedfitthfio
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reduced in many types of cancer cells). Therefore, it is thought that the
presen@ntieangen)mmuie adtivity i» uhkkebetobelindRESd ipeastentissudesdritic cell
i that the presence of cancer is not detected through the biological
differepHatipinEariesr e8mmANISBIcH ISIIMALSY RUAEhd PBIBIerafion cancer

or.progression of cancer. Under such circumstances, the REI rotein, is .
therapeytic oD yf%c%% ﬁ%ny dlehe r‘Rresen’cr mven%ga%%hnf thzlist (,[.‘hg ﬂﬁ& protein,

also us san age or preventing cancera arcinogenesis

which ITRKGA anticangaeiVNLBE3CUVALIDR e SRESHICRIN thearaseRhinYeRien cancer,
is described as follows. 3 [1] An agent for inducing differentiation from
can be nugrioey tesamtorddriitivibelkiiket having the effect of activating cancer immunity

against various types of cancer, and that the therapeutic effects of the REIC protein may
be superior to the therapeutic effects of IL-2. . The present inventors have demonstrated
that the REIC protein itself can induce anticancer immunity, and they have confirmed the
usefulness of the REIC protein for in vivo immune and inflammation phenomena. In
view of carcinogenesis, the REIC protein concentration is probably low in tissue in
which canceration progresses (because the expression or secretion of the REIC protein is
absent or reduced in many types of cancer cells). Therefore, it is thought that the
anticancer immune activity is unlikely to be induced in cancer tissue so that the presence
of cancer is not detected through the biclogical immunity (cancer cell immunological
tolerance), resulting in proliferation or progression of cancer, Under such
circumstances, the REIC protein is also useful as an agent for preventing
canceration/carcinogenesis through anticancer immune activation.

Specifically, the present invention is described as follows.



cells, which comprises, as an active ingredient, the following REIC protein:
(a) a protein consisting of the amino acid sequence shown in SEQ ID NO:
2; or (b) a protein consisting of an amino acid sequence derived from the
amino acid sequence shown in SEQ ID NO: 2 by substitution, deletion, or
addition of one or more amino acid(s) and having the activity of inducing

[1]  diffePeAgafioROf ORAHIORS cYEETIRNG HiriH e andnes xsis T TRadiginteell-like
for inducing differentiation.from monocytes into, dendriti lI-like .cells

cells, hERTITTS P AT ELIEUNS MSAGsiEs dra SUAH B o Eibeytes.

(a) a )6 RORBLIAIAGHYRALIRG, GANEEIITURLIID: YWIYGH GATSRISES 196 a8, agtive

ingredient, the following REIC protein: (a) a protein consisting of the
(b) a AONG acithegyentanshomo it BEQUIRNO d2rieefojraprbteminnsisting:quence
of an amino acid sequence derived from the amino acid sequence shown

showris BEYDINGY O by suibstbstionieelctidelion-adtitdfiBpbrid orhetemore amino

. minQg. acid(s) and haying_the, activity.of inducing differentiation from .
acid o A N SRR P THE b Tor HOHVANG T i
cell-1i@MYNity according to [3], wherein the monocytes are peripheral blood

monocytes. [5] A pharmaceutical composition for cancer therapy or
2] pratentigenbdvininthe effe diffoft activatingfeancerdammuaiynwhibhdritic cell-like
comprises the agent for activating cancer immunity according to [3] or [4].
cells agyoading énd fdr MarTeIRg tBRIEAIDh O REFRIMIE) ltle HdtengBpelYiss.
cell-like cells,.which.comprises, as an active ingredient, the followin .
51 R R (DR RSP et ie Q4B Bigian s active
ingrediPnN @il iQIdRENCeiab hybridizes under stringent conditions to DNA

consisting of a nucleotide sequence complementary to the nucleotide
(a) a psegueroesSkonndh tSEQIDNRIJ segherecdesya prdiéi) BV :theor
activity of inducing differentiation from monocytes into dendritic cell-like
(b) a prgiRinoPHHE Ligeht Fr ARUBLIAG LifRTRTRERIBR S Fioh dRy g itracid sequence

Showndﬁtp%@kﬁ ?ﬂ"&k‘é? é by substitution, deletion, or addition of one or more amino
acid(s) and having the activity of inducing differentiation from monocytes into dendritic
celi-like cells.

(4] The agent for activating cancer immunity according to [3], wherein the
monocytes are peripheral blood monocytes.

[5] A pharmaceutical composition for cancer therapy or prevention having the effect
of activating cancer immunity, which comprises the agent for activating cancer immunity
according to [3] or [4].

[6] An agent for inducing differenfiation from monocytes into dendritic cell-like
cells, which comprises, as an active ingredient, the following REIC DNA.:

(a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: I; or

(b) DNA that hybridizes under stringent conditions to DNA consisting of a nucleotide
sequence complementary to the nucleotide sequence shown in SEQ ID NO: 1 and
encodes a protein having the activity of inducing differentiation from monocytes into
dendritic cell-like cells.

7] The agent for inducing differentiation from monocytes into dendritic cell-like



cells according to [6], wherein the monocytes are peripheral blood
monocytes. [8] An agent for activating cancer immunity, which comprises,
as an active ingredient, the following REIC DNA: (a) DNA consisting of
the nucleotide sequence shown in SEQ ID NO: 1; or (b) DNA that
hybridizes under stringent conditions to DNA consisting of a nucleotide

cells agegidined e dfdplahsaptaditonredtrscia@eephemtd SHsWRIRSESSID

g NQ: 1 and te?codesta tr.otein having the ac%ivity (ﬁf.ifg}luci%qlifferentiation "
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ingre GANCERIMIMSNR 2GEOTEINgNG [8], wherein the monocytes are peripheral
blood monocytes. [10] A pharmaceutical composition for cancer therapy or

(a) DNreventienrpavingdha effe dd of eptivatinghcancar BRQUAH Whickr
comprises the agent for activating cancer immunity according to [8] or [9].
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seduer e o e R BTy SN arIRHl O e autRecigs 1 and
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stringent conditions to DNA consisting of a nucleotide sequence
dendricienopletientadysto the nucleotide sequence shown in SEQ ID NO: 1 and
encodes a protein having the activity of inducing differentiation from

(91 mdkScpeinté dersdiiéiBel S B YEn IR BEIL ke Carang1 2P TRl ageherein the

mono(@n e%céiln de!fge egtipgﬁonog%[in man ecf'ytes into dendritic cell-like cells.
Accor mB trop[h T wherein the vector is an adenovirus vector. [13] The

[10] ag@%&ﬁﬂﬁ%@i&@ﬂﬁﬁfﬁ&ﬂ%@ﬁfﬁpé&m&f@ﬂ%iB%%P@F&%ﬁﬁ@%lriﬁgthe effect
cells according to [11] or [12], wherein the monocytes are peripheral blood

of actimonuryeser| bajAmagent:foh activatisg tanegeimfnuniti comprismggrasmunity
an active ingredient, a vector containing the following REIC DNA: (a)

accordmg A% BHsREHT: of the nucleotide sequence shown in SEQ ID NO: 1 or (b)

[1] E%%e EX%QRYPJPE%(HHQe&i%%reipe%‘%&ttfo%”?JE!B{‘%&Sn'BMeS%%i?tH&é’rfiéc cell-like
cells, which comprises, as an active ingredient, a vector containing the following REIC
DNA:

(a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1; or

(b) DNA that hybridizes under stringent conditions to DNA consisting of a nucleotide
sequence complementary to the nucleotide sequence shown in SEQ ID NO: 1 and
encodes a protein having the activity of inducing differentiation from monocytes into
dendritic cells or dendritic cell-like cells.

[12] The agent for inducing differentiation from monocytes into dendritic cell-like
cells according to [11], wherein the vector is an adenovirus vector,

[13]  The agent for inducing differentiation from monocyies into dendritic cell-like
cells according to [11] or [12], wherein the monocytes are peripheral blood monocytes.
[14]  An agent for activating cancer immunity comprising, as an active ingredient, a
vector containing the following REIC DNA:

(a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1, or

(by DNA that hybridizes under stringent conditions to DNA consisting of a nucleotide



5 sequence complementary to the nucleotide sequence shown in SEQ ID

NO: I and encodes a protein having the activity of inducing differentiation

from monocytes into dendritic cells or dendritic cell-like cells. [15] The

agent for activating cancer immunity according to [14], wherein the

monocytes are peripheral blood monocytes. [16] The agent for activating
sequepgpcestimmmsinjaarcordihg 4P 6§l siawtmeinpenvéetdi®al? NO: 1 and

adenovirus vectar. [17] A pharmaceutical. compasition for cancer therapy
encods i QYR HAU o e bHEED of aEUVAIAG CANEEFHIHGRIL SRhigARocTtes into

dendrBoMRiges. the,agent for aglivating cancer immunity according to any one

of [14]. to [16]. [18] The pharmaceutical composition for cancer therapy or
[15] preventioriaving fod veffegt ofactivatinggancesdsuniniy fcaarmingigerein the
[17], wherein the vector is an adenovirus vector. [19] A method for
monofyiiciig BDpA ke rorseyrdsso differentiate into dendritic cell-like

cells, which comprises.culturing monoeytes collected from an anjmal i :
[16] g B8 s B e ST REIE BrOREO bl o b i Eonaidifgin the
vectoPkthE AN geidsequence shown in SEQ ID NO: 2; or (b) a protein
consisting of an amino acid sequence derived from the amino acid
[17] segusingenSRaweaincShROHR MO byrsubstituiion cdeiefion onhagdditign bt offect
one or more amino acid(s) and having the activity of inducing ‘ _
of actififfePariiaseh HORABROCYIES tateritirdritie agsiiker csli/R0R Thecer immunity

ethod accordi [19] erein the monocytes are peripheral blood
accor%%’e?f?é’s?’ffﬁqgi%mﬂigzl\::gill-like differentiqted cells, which have befen
(18] indygediodifferentiate. e m@&@%&e%&%%\fafﬁ&gw% Fﬁﬁ%m}?'ﬂmng the
the method according to [19] or [20]. [22] The dendritic cell-like
effect differentiatddcelisaocarding oy 244 widicly are Ho3itiveHarcGDlibe GGy is an

CD80, CD86, HLA-DR, and CD14 and negative for CDla. [23] The
adenoWgH 66 18EII-like differentiated cells according to [21], which are found to

[19] A method for inducing CD14 positive monocytes to differentiate into dendritic
cell-like cells, which comprises culturing monocytes collected from an animal in vitro in
the presence of the following REIC protein:

(a) a protein consisting of the amino acid sequence shown in SEQ ID NO: 2; or

(b} a protein consisting of an amino acid sequence derived from the amino acid sequence
shown in SEQ ID NO: 2 by substitution, deletion, or addition of one or more amino
acid(s) and having the activity of inducing differentiation from monocytes into dendritic
cell-like cells.

[20] The method according to [19], wherein the monocytes are peripheral blood
monocytes.

121}  Dendritic cell-like differentiated cells, which have been induced to differentiate
from monocytes activated by the REIC protein by the method according to [19] or [20].
[22] The dendritic cell-like differentiated cells according to [21], which are positive
for CD1le, CD40, CD80, CD86, HLA-DR, and CD14 and negative for CD1a.

[23] The dendritic cell-like differentiated cells according to [21], which are found to

express almost no CDla but express CD14 at a level greater than that expressed in



express almost no CDla but express CD14 at a level greater than that
expressed in 6 dendritic cells that have been induced from monocytes
with the use of GM-CSF and IL-4 when antigens on the cell surfaces are
analyzed by flow cytometry. This description includes part or all of the
contents as disclosed in the description and/or drawings of Japanese
dendrRatent]Appdichion iden 2008:0865%6, nadrichsisea votiotity decuhe ¢f $hieand 11.-4
present application. Brief Description of Drawings Fig. 1 shows an image
when jprfiestsPth e festlhs Wiire s Wabasdheid ePse  YBaH~d human REIC

prot%j isFing%ilé%ﬁg\évs %ﬁﬁ(e%ﬁ%ﬁféﬁ{}ﬁﬁ?sgﬁ F{iﬁ‘eir%%gﬁg’ni[rs]rj ig%gtciﬁgc}gged in the

induction o ritic e ion from periphera o]

descrim%k@%@@mmhﬁ%?dﬁtm&fest@@Mm@@pBﬁégﬁr&ptem-iﬁgsm@smes, €ichisa
ST

percentage of all cells represented by dendritic cell-like cells induced to
priorigifferantiate withtherexditioppbifctiehuman REIC protein. Fig. 4 shows

images indicating the induction of dendritic cell-like differentiation from

peripheral blood monocytes (CD14 positive cells) with the addition of the

Brief B%rsr%%n ﬁoEnI% r%evivansig. 5 shows images indicating STAT (signal
fransducer and activator transcription) activation of peripheral blood

monagytesywityshamageition fhthaRumee Rl ROWIREHY- B SBANSIs of the

the results of flow cytometry analysis of dendritic cell-like cells induced to
purifiglifferevatialdWitptheeaddition of the human REIC protein. Fig. 6B shows

the results of flow eytometry analysis of dendrijtic cell-like cells induced to

differéhtiate WP (RESAAGH BT 1R HINTAR RETEBFoT #agne Shipvduction of
dendrfRIPEHMARIALPRICEA A tat marah S NURYRR 0L NES MR & ElGtion of

protein. Fig. 8A shows tumor gro inhibitory effects (time-dependent
the hughanBEI Mptyrepr. volume) observed after intratumoral administration of
the human REIC protein.

Fig. 3 shows the percentage of all cells represented by dendritic cell-like cells
induced to differentiate with the addition of the human REIC protein.

Fig. 4 shows images indicating the induction of dendritic cell-like
differentiation from peripheral blood monocytes (CD14 positive cells) with the addition
of the human REIC protein.

Fig. 5 shows images indicating STAT (signal transducer and activator
franscription) activation of peripheral blood monocytes with the addition of the human
REIC protein.

Fig. 6A shows the results of flow cytometry analysis of dendritic cell-like cells
induced to differentiate with the addition of the human REIC protein.

Fig. 6B shows the results of flow cytometry analysis of dendritic cell-like cells
induced to differentiate with the addition of the human REIC protein.

Fig. 7 shows experimental protocols of infratumoral administration of the
human REIC protein.

Fig. 8A shows tumor growth inhibitory effects (time-dependent changes in

tumor volume) observed after intratumoral administration of the human REIC protein.

Fig. 8B shows tumor growth inhibitory effects (based on tumor weight)



Fig. 8B shows tumor growth inhibitory effects (based on tumor weight) 7
observed after intratumoral administration of the human REIC protein. Fig.
8C shows tumor growth inhibitory effects (shown in tumor image)
observed after intratumoral administration of the human REIC protein. Fig.
9 shows elevation of anticancer immune activity as a result of intratumoral
obsergdhaifiistiationuof.thel hdmensREIGrprdtdin hEigai REHGWs thannduction of
dendritic cell-like differentiation from peripheral blood mononuclear cells
withftife it BF thePRim &P REN CRREtERTY FRETASHEW the ictivigost image)
inducing.an allo (allogenic) reaction with the use 4+ T.cells
R i e R Pl e

humag BE# RroteinBest Madas daeanning oxtdhainvention i ereatieiumoral
the present invention is described in detail. The agent for inducing

admingifferentiafidrefromandtbtytesoiia.dendritic cell-like cells, the agent for
activating cancer immunity, and the pharmaceutical composition for

canb&¥ thEPapoP prebenittrHomg thedetdeittr allalify diHsegntiation from

o ity ,of the nt.inventi omprise, as-an active i lent, REIC
peript L S A B
sequgnce ahBHIGHENAHSI S oW SRR 4P MNO (A1 dk-addition 488 amidthe use
acid sequence of the REIC protein encoded by REIC DNA is shown in
of CDS;E@ RINGIYmMphproten éncbaeliby-RECHNAcbrinedintine agénofopf the
inducing differentiation from monocytes into dendritic cell-like cells, the
human SEN-BFUEHVating cancer immunity, and the pharmaceutical composition
for cancer therapy or prevention having the effect of activating cancer
immunity of the present invention is a protein comprising the amino acid

Best Madpsefnea ihpyitein G lNRichor an amino acid sequence
substantially identical to the amino acid sequence shown in SEQ ID NO: 2

andaomitertiacpiRAep bitireRidmy sidksaiirdion dedml monocytes into

denfiﬁift:i%geellllgl'_e? ﬁ%ll?éing differentiation from monocytes into dendritic cell-like
cells, the agent for activating cancer immunity, and the pharmaceutical lcomposition for
cancer therapy or prevention having the effect of activating cancer immunity of the
present invention comprise, as an active ingredient, REIC DNA or the REIC protein
encoded by such DNA.

The nucleotide sequence of REIC DNA is shown in SEQ ID NO: 1. In
addition, the amino acid sequence of the REIC protein encoded by REIC DNA is shown
in SEQ ID NO: 2.

A protein encoded by REIC DNA contained in the agent for inducing
differentiation from monocytes into dendritic cell-like cells, the agent for activating
cancer immunity, and the pharmaceutical composition for cancer therapy or prevention
having the effect of activating cancer immunity of the present invention is a protein
comprising the amino acid sequence shown in SEQ ID NO: 2 or an amino acid sequence
substantially identical to the amino acid sequence shown in SEQ ID NO: 2 and having
the activity of inducing differentiation from monocytes into dendritic cell-like cells.

Herein, such substantially identical amino acid sequence includes an amino acid



Herein, such substantially identical amino acid sequence includes an
amino acid 8 sequence derived from the above amino acid sequence by
substitution, deletion and/or addition of one or more (1 to 10, preferably 1
to 5, and more preferably 1 or 2) amino acid(s) or an amino acid
sequence having at least 85%, preferably 90% or higher, further

sequeppefdrabigddoerarthigheryarfdnpastiacidrie prefaably s7ogisriighelelction and/or

TSSO D SO SEETEE i S SR R, i
acid(sggepg?lr 5%1%0&9&:?&[493?1@9 %*A%@"Mé@?t $se, 0 ré%l%%%”%% g?fﬁilélﬁer, further

.e., initial) parameters). A protein encoded by REIC DNA can be

preferablaingth by chelmicahdymihesisabaspe:fornthie setuentl: infordeation ©f the above
SEQ ID NO: 1 or SEQ ID NO: 2. In addition, it can be obtained in the form

aminoofieifecomilsitrnt RERD protsils by gderrénendive siag pdehmbueS TR (e, Local

. it can also be_obtained accordin the descriptjons in 01/038523.
AR B nd R T 8 B ALt IR MBFTORT (ih the use
of, foﬂ‘é%:?ﬁ%?%éﬂglgﬁ@[iﬂﬁt‘?ﬁﬂ'ﬂgﬁaﬁ%l\%r%‘? agent for activating cancer

immunity, and the pharmaceutical composition for cancer therapy or
prevemptiotehaying dbé eif¢dt il astivatingbearicatisdmynityeafithd pregenis based -
invention is DNA that encodes a protein having the activity of inducing

on thegifighepEatBIPRB At Aonbeies At deddrrie eBlIlika! @ells. SuciBilipnisit can be

._selected from among the followin mples: DNA that hybridizes. un%er .
obtaing(l A SRl (5 BRAHAUING 3 UL ICBUe SeR R BRI En P21

Furthed@ {h€a:0 H@@%@@b%@%@ %%oﬁﬁ%‘tﬂ‘t%@:é@ri’ﬂ@érﬂs; BNAGIRVIRG §2§‘?35t
85% or higher, preferably 90% or higher, more preferably 95% or higher,

andigariculady qnete rallyn 979/ gettighendentity thfthecntietémtidem monocytes
3 sequence shown in SEQ ID NO: 1, which is calculated using, for
into Hre, eatlkbie (st Ll 28rgHmicrt Selivahinbotpatthe NaHSH) and the

Center fPr Biological In(l;Prmation gwg}lh the use of{for e(xam@llagvi%efatlflllé (.ié%’éct of

harmacauﬁ cal composition I cance eT 01 CYCILION
P |n|t|as parameters); an DNA that encodes a prg ein comprising an amin

activa@gll sgauengandelivedirene the-aeninenacisiseduenee Of the Rigéetts a protein
~encoded by the aforementioned DNA by substitution, deletion and/or
havingaduitiaetiofionefomterang thffQeprafdrablydto Boandyiesreprederalniyic ocll-like

cells. 25N R g e S Torerred 19 es: DNA that hybridizes
under stringent conditions to DNA having a nucleotide sequence complementary to the
nucleotide sequence shown in SEQ ID NO: I; DNA having at least 85% or higher,
preferably 90% or higher, more preferably 95% or higher, and particularly preferably
97% or higher identity to the nucleotide sequence shown in SEQ ID NO: 1, which is
calculated using, for example, BLAST (Basic Local Alignment Search Tool) at the
National Center for Biological Information (with the use of, for example, default (i.e.,
initial) parameters); and DNA that encodes a protein comprising an amino acid sequence
derived from the amino acid sequence of the protein encoded by the aforementioned
DNA by substitution, deletion and/or addition of one or more (1 to 10, preferably 1 to 5,
and more preferably 1 or 2) amino acid(s). Under “stringent conditions” referred to
herein, for example, hybridization is carried out with 1X SSC, 0.1% SDS, and 37°C.

Under more stringent conditions, it is carried out with 0.5X SSC, 0.1% SDS, and 42°C,



herein, for example, hybridization is carried out with IX SSC, 0.1% SDS,
and 37C. Under more stringent conditions, it is carried out with 0.5X SSC,
0.1% SDS, and 42C. 9 Under further stringent conditions, it is carried out
with 0.2X SSC, 0.1% SDS, and 65C. Further, REIC DNA contained in the
agent for inducing differentiation from monocytes into dendritic cell-like

Undercirghenstaigentoadivating cirearisdrmuhity iafd the Phatrh&csltivatnd 65°C.
Furn ORAASIISN for cancer herapy or preventan havinghe elfeet of o 1onocytes

at iva%t)lng cancer immunity present inventron IS

into dBEARIALEIRA00MN REQUD NG The eXRIgs3ION cAGtMtY fiRAYGINGind the

differentiation from monocytes into dendritic cell-like cells" used herein .
pharmefart dol activiyotidt catises menocyiesity diffgrentiatédnthaendritibe effect of
_ cell-like cells. It is possible to detect whether or not the addition of the ]
activaiEg CHIREI BRI rPih & BURBH oR RAERIhiatSN fhtbefeppipRiées the protein

Ce”siili( ¢ lIs. based on morphological characteristics and the presence of
shown in @ A g g )
surface antigens. Specifically, such dendritic cell-like cells are

mor’Pﬁ‘@|%ﬁ§§£¥i§ﬁa”%ﬁ‘?{f@?doPyiﬂlaﬁiéiggng[%?cﬁt%ﬁnﬁ”%ﬁ?ﬂﬂﬂﬂ%cytes into
cell-like cells are characterized in that they are found to be positive for
dendridendritleldedl mElkerssuthhaseGD Hefe@GD40, £HI8NyCDA6, eandcHLADR ytes to

which are surface antigens, by flow cytometry analysis. REIC DNA can be

differegbyaimdinotanianreBnba Rt isSugsperuiaike Balssd whether or not the
additisiy %l%en%eﬁrgf) ﬁﬁ(‘)?ﬁr:l 19fr§s% .sl Qn%%%@%%%%‘é‘%? ’étuﬁr? neg’gﬁ?%tg Irill?t% Ipendritic

accordance with'the descriptions in er, the presen
cell-lilRVeBligNtRsdes aeRian RATRNISHN REHE SIRIA ahhe (NECIREPRYDB( surface
introduced into a subject in order to express the REIC protein in the body
antigenf. theé pedijectindsoxhildittbe effects bkindeldingr diffengritidtigiv fmc haracterized
maonocytes into dendritic cell-like cells, effects of activating cancer

by theihiifiE nd diBcis'oh (EATHY OF Hrblkeritill G crrlsHH dhethat they are
found ?gﬁ%ﬁ&fl%gvﬁ?r&ﬁéﬂﬁ?é@?f@ﬁﬁt&%&%ﬂ‘éﬂ%& RY:, %Bﬁ%??ﬁ?@& CD86, and

can be introduced into a subject in accordance with a’conventiona
HLA-IeGhwigui. dexamples ofteehsjquesdeor sywadvaingalgene into a subject

include a method involving the use of a virus vector and a method

REIC DNA can be obtained from human cells, human tissues, or the like based
on the sequence information of SEQ ID NO: 1. In addition, it can be obtained in
accordance with the descriptions in WO01/038523.

Further, the present invention includes a vector comprising REIC DNA. The
vector may be introduced into a subject in order to express the REIC protein in the body
of the subject and exhibit the effects of inducing differentiation from monocytes into
dendritic cell-like cells, effects of activating cancer immunity, and effects of treating or
preventing cancer based on the effects of activating cancer immunity.

In gene therapy, a target gene (DNA) can be introduced into a subject in
accordance with a conventional technique. Examples of techniques for introducing a
gene into a subject include a method involving the use of a virus vector and a method
mvolving the use of a non-virus vector. Various techniques are known (Bessatsu

Jikken-Igaku (Separate volume, Experimental Medicine), Idenshi-Chiryo-No-Kisogijutsu
(Basic Techniques for Gene Therapy), Yodosha Co., Ltd., 1996; Bessaisu Jikken Igaku
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involving the use of a non-virus vector. Various techniques are known

(Bessatsu Jikken-lgaku (Separate volume, Experimental Medicine),

Idenshi-Chiryo-No-Kisogijutsu (Basic Techniques for Gene Therapy),

Yodosha Co., Ltd., 1996; Bessatsu Jikken Igaku 10 (Separate volume,

Experimental Medicine), Idenshi donyu & hatsugen kaisekijikken-hou
(Sepa(BEseerimentdiigreofgend ibfrdthictibnde eXprdssionaialysisyy Yodedhgitken-hou

Co,, Ltd., 1997; and the Japan Society of Gene Therap (e%# “ldenshi
(Expegiisy ¥amatd ERBARGGHEdIs0E (g ssnanssidisitedediharqde » Lid., 1997

and th%ej’ae}!%{?@g&te% 9f etréef%%¥g]i§r$/t%§£'f"]la%%g)iic?ggfr%s DIRING Sk S Sndbook

of VIfus vectors used for gene tion include an adenovirus vector,

(the IRMABENIOBSSELIRH VITHSIVEGAD RN &Y (EHRVIRS NBStoT NATtaTgeb @BNne

may be introduced into a cell by introducing a target gene into a DNA or

RNAR aprasssatty asxachpiexicateduetrentivus ptheddes yinusvMaedinidonrus;lude an

poxvirus, poliovirus, Sindbis virus, Sendai virus, SV40, or human
adenojyHimtHEEORcIRh AR RS TEANT I Sh o HfUAMG tha e WitFoyids vector. A target

gene %&f@%‘&%@ééﬁ%% When the goeggn -rféﬁx?c%{esa‘?'%%%%‘e’?%%g 'ﬁ}%sﬁdﬂf{f& or RNA
gene therapy USing a virus, an adenovirus vector s preferably used. An

virus, 3BRQAVIRISNEEIRhISIChaactRariZed iRthati (4) VheaniAWaeuCe Benak MSliovirus,
multiple types of cells; (2) it can efficiently introduce genes into cells at
SindbihevperiodSehgrowtirasresty 3) ittenablescomeentratiofiviencentifugafidiy), and
. fo yield high-titer viruses (10 to Il PFU/ml or more); and (4) it is suitable
infectipg ieethith PHFSHS SIS SIS cells in vivo. As adenovirus vectors

“%E%ﬁ?g%%%??%gé seﬁﬁ%@%g%@le{sﬁﬂ%‘d%?ggg}gé Ref e{lﬂ?&f virus, an

prepare Irst-generation adenovirus vect CKINng

adenote@ion Miyalkepor@hbly fsat. NaH. AkadyHas, 1ddof is IharkdriA990) that: (1)
‘ by deleting the E2 or E4 region in addition to the EI/E3 region (Lieber, A.
it can enabdyeVigoncy @189  tiglga:yh ufuetis H(2 Kaponeicisatin Igethice genes

ot %E{)ar., 0, 2013 999%&15@ the{gh' éﬁfne %ion adenovirus vector Iacll:i;ingt. ot
into gl &R 91 e HEBABHES geHom 5 T ELEET (HiwaR g eation to
yield ﬁgl@h@éi} \Jir\{&gg(l?@t@ %Q?Fﬁ@%%i Q@‘fﬁ&@ﬁ%rﬁ?YQQP?g sUieLBeRs: ¥itbe: gene
present invention can be introduced with the use of any of such
introdacemovirts tiacio ks listhout partiAdardimitetion eatthey the fdarod\ k¥ rapy, the
hybrid vector to which the capacity for incorporating the gene into the ]
secondy AN PR SSFIOMEEs vector prepared from the first-generation adenovirus
vector lacking the E1/E3 region (Miyake, S. et al., Proc. Natl. Acad. Sci., U.S.A., 93,
1320, 1996) by deleting the E2 or E4 region in addition to the E1/E3 region (Lieber, A.
et al., J. Virol., 70, 8944, 1996; Mizuguchi, H. & Kay, M. A., Hum. Gene Ther., 10, 2013,
1999) and the third-generation adenovirus vector lacking substantially all the adenovirus
genome (GUTLESS) (Steinwaerder, D. S., et al., J. Virol., 73, 9303, 1999) have been
developed. The gene of the present invention can be introduced with the use of any of
such adenovirus vectors without particular limitation. Further, the adeno-AAV hybrid
vector to which the capacity for incorporating the gene into the AAV chromosome has
been imparted (Recchia, A. et al., Proe. Natl. Acad. Sci., U.S.A., 96, 2615, 1999) or an
adenovirus vector capable of incorporating the gene into the chromosome with the use of

a transposon gene may be used, so that such vector can be applied to long-term gene

expression. Also, a peptide sequence exhibiting tissue-specific transferability to the H1
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been imparted (Recchia, A. et al., Proc. Natl. Acad. Sci., U.S.A., 96, 2615,
1999) or an adenovirus vector capable of incorporating the gene into the
chromosome with the use of a transposon gene may be used, so that
such vector can be applied to long-term gene expression. Also, a peptide
sequence exhibiting tissue-specific transferability to the HI 11 loop of the

loop dbnevicasibes fiay beinberedts inpannadis spesificitlicothe the adenovirus
adenovirus vector (Mizuguchi, H. & llayakawa, T,, Nippon Rinsho, 7,

vecton BYIZUe). Nodbrdimigits e Em@é‘?ﬁ‘?ﬁ%ﬂﬁ@& n wehoiiied-vector
COmPUSIAG R 6P eséﬁtcﬁxll%%ﬁ'g‘g; %’?bﬁéﬁ%ﬁﬁ&a@{&bfr g&%ﬁgﬁgﬁ}%ﬁﬁﬁc DNA

can be introduced into a cell or tissue using a recombinant expression
is callv@ctaiirRe Mmhich a gene expression vector, such as a plasmid vector, has
been incorporated, without the use of the above viruses. For example, a
gehdiomn teciitrdbitidettivit@ encellaabiipofeoime cdaloigne prdb phatissue using a
oprecipitation, a DEAE-dextrapn. method, or direct injection of DNA using

recom R NfBToGRISS By ALY, KM PeRBHIBifaRP Rk TSN Vb ¥ QP a5 & Plasmid

vectoﬂ,nﬁQEpﬁ’éé’ﬁe%ﬁ%pQr%%h‘ji%i%Sﬁ%ﬁﬁpl%egﬁ”%%nﬁ@o%c@%&%”%& example, a

internal liposome, gene’introduction using an electrostatic type liposome,

gene @methpgrogingtHihldipasamaaaimethaembushgaunopifisg eI ipesanieation, a
(i.e., the HVJ-AVE liposome method), a method using an HVJ-E
DEA Helovétapep sty orebisprormiadiated igPhetinaodactionceonidthodube.  Also, a
hich a particle gun is used t?ﬁintroduce D .moleculz in a cell with a
|

recompIpRR} RIS FAMCTT difetiCMETALRLIORSt hdikd B AChFgamEle. gene
introd AU ﬁgﬁ‘& Ugin glyéﬂgp§i£m%§19f %%%nﬁﬁ%oghc?ﬂﬁh GE G B¥ctrostatic type

expression vector can be used, provided that such vector can express the
liposotaegatigemne inive, BXdniplesoai suchvecionssing ude ek pres ST vaeissme (i.e.,
such as pCAGGS (Gene 108, 193-200, 1991), pBK-CMV, pcDNA3.1, and
the a3V (1Hvidesyen, sttiaent) el AR e @brdl KivEctimvelope)  vector,

comprising, REIC DN ay.adequately comprise a promoter or enhancer ‘
recep RO G The BURaL A SNEN i End foF L i Anfafo<d 1

introd S64CEHRA\ the Grlbimie which the gang: has hegrdntreducednand halike)INdirect
such a case, a known promoter can be used.

introduction of naked-DNA, or gene introduction using various types of polymers. In

such a case, any expression vector can be used, provided that such vector can express the

target gene in vivo. Examples of such vectors include expression vectors such as

pCAGGS (Gene 108, 193-200, 1991), pBK-CMV, pcDNA3.1, and pZeoSV (Invitrogen,

Stratagene), and pVAX1 vectors.

A vector comprising REIC DNA may adequately comprise a promoter or
enhancer for transcribing the gene, poly A signal, a marker gene for labeling and/or
selecting the cell into which the gene has been introduced, and the like. In such a case,
a known promoter can be used.

The vector comprising REIC DNA of the present invention may be introduced
into a subject by, for example, the in vivo method wherein a gene therapeutic agent is
directly introduced into the body or the ex vivo method wherein a given cell is extracted

from a human, a gene therapeutic agent is introduced into the cell ex vivo, and the cell is

then returned into the body (Nikkei Science, April 1994, pp. 20-45; Gekkan Yakuji, 36(1),
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The vector comprising REIC DNA of the present invention may be
introduced into a subject by, for example, the in vivo method wherein a
gene therapeutic agent is directly introduced into the body or the ex vivo
method wherein a given cell is extracted from a human, a gene
therapeutic agent is introduced into the cell ex vivo, and the cell is then

23-43 rdtiiPfted et dy (iikkeiStierte R p firpeom gL blagicekichi( 15), 1994;
Yakuyji, 36(1),. 12 23-48, 1994, Jik igak Extra volume,
the o S AT A ) LG e bl SRRy 6 ook, N. T

S, 193'@Frapy (ed.), Zdenshi chiryo kaihatsu kenkyu handbook, N. T. S., 1999).
Monocytes used in the present invention include peripheral blood-derived
mondeytesybones adairowhdefivegmaneeytas; Splendeyiesdehved blood-derived
monocytes, and umbilical cord blood-derived monocytes. Of these,

monoGEfHhetGNBloBEIHRY VRN  Hien degtec sies préfdpabie; i vsgecifienocytes, and

. t h.as CD14 iti llected f ivi )
b By 6 FET 308 10 cfor e 15 R Do derived
mono&RLIKE.GallS: SHED. MaROEYES-caR DR GBI RVUARFASS (VIIRRCRMnocytes

activated cell sorter), a flow cytometer, or the like with the use of the
are copirgseddecofi GDiknadadyindek idhe ahivyalisp8did€ thattisihe aiffiraftiate into
monocytes is not limited. Examples of animals that can be used include

dendrifiia fiphaldksuehltis MIER, FatEOGUIRE PRy HitHstars, fabisits TebsS dlyprescent

: ep, pi ovipes, horses, goats, mankeys,,and humans, Isolation of
st by Y ERGC B RS EAH ot g Ak RRCRos of CD 14

as an MelRed. Asanfifeb gailoweronatel, 80 HAGS VABRESBeRORt Timited.

Dickinson and Company), an FACS Calibur (Becton, Dickinson and
Examompanmynastiedikerchn beedsed]iMemooytieslsam e cultired hysaguinea pigs,
known technique for culturing human lymphoid cells. For a culture

hamstsh it for @xaripres, ST fowR BasBW M Yteh £82RPMPEETHANd humans.
. : ' t by addi iat
Isolati MY %?él%%i% %?gg%aﬁﬁ%ﬁ%wa%%?é@ﬁ%%e éﬁ%ﬁﬁdmn&fgp{ AR thod.

antibioti¢, anima or the tike to such base me i ure vessels

As an Wedhereinfre potdimited. Loy Giatha sy Jitakie plates:dishesnantompany),
flasks can be selected and used depending on the culture scale. The

an FA@reSahibimyEhtivannBlidese st derfopautiuring mdikscsradmwied in the

Monocytes can be cultured by a known technique for culturing human
lymphoid celis. For a culture solution, for example, a known base medium such as
RPMI1640 or DMEM can be used. Culfure may be carried out by adding an
appropriate antibiotic, animal serum, or the like to such base medium. Culture vessels
used herein are pot limited. Commercially available plates, dishes, and flasks can be
selected and used depending on the culture scale.

The present invention includes a method for culturing monocytes in vitro in the
presence of the REIC protein and inducing differentiation from monocytes into dendritic
cell-like ceils. In the method of the present invention, for example, culture may be
carried out using monocytes at a concentration of 10* to 107 cells/m] with the addition of
the REIC protein at a concentration of 1 to 20 ug/ml.

Dendritic cells play a very important role in the mechanisms of cancer

immunity, inflammation, and the like in the living body. Dendritic cell-like cells
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presence of the REIC protein and inducing differentiation from monocytes
into dendritic cell-like cells. In the method of the present invention, for
example, culture may be carried out using monocytes at a concentration
of 104 to 107 cells/ml with the addition of the REIC protein at a
concentration of 1 to 20 g/ml. Dendritic cells play a very important role in

mduc@ﬁe%é’éffﬁfﬁﬁﬁ@%fhﬁ”aﬁé‘ér{{ﬁ%WW%ﬁfW‘éﬁlﬂw tarijahedtkednahdhe present

li b d itic cell-lik lIs 1 dt dff ti by the RE]
inven AR ARSI R0 AR P B R T ARBREA € Tt T C-CSE
HoweMQrRPaleaically similar,ig.denddticigells induseel byttt st GMr&ahitic cells, and

However, to be exact, the dendritic cell-like cells differ from such dendritic
therefoedishanchrthareferei thdyi dredsebiviikdendritic detlieicelstiDkrdetits induced by
cell-like cells induced by the REIC protein are in dendritic forms. In

the REH&@@W%B@@H&@@ Ipkéeris ake péditiva fdhecladidiestehdikersells are

1lc, C DSO, CD86 | d,
posit i B e LU L 574D IS A tEoh BAd o e agine YILA-DR
In thid E‘&'Crﬁﬁllﬁ cﬁiﬂ‘ﬂ’ﬁﬁgrcéheﬂlér%é]@@F‘M@efgfeggxlﬁlﬁ’%}ﬁlfbﬁ @aﬂq{%d&ti‘émﬁed as

celfmarker, and positive for CD14, for which dendritic cells are generally
dendrisitppdéed tHbenegathes. incthe cade: dbindiidtignyfieh GDRIdkepdsitiveel]l marker,

monocgtes with stimulation with the REIC protein, it refers to "dendritic
and pesilikécdiffdrdfifeavbens daE e BRE ATRERDSTaH Dy PRORE & &Fof@u&aﬁve

(REfC %tlggstg% {.nog tes é r||t{p1c %egfhltlc cx%ll features %}, The. g}rDeii mulamn with

|nvent|0n encompasses ceﬁs |r{auce rom

the REE@'%%%I%”Q@YE@&RYt‘@e‘ﬁ%ﬁl&ﬁ&otﬁén 1Rendsitie.cati e callssobfainetle been

via induction by the REIC protein can be used for cancer immunotherapy.
activa@pegifital it Eomodyie 4 Rkd € elieoted dromna sylefeeti théembrioc yids aegures)."
cultured with the REIC protein, the dendritic cell-like cells are induced,

and the nRFS BBt e dendfRrOsuRRes @@%ﬁréa%e&eto%#&sw}@&?d from
CD14 %%ﬁu@' %95&'&%%%1 ‘éﬁi ﬁ?é'ﬁa%ggg%\é@?hcaggﬁgéﬁ?gc C@@ eS8 ned via

rpreventlon (0] e.Insu as proteln |n

inductégnarticeeliike gallscagt dan MORGANEEF-BpPREPREHGIDaNepANdRITically,
cancer immunotherapeutic effects. However, it is also possible to add a

monoggdptetypelspaedidrammer siftigeh dpormindoelitns cirderidiitic eiikethe REIC

proteilg,eH}Sé (I{ér? r?f!}lcogellpﬂﬁgec%ﬁse leenyrfduced and then the obtained dendritic cell-like
cells are returned to the subject. Thus, dendritic cell-like cells themselves can be used
for cancer therapy or prevention, or the like. In such case, the REIC protein-induced
dendritic cell-like cells act in a non-cancer-type-specific manner and exert cancer
immunotherapeutic effects. However, it 18 also possible to add a cancer-type specific
tumor antigen upon induction of dendritic cell-like cells. In addition, induced dendritic
cell-like cells can be cocultured with a specific tumor antigen. It becomes possible to
attack cancer cells in a tumor-specific manner by stimulating dendritic cell-like cells
with a cancer-type-specific tumor antigen. In addition, the REIC protein-induced
dendritic cell-like cells of the present invention have the ability to cause CD4”™ T cells to
proliferate, allowing the enhancement of anticancer immune activity for a subject.
Dendritic cell-like cells can be intradermally, subcutaneously, intravenously, or

intralymphaticaly administered.
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cell-like cells can be cocultured with a specific tumor antigen. It becomes
possible to attack cancer cells in a tumor-specific manner by stimulating
dendritic cell-like cells with a cancer-type-specific tumor antigen. In
addition, the REIC protein-induced dendritic cell-like cells of the present
invention have the ability to cause CD4* T cells to proliferate, allowing the
enhbh@dribintetintealica fifuethetgity torhe siBjcotobaidlitie activity such

ell-like cells ¢ sggcut?]% ous| intravenousI)(, or

io

an be intradermally,
that 5 RO BCR Slmisibier. 1 (R UGB HER ot Lonsote! el

differdBiDANG 2 Cyiokingqlike activitysuahHthabihg Breteid Rets A o8 I8iNc80ns in vivo

extracellular manner so as to control cell differentiation. Therefore, it is

in reldiglievedthatthiey R HC pfoteinavidely fUhaipons:iR¥LO protelation BINA encoding
immunity and inflammation. Thus, the REIC protein or DNA encoding the

the saginfaRAs HEREIHIEEE osaapjert a8 agcagdnt fodirdugingferentiation into

s BISSTIRIERNS, S cel ol 0 MCTIPRENIDAL o e
The RAeltlikg oS ihauRiefinAgaresulliine derdrfiic.celidikecellas 4 result, the

systematically activate lymphocytes having anticancer activity in the
dendrisighjeldt] es altligsiys the exdibivi an tof cangerphoetoe lefiéats aftieraberesctivity in

the REIC protein or DNA encoding the same can be used as an agent for
the subjasiatiigCHitcér thsrathilitetrtieraassedtnaue Elprbteinlihairdege. the REIC

de“d'fﬂs fge‘jjl-lik f:ellsdpeavse cancer 'gpgmu%gs effects, th%g%lg gégtein or

rotel T ne I ame <an a5 an 4dge O IVatlng cancer
PIOUHNA éncoding the Samé can be G8ed as' & pRanfacetitical Composition

immuri% CancetHBeraRy OmRraYaligm {8 ANaRE UIBHAQIEr_RNEYLS AARNHAVR cancer
such case, the REIC protein or DNA encoding the same may be

immurgdreffisteredialdiielUn phisccaser tid effects atmexHhibiteanie acan be used as a
non-cancer-type-specific manner. Alternatively, it may be administered

Phafmaﬁﬁlﬂ%%becmenﬂﬂﬂ&ﬁgnn&@ﬁ. IFEH a RSk Phe éﬁect%reglﬁ%’é’%xhﬁﬁ‘itecfam“
immuﬂgtﬁe(f%?ég féy&)ge?'é?lﬂ?c'?& Snanpgr. Examples 8&@@“&? Lis, reated QL came

prevented according to the present invention‘include cranial nerve tumor,
may Bkinganpektgasiriarancer, lung ¢aNCeiRPEPHIE QANGRE, are exhibited in a

lymphoma/leukemia, colon cancer, pancreatic cancer, anal/rectal cancer,
non-cancer-type-specific manner.  Alternatively, it may be administered with a specific
tumor antigen. In such a case, the effects can be exhibited in a cancer-type-specific
manner.

Examples of a cancer that is treated or prevented according to the present
invention include cranial nerve tumor, skin cancer, gastric cancer, lung cancer, hepatic
cancer, lymphoma/leukemia, colon cancer, pancreatic cancer, anal/rectal cancef,
esophageal cancer, uterine cancer, breast cancer, adrenal cancer, kidney cancer, renal
pelvic and ureteral cancer, bladder cancer, prostate cancer, urethral cancer, penile cancer,
testicular  cancer,  osteoma/osteosarcoma, leilomyoma, rhabdomyoma, and
mesoepithelioma. .In particular, breast cancer and bladder cancer are preferable.

The agent for inducing differentiation from monocytes into dendritic cell-like
cells, the agent for activating cancer immunity, and the pharmaceutical composition for

cancer therapy or prevention having the effect of activating cancer immunity of the

present invention comprises REIC DNA, a vector comprising the DNA, or protein
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esophageal cancer, uterine cancer, breast cancer, adrenal cancer, kidney
cancer, renal pelvic and ureteral cancer, bladder cancer, prostate cancer,
urethral cancer, penile cancer, testicular cancer, osteoma/osteosarcoma,
leiomyoma, rhabdomyoma, and mesoepithelioma. In particular, breast
cancer and bladder cancer are preferable. The agent for inducing

encodggkfayehsdadrifronfmoheeiee int dehortreeikikeausms, dHucagert fspipient.

actiyaling capger impunlty, A e, prarmaceulical compOsiion of i corike
cancerth rapy or preventon naving tne effect or activating cancer

cells, IEMUALY b Lhe rRrRaeNLINVeRtRMEAMPIises RE!IChRNA BRSO omposition for
comprising the DNA, or protein 15 encoded by the DNA, and a

canceiphiazmpgotagnaily acee tiablegcahker ffituenf, artbxcipientanthe mgenibity of the
inducing differentiation from monocytes into dendritic cell-like cells, the

preseng JEers GbtRatirks caBErFIvRsdN Y, And e prdrdatdfidaresmpbgsnics of

d fC}r cancer.th rapy or revepti n having the ef‘ffbelc of actiyatin cancer
0sage 10118, 111C (?]% Fadministra o6, SUCE as anlel, CaApSLe % m{ ebPowder, and
immunity of the presentinvention’can be administered In d variety

syrup; 30RPG& faks: E&ﬁ%@iﬁ%@&n@@&é{g%J%ﬁ‘ééti@ﬁ,%p?@ﬁﬂﬂ%@!@ﬁpﬁlg eye drop,

such as a tablet, capsule, granule, powder, and syrup; and parentera
nasal aehministdapiaichsuch as injection, drop, suppository, spray, eye drop,
nasal agent, and patch. The agent for inducing differentiation from

mon G/ S Htbod dRdrtie gl ke EHOME AR catEvaniydeanelije cell-like

cells, %H&%‘é’%‘t%fa%‘%é 19 !‘nagr?faa}?c%‘ﬂ%qar'n%%“&‘ O%éoﬂé‘?%;%%%%%%??%ﬁ‘%% osition for
prevéntion having the“effect of activatirig cancer immunity of the preSent

cancerlNYRION 6arpbe toRisal Y ASRYINBLE &t OF e X8INRIEN the SRINPASHRMEAN T the
he administered to a site of cancer via injection to provide the effects

presenthierenfiiPreferably topecalde ndofnstpredentioventiompls, itectethipioiaon can be
localized cancer region once or two or more times or it is directly. injected

adminj3iey ¢ R Al AhEBIIESTHA LY HPaaY tivetdir Hants d46tfictor
indycing diff [%HQ%%%H%‘}%Eﬁ%%}ﬁ%&%ﬁ&i%ﬂgrffg%&?dk!%‘?o Gl d cancer

agent for activating cancer immunity, and the pharmaceutical composition

regionfonceancar sher ayrotipreyention iamogthe;) etied! iaf achiyatingecenaast lesion so
immunity of the present invention comprises a carrier, a diluent, and an
as to spsAPigEiaL are generally used

The agent for inducing differentiation from monocytes into dendritic cell-like
cells, the agent for activating céncer immunity, and the pharmaceutical composition for
cancer therapy or prevention having the effect of activating cancer immunity of the
present invention comprises a carrier, a diluent, and an excipient that are generally used
in the drug manufacturing field. For example, lactose or magnesium stearate can be
used as a carrier or excipient of a tablet. Physiological saline, a glucose solution, or an
isotonic solution containing another adjuvant is used as an aqueous solution of an
injection. Such solution may be used in combination with an adequate solubilizer, such
as alcohol, a polyalcohol such as propylene glycol, or a nonionic surfactant. Sesame o1l,
soybean oil, or the like is used as an oily liquid, and, as a solubilizer, benzyl benzoate,
benzyl alcohol, or the like may be used in combination.

The dose varies depending on symptoms, age, body weight, and other

conditions. A dose of 0.001 mg to 100 mg may be administered at intervals of several
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in the drug manufacturing field. For example, lactose or magnesium

stearate can be used as a carrier or excipient of a tablet. Physiological

saline, a glucose solution, or an isotonic solution containing another

adjuvant is used as an aqueous solution of an injection. Such solution

may be used in combination with an adequate solubilizer, such as L
days, $5¥6HY) Y& Pty QIcEhEITSLEH AL ProByIeRE GRYS, B o HERidRIEARIEHgR NI ection,
or imr%gsa(gng I%il . C%&ynbean oil, or the like is used as an oily liquid, and, as a
SO u[blfi[zer,]%enzyl benzoate, benzyl alcohol, or the like may be used in

compipatiane ke Hese YAriesHIeRanding: aHBHANRIOMS A9 BOdYWeI to the

and other conditions. A dose of 0.001 mg to 100 mg may be administered
follovatintenmid of séenathliB dayscsevevahiverks ot Seveedl inorths via

hypodermic injection, intramuscular injection, or intravenous injection.
PreparpHahpd JERPTRDERTES M e &HEr efedeHbed in detail with reference to the

following examples althou?{l3 resent invention is not limited theretg.. .

Proat B o o I WS DS R IR Sosorbos

belowREIC protein was prepared in the manner described below. 1. A plasmid
encoding the full-length human REIC gene was introduced into CHO cells

1. vidglbctogoratiodinEhis, Gl8nes gapableof Btdblyzerpressingtodmand into CHO
REIC were established. The cells (107 cells in total) were cultured in_ a

cells Vi3 lGREPETHLN M 15460 SRR RIS FinFtsHREMHRELRE Y- were
estabh?n% .“roﬁﬂ%"'i@ﬁﬁ‘sfg? l%jnctél?s ‘foe%%gﬁg Qjég/oc Ql%‘gér e ﬁ%(gitlégmgree medium

erate shaking.’A CHO cell culture was collected by ceritrifugation at

(C5462,00Q mp0 tonbamingtes.oThen.-the:supeenakanswas! phiainsditllat 279hen the
supernatant was centrifuged at 4C at 15000 rpm for 40 minutes. 3. The

presengiusoblaired siperhavgak wiasifirared wgingshdk2z-m MitériftPogosiiture was
1 TPP, Trasadingen, Swiss%. %TALOSl R(Le?sin (#63550 Clont%%\

colleciCg B H00) tSTHPBY Tt R0 rSBM BGT cnf5ebER vollie) Was SRRBAES Wes

Obtaingae(%p.ernatant (IL).

2. The supernatant was centrifuged at 4°C at 15000 rpm for 40 minutes.

3. The thus obtained supernatant was filtrated using a 0.22-pm filter (TP99505,

TPP, Trasadingen, Swiss).

4. TALON Resin (#635501 Clontech Laboratories) (3 ml of TALON resin per unit

of bed volume) was added to the supernatant (1L).

5. The resultant was moderately rotated overnight at 4°C,

6. Centrifugation was performed at 4°C at 700 g for 5 minutes to collect TALON
resin.

7. The supernatant was removed.

8. TALON Resin was washed with 40 ml of a washing buffer (50 ml sodium

phosphate, 600 mM NaCl).

9. Centrifugation was performed at 4°C at 700 g for 5 minutes.
10. The supernatant was removed.
1. Steps 8 to 10 above were repeated three times.

12, TALON Resin and a washing buffer (15 ml) were added thereto for

17



5. The resultant was moderately rotated overnight at 4C. 6. Centrifugation
was performed at 4C at 700 g for 5 minutes to collect TALON resin. 7.
The supernatant was removed. 8. TALON Resin was washed with 40 m|
of a washing buffer (50 ml sodium phosphate, 600 mM NacCl). 9.
‘ Centrifugation was performed at 4C at 700 g for 5 minutes. 10. The
resuspssErAatant was removed. 11. Steps 8 to 10 above were repeated three

: ti ALON, Resi d hing buffer (15 ml) were added thereto
13. fgfﬁf%%ﬁ%&%ﬂ i ﬁ?ﬂ%??ﬂ@év@é@%%@ B%%%r%ﬂéﬁ ThEPLEBH
14. 1o g, 0@y flowealymnh4An gitionbuifer (rmbaas added 9. thers_aoped

column for elution of an HIS-tagged protein. Then, a human REIC protein

proteiwas Tiodecietlhon Riel €lyate:-was shalydest¢ging 20 mM Tris-HCI (pH 7.5)
and 0.1 M NaCl so that the resultant could be subjected to FPLC (Fast
15 proberslugisiavenforhetodraphy )24 6:Nhe uhigh REIC Preteidway NaCl so that

R e S A
6. 750 LMNAGIENOBOIELE: AR TR WS A BN s, G

Flow rate: 1 ml/minute Flow amount: 70 ml Fraction size: 1™ m .

HealtHeracliandsvehe analiized HyeStHF¥sloand western blot with the use of
an anti-human REIC antibody. The final product was confirmed by
Buffersps-PAGE to have a purity of 95% or greater (fig. 1). 18. An appropriate

MonolJATHEN W3S MG 1101, pit 7.5, 0.1 M NaCl

MonoQ buffer B: 20 mm Tris-HCI, pH 7.5, 0.5 M Na(l

Flow rate: I ml/minute

Flow amount: 70 ml

Fraction size: 1 ml

17. Fractions were analyzed by SDS-PAGE and western blot with the use of an
anti-human REIC antibody. The final product was confirmed by SDS-PAGE to have a

purity of 95% or greater (fig. 1).

18. An appropriate fraction was collected.

19. Dialysis was conducted with PBS. The resultant was used or stored as a stock
solution.

20. Centriplus YM-50 (#4423, milipore) was used to concentrate the resultant.

21. The protein concentration was determined by Bradford's method.

22. The protein stock solution was preserved at —80°C before use.

Preparation of human monocytes

Human PBMCs (peripherai blood monocytes) were prepared from the blood of
healthy donors by a standard method involving Ficoll-Paque centrifugation. The cell
collection rate was determined by the trypan blue exclusion method. The survival rate
was confirmed to be 99% or greater. For preparation of monocytes, PBMCs were

resuspended in LGM-3 (serum-free fymphocyte growth medium-3; Lonza). The cells
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19. Dialysis was conducted with PBS. The resultant was used or stored as
a stock solution. 20. Centriplus YM-50 (#4423, milipore) was used to
concentrate the resultant. 21. The protein concentration was determined
by Bradford's method. 22. The protein stock solution was preserved at
-80C before use. Preparation of human monocytes Human PBMCs

adherifp tipaaréisitlo stsih dRTTyrs) we e prepared frem Ahetbibisl of 3Heaitiy 2 hours)

donors by a standard method involving Ficoll-Paque centrifugation. The ,
were ) EoRRHAH 5o wis GERBAREL ) thec g Lan B KR SGH nistgied vsing

cD14 7 e sHEYal Jgig WS SPUlMES 18 883K gl\/%?éé‘?rhﬁ?{ef?{z‘?@ﬂ{@é?” Oburified

monocytes, PBMCs were resuspended in LGM-3 (serum-frée lymphocyte
CD140rawibonedivward;rkonzah ddiei eals M & adheting Woavplassie lish the purity was

(subjected to incubation in a 10-cm dish at 37C for 2 hours) were used as
alwaysrietiseyie sXreedhe experiments, CD 14+ monocytes were separated

using .CD14+ magnetjc-activated cell sorting microbeads (MACS;
Treatmgpd 00 ISR IBIGEE® CDW monocytes were resuspended in LGM-3.

Using; o CHIometnyy e PHEY.Was il?l\fY%)’%)@m&otﬁx@ﬁ@‘iie%g%binant human

Treatment of human monocytes PBMCs were cultured alone or in the

REIC pressinad 0fiihargcanbivians Aumdn 4RE K proteir K1 QR g/mIF orteaMICSTEie cells
IL-4 (2 ng/ml each; R&D Systems). The cells were observed with a phase
were ahsatrast Yidrgselpe FgtrasshBivEprRiXe contrast microscopic images (for

Da? 0, % a]?nd 7) of PBMC cu{ltured alone or.in the p(ﬁﬁs ce of.th d7) of
recomSbifant AR REIC ProEinibr SEESE R4, (19%id% Soaneis ¢ 7) ©
PBM@@W&P&NE&HQMﬁE‘Ftﬁ@Wﬁ%Q&% tef%@rﬂ%r&&@iﬁ%}ﬁgﬁﬂ&%ﬁf@dpp%in or
rectangle in the image showing protein-free culture (Day 0), that in the
GM-CidkagelEhbwirg digture jrathb plesencenahthei RE|C @rateire{Payd 7y andenlarged

) that in the image showing culture in the presence of GM-CSF + IL-4 (Da
image pf peddsdedvbile A tansleiiniRd MgesesinviheecREESHIT T RIBNRCEARE Y. that

in the %ﬁ%ﬁﬁ?@ éﬁ%%%@%ﬁergﬁgﬁéhﬁe%%% PERRR S s eRatiop 9t9,dendniiG: in the
image showing culture in the presence of GM-CSF + 1L-4 (Day 7), respectively. As
shown in the figure, in the case in which PBMCs were cultured in the presence of the
REIC protein, differentiation into dendritic cell-like cells was observed.

The percentage of all cells represented by dendritic cell-like cells was
determined for each culture on Day 7.  The percentage of all cells represented by
dendritic cell-like cells induced to differentiafe with the addition of a human REIC
protein was determined as described below. Specifically, in 3 independent experiments,
5 randomly selected visual fields (100 cells each) for each group (the protein-free (-)
group, the human REIC protein group, and the IL-4+GM-CSF group) were visually
observed and dendritic cell-like cells (which were morphologically large and confirmed
to have dendrites) were counted under a microscope on Day 7 after administration. Fig.
3 shows the results. Dendritic cell-like cells accounted for several percent in the case
of culture of PBMCs alone. However, the cells accounted for approximately 40% in the

case of culture in the presence of the REIC protein, and the cells accounted for

approximately 60% in the case of culture in the presence of GM-CSF + IL-4. In
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The percentage of all cells represented by dendritic cell-like cells was
determined for each culture on Day 7. The percentage of all cells
represented by dendritic cell-like cells induced to differentiate with the
addition of a human REIC protein was determined as described below.
Specifically, in 3 independent experiments, 5 randomly selected visual

additiiplddeqibiticens|bdids) r@lléaiﬂdgqa@@upboth@tprliﬂélﬁ-frefeteip g¥etip nkephologically
human REIC teln -CSF group) were visually
Slmﬂa{)ﬁ)%éi?fé‘?f%ﬁ(}%@%‘?ﬁ IIbPI’k%%ﬁe‘sS Elcl’i ere morphologically large
and eprfirmefs to,have 9«%‘3@5‘?%"\6%'1% couted I HNdar MUCEPSEORE Flsence of

Day 7 after administration. Fig. 3 shows the results. Dendritic cell-like

the re€alidreeo bied A SEYeialipercentdmihercese oot et PEMCH -4 (2 ng/ml
alone. However, the cells accounted for approximately 40% in the case of

cach). cul@iﬁ@ﬁn\ﬂq&epr@ém@iowﬁé RE rbgseoteimtead theccesioaecouragisral blood
roxim 60% in the case of.culture in the pr e of GM-CSFE +

om0 38 B, SRR sl e BERE Sanes LISEAE profBirorder to

detemﬂi’%e\m%}ﬁ)ugl‘f@%@é’ 1§HHUQEI%Qﬁ%péﬁﬁ?élsiﬂ@g%‘ﬁq}ﬂc%ﬁ% 'Eelf-}s it was

CD14+ cells and CD14 negative cells were cultured alone or in the

attempedsencel ofc thentrtoenddnaink & dfgnenRizl Coprotein (IDY/MpewifiOegtmhpoytes and
GM-CSF + IL-4 (2 ng/ml each). Cells were observed with a phase
from Q@Hﬁd&%ﬁi&?éé&éﬁ@@@??ﬁh@réﬁ%lBw@ﬁi@n‘éﬂ emmeé@wélmﬁ@%@%@@@@d@l 4

f t d t h cell
iSRS IR RS RGOS 6 I RIS Y
the remﬁc%ﬂmﬂig’&ﬁewK?eﬂéﬁﬁ%nE'@ltl'Qﬁc@%@gﬂﬁaﬂ%‘t%rﬂ‘%@?ﬁe%ells As

and from CD14 negative lymphocytes in the presence of commercially
shownavaildlge dntiHeD hdlhantithodyFcoampdgate dcbdadkewidhithe aidalition oftherbserved

human REIC&Rtem Fig. 4 shows the results of induction of dendritic
excluspelyideatherehitido oI CIoTesEels. AS hoWn iR fiee Alaneiibsctigrber of

cells 1ndge;%j r{tIC&: %Pell‘!::kn 1%@6{(991'“6%%8@ A58 ?n%vgxg %%%%Xe rﬁfot.rl’lle ?%‘4 REIC
posituve monocytes S snown In the |gure the number o1 cells In UCG

proteifOdiffeqentiate ingreasedige pendinoran the gaegentationtithe REIE effects of
protein added. Accordingly, the human REIC protein was found to have

inducieffedendfitindocihlidentfificadiptica differe meatigrefadnbloexpharabbises] (CD14
positivﬂonoﬁy g%sdl(t(fjoDnlthe effects were exhibited in a dose-dependent manner.
Western blot analysis

PBMCs were treated with the human REIC protein (10 ug/ml) or GM-CSF +
IL-4 (2 ng/ml each) and then washed twice with phosphate buffered saline (PBS). The
cells were lysed in a cell lysis buffer (50 mM HEPES (pH 7.4), 250 mM NaCl, 1%
NP-40, 1 M DTT, 1 mM PMSF, 5 pg/ml aprotinin, 2 mM Na;VOy4, I mM NaF, and 10
mM B-GP) for protein extraction, followed by centrifugation. Thereafter, the protein in
the supernatant was adjusted to an identical concentration for each experiment. The
resultant was diluted with an equivalent amount of a 2 x SDS sample buffer and heated
at 95°C for 5 minutes. The sample (protein: 10 pg) was applied to 7.5% SDS-PAGE
gel, followed by electroblotting on a polyvinylidine fluorodide (PVDF) membrane.

Electroblotting was carried out at room temperature for 1 hour with the use of TBS

containing a 10% skimmed milk powder, 6% Glycine, and 0.1% Tween-20. The protein

20



positive). In addition, the effects were exhibited in a dose-dependent
manner. Western blot analysis PBMCs were treated with the human REIC
protein (10 g/ml) or GM-CSF + IL-4 (2 ng/ml each) and then washed twice
with phosphate buffered saline (PBS). The cells were lysed in a cell lysis
_buffer (50 mM IIEPES (pH 7.4), 250 mM NaCl, 1% NP-40, 1 mM DTT, 1

was idgpiiBRASEsinH g/ AProtdini iatmiEy ool ye el Nt -Brenao RERE antibody

P-GP) f in extracti llowed, b trifugation. Thereafter, th
b R N eless Sl e Lo cipatlepapory ated
Stat] SREVEXPELMSDL,Theo [o3ulany %@%r@ﬂﬂ%dwgﬂn%@q%%ﬂiv%e@Bﬁ%%ﬁ}é@rylated

a 2'x SDS samplé buffer and heated at 95C for 5 minutes. The samp

Stat3 (fretEin) 10:gpuwds @salad,tai58 SSHPAGEogehkttallGnad bYry694) antibody
electroblotting on a polyvinylidine fluorodide (PVDF) membrane.

(#935 Blectdibtsting wiss caiiddrautatly dods tepmperminglid e hogewith e B8), the
. of containin 10% skimmed, milk powder, 6% Glycine, and 0.1%
obrain g B e S P P ST O o e e dy and

sufﬁciraa{yglqméé@zfi-twmam%bﬁ, ooy (haggud Fagial &@H{seﬁf% enhanced
2005 Nov 1; 65(21): 9617-22), an anti-phosphorylated éjtatl (Try701)

chemihmtibedy (#931ddtcCddnSigriatidg Tethnalegy}rsimanitiphaosphoBiatech).
Stat3 (Try705) antibody (#9131), and an anti-phosphorylated StatS
(Try%l@él)%;ﬁ]ﬁ%‘é’éfe(s#’é%ﬁ RO B M Mdsigskigh B entamprpnuclear

A ) ) ) )
cells ﬁri%ﬂ)t};\é\/?f dl%%rgr -I%Bi%) tﬁg %gtaiﬂfgjbl%gstﬁge %%tel%g%lggsgd expression of
orseradish peroxidase-bound Secon ar§/) antibody and ‘sufficiently

phospN6RshREMEthATT Eﬁygf,l|ﬁ&9mﬁ%@ﬁ®vﬂ09mﬁ%p¥rﬁ%ﬁﬂgﬂﬂﬁ%&d STAT-5

chemiluminescence detection method (ECL kit, Amersham Pharmacia
(Tyr) Bibteehy. wigy stishowSthesaliy ofeactivalibe of STaibingferiwhepadtoiosds thought
mononuclear cells with the addition of the human REIC protein, The

fo be interaRl xoPeRNeK o HHTSHHAHAGted 'STATIUPTSAY, phodprbRAaebiained by
the we%g‘rbh-rb%o(t-r%@tl?#ﬁs?&%%)gt%}r%%%%g t%%ﬁgé%%w)éﬁoqg'%?%gﬁy aaat O{Otinduce

ese proteins. e act such proteins Is‘thoug € Imporitan

hemociae himeeredifferentiatien clihadi Stpsgayi dha findingsiabiRinethOY 8381 of the
. western blot method strongly suggest that the REIC protein has the ability
action tof iHUBE [Repaotyte wiffere htidtiestiviatienr fledephe STa o sigwdfsrdd from that of

IL-4 —i—aggjlt-i%%'l}haedgg tte(gnpggigtri]\?e control dendritic cells. These results and the results
obtained by flow cytometry suggest that the addition of the REIC protein causes the
induction of dendritic cell-like cells differing from positive control dendritic cells.
Flow cytometry analysis

Cell culture was terminated with the addition of cold PBS and then cells were
cooled on ice for 10 minutes, followed by incubation. Subsequently, the cells were
resuspended using a Pasteur pipette and then recovered. Adhering cells were recovered
via trypsin treatment and mixed with floating cells. The cells (approximately 5x10°
cells) were incubated on ice for 60 minutes with the use of PE-conjugated antibodies
cach diluted 5-fold with PBS {100 ul). The PE-conjugated antibodies used herein were
CDlle (12-0116), CD14 (12-0149), CD1a (12-0019), CD40 (12-0409), CD80 (12-0809),
CD83 (12-0839), CD86 (12-0869), and HLA-DR (12-9956) (eBioscience).
- PE-conjugated immunoglobulins G (IgG) (12-4714, 12-4732) with the same isotype
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action of the REIC protein upon STAT activation (phosphorylation) differed
from that of IL-4 + GM-CSF added to positive -control dendritic cells.
These results and the results obtained by flow eytometry suggest that the
addition of the REIC protein causes the induction of dendritic cell-like
cells differing from positive control dendritic cells. Flow cytometry analysis
were \gefl ealnngeWes tentinatecd Vit theaaditionest leonerBS andlthaacceiidh 1 ml of

were cooled an ice for 10 minutes, followed by incybation. Subsequently, .
PBS ool e 18y i AL ing SUBSRHGER patls ST (IEH AR VRFASine an
FACS@QH%@@&@'EWI@C QE%B%I{M{%%%F%EW@& %nﬂaﬁ%?gs\’%nh the use of

floating cells. ells (approximately 5X105 cells) wére incubated on
CellQiestfen 60mnyBs withhek (ise 0f. P EAgonipgeted @ntibediess eachediuiet on the

5-fold with PBS (100 p1). The PE-conjugated antibodies used herein were
forward peaiée pagers srepiie (oAle1 49)sCOlh¢a2 ©019)cCDHUe {arndapg)de the gate

CD80 (12-0809), CD83 (12-0839), CD86 (12-0869), [ILA-
were {50845y (CBiotlnsa BB B INRIRORABEENSS G ipay vele ercete
than d2eATA AL TIRNNIRING SR SRR, 21IHEIER USEHER NEORIYCume sotype

controls. After’incubation, cells were washed once with 1 ml of PBS and
were desyspruadediostid:| afiRBSDoubsetivently, dddocelsbyere oolleetsidium iodide
using an FACSCalibur flow cytometer (Becton Dickinson), followed by

(PI) stapansie ity g {(gesetticentbuastesitivare (BettsnbickiRdonyimpg, more than

999 Oﬁ)@agpnate %a:te was made basggl on the forward scatter pattern specific

e Celts u(réirdl,t(())n )ai\fﬁés%éfﬂ‘sj ound inside the gate were analyzed. The

Endoc§ells €xhibitieg ayrran.fHerrscence index (MFI) value greater than that
exhibited by control cells incubated with a control antibody of the same

isotype abere delignatedrasopesitvendeitsuBiead célis weracemotash of 5 x 10°
based on Eﬁgidium iodide (PI) staining results and/or scatter

cells/mphigr QiSRS AR fesoigrpicsdmtigonioPettaaR 0994 6F dehid tietegma) was

added ft%“B%t?nﬁ‘%"fetﬁgré’ﬁ‘ée%'nsEQQ.o%%'%Ofe':r{tTg%'lf%Qeég éo%ré'r%'e%ﬁ!ie%% %C4oC or
cells'were recovered and resuspen at a’‘concentration of 5x

37°C feelishplin caldFBHs i e-caniigaiasdaxtian (a0 & XIFBS; FO4G:, 10* cells
Sigma) was added to 0.5 ml of the suspension. Subsequently, the cells

were olepenpdubsitar] an4€GAgrSCalibur flow cytometer and analyzed by CellQuest
software.

Figs. 6A and 6B show results of flow cytometry analysis of dendritic cell-like
cells that were induced to differentiate with the addition of the human REIC protein.

Flow cytometry was performed using cells shown in the enclosed area in fig.
6A. The enclosed area was established such that it had the following two
characteristics: it allowed the removal of debris of cells in a specimen; and it allowed the
clear monitoring of dendritic cells in the group treated with IL-4 + GM-CSF serving as a
positive control.

In the chart on the right side in fig. 6A, "CD1lc" refers to a bone
marrow-derived leukocyte marker (a non-lymphocyte marker). In addition, "CD14"
refers to a monocyte or macrophage marker. Further, "DX FITC" refers to FITC-tagged

dextran; this substance is often used for evaluation of the phagocytotic (endocytotic)

capacity of leukocyte-derived cells.
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37C for 1 hour. The cells were washed twice with 1 ml of cold PBS. Then,

104 cells were obtained using an FACSCalibur flow cytometer and

analyzed by CellQuest software. Figs. 6A and 6B show results of flow
cytometry analysis of dendritic cell-like cells that were induced to

differentiate with the addition of the human REIC protein. Flow cytometry
wasFerfoimned wsingloellsvehovimdinc tiie tendidSadmdies inviy. G&, Tddition of the
enclosed area was established such that it had the following two

REIC cpaelciridics: H Wifowdd tie ritndvarordbsHETsrekISiHS dPaRintameangarrow
1eukoé| %‘}%‘é’éhﬁ%egé%{%%@%’%ﬁtﬁ”{}%HEQfQQHBCtﬁg I%d%ﬁ‘o 9rQUR trpategwither 1,

F serving as a positive control. In't hart on the right side

additidf fighe6A I CRA entptats doathane: 1l arsow H ety esi |aYkecytR saatkpl(a foreign
non-lymphocyte marker). In addition, "CD1.4" refers to a monocyte or

body/amabrohhsife tmaiidy, FumtheraiRXORITC bisfersitoiFmitagged dextran;
this substance is often used for evaluation of the hago ﬁ:otlc

(endd &AL R apAtsty S |eGP&éytéeé%Wv@dacéﬂ% BYOTHGEL arE cE et dathought
to be vyg{,%ll{)g&m%d éﬂmogﬁgg]l leerlvggt(?eel (i‘gﬁ é%%ti%éh%nﬁ%g %Oteﬂ%rg antigen).

more S|m|Iar t ocyte- one mar

Furtheleuktiowe-dervgd: lengkitit grlls inducetonith-ihg adgiton&f He-de CD40 ligand
GM-CSF. In addition, the cells are dendritic cell-like cells having the

(havingpititp ol phdgooytize ddodeitn dsddysantibolisnsutrstantialy coripiiabiefors to a
that of dendrit |c cells. In a 6B, "CDIa" refers to a dendritic cell

ition, in fig.
dendrif kel RIS ot 1?0%8%%\}&1 SIS CRRGITSE 2 HOP-pogbicn the
presen%g@?%feagtiélgﬁq %‘“ﬁq e, "CR4%Teiprsfo gy dendriticiaellcely marker

marker that is"a receptor of D4O ligand (having an ability to induce

and is deadiraﬂcaaaliﬂmammminu&emﬁb@neb "CDB¥srefefsrtord adgndtfiiGecedil marker
marker and is thought to be involved together with CD86 in the
and is greadbritation staatiyendemsintipnisHoayager C OB ARERS teetetfeadiidritic cell

markeg cellma s‘ée(f‘tré%& i%?z used as.a d{ﬂg enége 9@2%%&%% E?e%éf[’%" refers

0 a dendrit I er an 1S8d 28 AR’ itic cell
ma%@éo?ﬁ'ﬁ@i@R:e[@%ﬁ@\g@r@dﬂﬂﬁx@@ﬁ to differentiate with the addition of the

REIC protein showed a marker expression pattern similar (but not identical) to that of

dendritic cells that were induced with the addition of [L-4 + GM-CSF.

In conclusion, in view of the other in vifro experimental results, in addition to
the above results, it was found that the addition of the REIC protein results in the
induction of differentiation of dendritic cell-like cells from CD14-positive peripheral
blood monocytes. The cells are morphologically different from peripheral blood
monocytes. Also, they are different from dendritic cells that were induced with the
addition of IL-4 + GM-CSF.

The results shown in fig. 6 indicate that anticancer immunity can be activated
by causing dendritic-like cells induced by the human REIC protein and the REIC protein
(as in the case of treatment with IL-4 + GM-CSF or IL-4+GM-CSFDC) to have

improved in vivo antigen phagocytosis/antibody presentation capacity.

Determination of tumor-suppressive effects of the REIC protein in in vivo experiments
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marker and is strongly expressed during dendritic cell differentiation.
Accordingly, cells that were induced to differentiate with the addition of the
REIC protein showed a marker expression pattern similar (but not

identical) to that of dendritic cells that were induced with the addition of

IL-4 + GM-CSF. In conclusion, in view of the other in vitro experimental
resuRBLn cedlsitiorn 16" tie b ove e sulbs itneas duni bt thénsd dition ¢f-57BLS,
the REIC prqtein results in the_induction of differentiation of dendritic

male) colffké Bélis irm! EDA- positile PetipRErF TolBlsd HRErigEgad et Haat gy 7 was
. are marphologically ditferens from per lood- monoeytes, Alsa,t
st o g e e oS Aoty T oYy T Rerc
proteil (40t @M@SFu e repys shown insfig. £ ndisaie thalaniod injected into
immunity can be activated by causing dendritic-like cells induced by the
each froman®REIC piowirtandehe. REIC praveih , (asine thewasecoifiredtmebierapeutic
. With IL-4 + GM-CSF or IL-4+GM-CSFDC) to have improved invivo
SHect RGBT BPE BRSO IARABON i ESemiftivh Eapatty< DIErimtativh ivity was
deternfifDRr SURPIGSSR 150K 0 R RGP &H&5@S.V'V°?r§eﬁ%?_fm%gg%§§%easured

RMO cells(1x106 cells) were subcutaneously injected into mice

severaln@del QreDays abdseldpddiida. 17Tandrlafiae injectionaipevisediabliowing
Day 7 was designated to be the day of the start of administration of the

formuREE prdteinjihe REIGe srdtein (E0GrguBeh A GePBS (300 |) used as a

confrol was yniformly injected into each tumor formed from the cells. On
Daf 5 Acd BT LA IR P b A HREROT PO S e Bgtment.  In

additidAMQES Were sxamined aRd RYGANGETIMMYDE ASHY Y MAR determined 4, sc
Fig. 7 shows in vivo experimental protocols. Tumor size was measured
showssavatalgdays aften dhe cbhavedfreratipmolsenor Aslshoewas DbiageddyC, it was
.. the following formula: 1/2 x (minimum diameter) x (maximum diameter).
possibigogaHE SR daperaait sRmBBE At amdrtbe wmeaRE e atateit.

In_addition, fig. 8B shows the volume of tumors collected fro It)%? ' .
Deterrp e ) e SR TG B S0 EOR e O oomBlisb JAG Protein
via in ShAWER g 8Ade 8C, it was possible to suppress tumor growth via

administration of the human REIC protein.
Splenocytes were collected from mice or control mice treated by the method

shown in fig. 7 (on Day 14 after the start of administration of the REIC protein). The
splenocytes were used as effectors and cultured with RM9 cells (target cells) on a
round-bottom 96-well plate. The effector/target ratio (E/T ratio) was 100:1, 50:1, 25:1,
or 12.5:1. Target cells were added to wells (5%10% cells each). The supernatant was
collected. Lactate dehydrogenase released from lysed RMY cells was examined by
nonradioactive cytotoxicity assay (CytoTox96, Promega). The lysed cell percentage
was calculated by the following formula. |
(Release during experimentation — Spontaneous release from effectors)/(Maximum
release of targets — Spontaneous release of targets) x 100 (%)

Fig. 9 shows the reéults of analysis of anticancer cell immune activity of
mouse splenocytes upon RM9 cells.  As shown in fig. 9, when the REIC protein was
administered, the percentage of lysed cells increased depending on the effector/target

ratio.  Accordingly, it was revealed that the REIC protein has an effect of increasing
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Determination of effects of increasing anticancer immune activity of the
REIC protein via in vitro cytolytic assay Splenocytes were collected from
mice or control mice treated by the method shown in fig. 7 (on Day 14
after the start of administration of the REIC protein). The splenocytes
_were used as effectors and cultured with RM9 cells (target cells) on a
anticapsghdbotiomIB-wdiviiate. The effector/target ratio (E/T ratio) was 100:1,

50:1, 25:1, or 12.5:1. Target cells were added to wells (5x103 cells each). |
Theltu i St ilEs COfoti TALTAs: RYdfogettaas releaddd from unpaired

StudenyS€4.RMO calls yag eﬁ'}‘}mHﬂﬁ‘ﬂsﬁXap0@(}{91‘}]8@0@}{90%{9?@0“%335@/ rS]tatisticai

(CytoTox96, Promega). The lysed cell pefcentage was calculated by the

signifiiellowing farssutae {Releasadpring.expayimeration - Spontaneous release
from effectors)/(Maximum release of targets - Spontaneous release of
targets) x 100 (%) Fig. 9 shows the results of analysis of anticancer cell

Immupe activity of mouse splenocytes upon RM9 cells. As shown in fig.
Inductgp g A A G TR VLG ARG, DS PTG Lo o Rt colls
with tHRCIe@seH denending on ﬁl}g@fﬁgg{g{garget ratio. Accordingly, it was

revealed that the REIC protein has an effect of increasing 24 anticancer

cell(rampungsaativitnnln shisobyarpled dath die repressiatethby theupeasted with
SEM. An unpaired Student's t-test was used for statistical analysis

IL-4 aimsvidgZ GipupsasthiktibalCghifiCastentagabsurasthnHesripd prdiud-4 +

s < 0.05..Induction of dendritic cell-like differentiation from peripheral ..
M- A BT ot (HE ECETE e b LR HERCCpH dendrti
cell-LKORPAISAMARNANG %H‘f@%ﬁ&%t.e_dl\ﬂ'tgéheiB,Elﬁep'{%%@ala goupdpealeds the
with IL-4 alone, a group treated with GM-CSF alone, and a group treated
percenditie llof €cBMA@8F dasicaiciedediuti ke tefmatief thétlperpentage of alifcells cells
represented by dendritic cell-like cells induced to differentiate. In fig. 10,

represghie ety <HehidiFefstdgdtRcalls Mc@ﬁfé@%f)é@l&g\m@%é%r@ﬁf?éléapn%gmed to
e EEHIED e (ol el Imeran ey e SR 2% Do
7 after the addition of the relevant substance.

As shown in fig. 10, the degree of induction of differentiation into dendritic
cell-like cells in the group treated with the human REIC protein was statistically
significantly greater (shown with "*") than that in the group treated with 11.-4 alone and
that in the group treated with GM-CSF alone.

Accordingly, the ability of the human REIC protein to induce human
peripheral blood monocytes to differentiate into dendritic cell-like cells at the
concentrations shown in fig. 10 is significantly greater than that in a group treated with
IL-4 or GM-CSF (known as a cytokine) alone. Specifically, the human REIC protein is

superior to cytokines such as IL-4 and GM-CSF in terms of induction of differentiation

into dendritic cell-like cells and has greater usefulness than such cytokines.

Activity of inducing an allo (allogenic) reaction with the use of CD4™ T cells
(Iymphocytes) in dendritic-like cells induced with the addition of the human REIC

protein
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have dendrites). The cells were visually counted at random with a

microscope on Day 7 after the addition of the relevant substance. As

shown in fig. 10, the degree of induction of differentiation into dendritic

cell-like cells in the group treated with the human REIC protein was

statistically significantly greater (shown with "*") than that in the group

treatechyvieh 10-gvalones andankianire ehérgroup tycaed witty GREE S alomeinduced
ingly, the ability of the human REIC protein to induce huma

Accard ) | o
dendrijgelike iy ol HIGHSEY s 36! diffErBhtiaty s @Mﬁﬁé@éﬂ%ﬂ@%ﬁﬁg%w with
the w3 ORI ANAMILIN I, 19,5 SRRty deael AR Mionocytes

group treated with SF (known as a cyto one.

were Sylesifiealiyothepbripian RBIG Rraieindsusuperiesto eyiakinesisuchiasitbrdBeads
and GM-CSF in terms of induction of differentiation into dendritic cell-like

(MiltegefisBintehhsogreatbrctivefulfdst tHarmsusirvitokinBbe Avtivity &hhdueintein and
se of CD4} T cells (I hocytes) in

an allo (allogenic) reaction with the mp
-4 “*ae(ﬁ%ﬁf(c%%kéveasswmwmﬂ#ﬁﬁ’efﬁaaﬁffbn g@wmn?{aﬁxﬁééf%?sfeﬁ?ﬂs were
couec?e%'%8&.‘"8@&9%8!?486‘5%_%ﬁﬁ'@%‘i@fdﬂl@&@é@f %ﬁﬁﬂcqti?glgeiis and IL-4 +
protein-induced dendritic-like cells, evaluation of activity ot inducing an

GM-Calfvitallegeniehmactealwith otig wseoat G DA dpselisdymphogyties)wasm Day 7,
conducted. On Day 0, CD14+ monocytes were collected from peripheral

CDA4” Hicsil miasnediedie detrwiohlhte decon WieipBeaislentiienyioBlstsey forlls of a

collection. o 14+ monogytes. The human REIC protein and IL-4 +
donor G CSF i Ko rBTEN, GATLA Pt SBRDdy FEE G Bl the use of
MicroWE!8s C@%ﬁ@&ﬁ@ﬁ%@g%@@ 25REMfrBIIRINsIndusge dendfilic-like chemical
cells and IL-4 + GM-CSF-induced dendritic cells (positive control),
substarespeCingly, lwhaddition;anDaydbcabt+aceliddyérecselecteand” cells at a
collected from peripheral blood mononuclear cells of a donor whose )
conceraniayre Hitarerfroflinzicds iy dotibr o RHENRIRtC ERRsaNs flae diseipttes for cell

labelii%'l\g::crctf%%age% gc\:s/lm%ﬂ(sage L:%S.gé% %Seglﬁg rn%cl)‘!f!g C(Eiﬁr},pfl"cc%ﬁ; T gﬁl}g%}a’e%dytoofhgay 7,

emical supstan , Which emits fluGrescence, was a

CD4" €R4ts T £6lle 8t aegoncanatirneh, Q03 M Rllgwesh By fUBYIG &G LR with the
temperature for 5 minutes for cell

REIC protein-induced dendritic-like cells (6.25 x 10° cells per well) or the IL-4 +
GM-CSE-induced dendritic cells (6.25 x 10° cells per well) for a positive control.
CFSE-labeled CD4" T cells were cultured alone for a negative control. Coculture was
carried out for 4 days in an incubator under culture conditions of 37°C in the presence of
5% CO; and 95% air. On Day 11, the number of CFSE-positive lymphocytes in a
random visual field was determined under a microscope. Fig. 11 shows the results.

Fig. 11 shows that REIC protein-induced dendritic-like cells (REIC/Dkk-3Mo)
have the ability to cause CD4” T cells to grow via coculture, with the increase in the
number of cells being statistically more significant (represented by "*") than that in the
case of the control group. In addition, it has been demonstrated that such ability is
statistically comparable to that of [L-4 + GM-CSF-induced dendritic cells used for a
positive control. Specifically, in this Example, dendritic-like cells induced by the

human REIC protein and the REIC protein can serve as a very useful means for

improving anticancer immunity and treating cancer in clinical practice, as in the case of
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labeling. Labeled cells were used as allo naive CD4+ T cells. Similarly, on

Day 7, CD4+ T cells (1 x 105 cells) were cocultured on a round bottom

96-well plate with the REIC protein-induced dendritic-like cells (6.25 x 103

cells per well) or the IL-4 + GM-CSF-induced dendritic cells (6.25 x 103

cells per well) for a positive control. CFSE-labeled CD4+ T cells were
treatmguitureth dlorfetfér M eYativd cohtrdli M dctiltlve. was  carried out for 4 days

in an incubator under culture conditions of 37C in the presence of 5%

CO2 and 95% air. On Day 11, the number of CFSE-positive lymphocytes
Industi 8 f@?ﬁ%%i‘ﬂ al f_ield was determined under a_mi_croscope. Fig._;l _

shows the results. Fig. 11 shows that REIC protein-induced dendritic-like

cellsi(REGIOKrdMa)h havedheanilitotBfause Pt ih Bt oMW NVIdmpared

coculture, with the increase in the number of cells being statistically more
with Highifasatht {repeasentedrisy Y thddthatinnthentasal of theosonttol reupimmune

. In addjtion, it has been demonstrated that such ability is statistically

activatigh, BHEe to that of IL-4 + GM-CSF-induced dendritic cells used for a
(O T HORIHYE %98{5% §29.1%%'sﬁ%ﬁlt%a'1qc§]]§r§f§ﬁl@§ Ie?ctg\?aqgc{g '%?Jl%%h%%lnglﬂ%li'%egntitumor

by the human REIC protein and the REIC protein can serve as a very
effectusedul wigansstar simgpsoving anticancer immunity and treating cancer in

clinical practice, as in the case of 26 treatment with IL-4 + GM-CSF or
(2) The4RigW-oorme. iselstdalchpplidatitieg The REBIC Rideinghas begnession is

found to, have the following. effects when compared_with IL-2 and a group
absent@e@

R oS BEe REHART kABG TG RERVS it tmBr YetR dfaprulations are

effecti%g%ﬁsa@v)d% Ig:fgaqlt@é%pauses anticancer immune activation and
thus exhibits antitumor effects even when used alone. (2) The REIC

(3) Thprri€iQ ifseltia chasactarizachirthaiRKCagane RPsadsivmsist can be expected to
absent/reduced in many types of cancer and therefore REIC protein
have thegfifstiondrapeo emecivb dalaaiifalizad s tccadesien (8yatek thereyith but also

4 wm{ﬁ){ot%ipa gauses :ﬁg}tica&?% m%u%e %%ti\é%ti n and thus it can b%ﬁxgecte(:&
6 "have the effeclof Improving no onFy aJoRAT Y B SR EsIGI tra Y-
(4) SitneReWitBUWARISQistration of the agent of the present invention and a different
existing cancer antigen protein can cause systematic anticancer immune activation via
the induction of differentiation into dendritic(-like) cells, allowing prevention of
carcinogenesis itself.
The REIC protein can be used as a cancer immunotherapeutic agent,

All publications, patents, and patent applications cited herein are incorporated

herein by reference in their entirety.
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a cancer metastatic lesion, and to have the effect of preventing cancer
(metastasis). (4) Simultaneous administration of the agent of the present
invention and a different existing cancer antigen protein can cause
systematic anticancer immune activation via the induction of
differentiation into dendritic(-like) cells, allowing prevention of
carcinogenesis itself. The REIC grdtéilMian be used as a cancer
immunotherapeutic agent. All publications, patents, and patent
applications cited herein are incorporated herein by reference in their

I. en rr?tX &Zt%ﬁ %C}fl Qi ent Or md ﬁ%llf;f)%%ecnt gglqﬁtgo endritic cell-like
monoc es IﬂtO endrit e ce comprises, as an active

cells, preg @ﬂhﬁh@églmﬁgaﬁ@@gpégieng%a REQisinCORSISING Of-the

amino acid sequence shown in SEQ ID NO: 2; or (b) a protein consisting
(a) a pobEmragminosicid sétheacederividd éoprantreshminoiadd elguedice 2shown
in SEQ ID NO: 2 b}( substitution, deletion, or addition of one or more

(b)a pémms SO el AV IR BReRS RGP TRe differaritiationinoapid sequence
ShOWDn]Bngﬁ eﬁjnﬂ?@eﬁ] I%U%% llllh?()qel(fﬁ ztlglbeoﬁ%%}h ?(‘5 Ind#%rrl] or x?ore amino

differentiation from monocytes into dendritic te e ce saccordlng

acid(s¥laian Hawiherain beviporacyigscare pEFRERRKRIAAEIMONeEBae3 A8 dendritic

agent for activating cancer immunity, which comprises, as an active
cell-lijggreldient, the following REIC protein: (a) a protein consisting of the

amino acid sequence shown in SEQ ID NO: 2; or (b) a protein consisting

of an amino acid sequence derived from the amino acid sequence shown

2. in ﬁEeQaéQﬂ}l ?012ﬁéﬁ&&ﬁé“&ﬂ%?mﬂ?&ﬁ%%”&%@%‘? %%#gﬁeg N§8 r([?%%tm cell-like

amino acid(s) and having the activity of inducing entiation from

cells amondbytas tliddandyiicrgeliikecalisytbshe pgephioflasivating canges.
immunity according to claim 3, wherein the monocytes are peripheral
blood monocytes 5. A pharmaceutical composition for cancer therapy or

3 prg\{}engzlgo 3f0'n9 the effect

T aci"lvatmg cancer immunity, which comprises, as an active
ingredient, the following REIC protein:

(a) a protein consisting of the amineo acid sequence shown in SEQ ID NO: 2; or

(b) a protein consisting of an amino acid sequence derived from the amino acid sequence
shown in SEQ ID NO: 2 by substitution, deletion, or addition of one or more amino

acid(s) and having the activity of inducing differentiation from monocytes into dendritic

celi-like cells.

4. The agent for activating cancer immunity according to claim 3, wherein the

monocytes are peripheral blood monocytes.

5. A pharmaceutical composition for cancer therapy or prevention having the effect
of activating cancer immunity, which comprises the agent for activating cancer immunity

according to claim 3 or 4.

6. An agent for inducing differentiation from monocytes into dendritic cell-like
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of activating cancer immunity, which comprises the agent for activating

cancer immunity according to claim 3 or 4. 6. An agent for inducing

differentiation from monocytes into dendritic cell-like 28 cells, which

comprises, as an active ingredient, the following REIC DNA: (a) DNA

consisting of the nucleotide sequence shown in SEQ ID NO: 1; or (b) DNA
cells, btohyepipdscantfet s ffigeninesditohdhe DNavndpadidiitg BPE::

cleotide. sequence complementary to the nucleoti ence shown
(@ D TR T GTEGHLE SISt PO thelacde b adEing
(b) DNiKenentigdion 1o meRecies inte CendrticCcrlfikecelis e AL/ cleotide

for inducing differentiation from monocytes into dendritic cell-like cells
sequeaccardingl tmekainoyt tavheeeimitieondaceytesnate geripheial BIROAID NO: 1 and
monocytes. 8. An agent for activating cancer immunity, which comprises,
encodgg aPEIGHR hAyHeeiBH, 2RE FENoWing e i reay PN congistimgegytes into
dendrl'ie Q%{f_'ﬁgg%% sequence shown in SEQ ID NO: 1; or (b) DNA that
1hycbrl izes under stringent conditions to DNA consisting of a nucleotide
sequence complementary to the nucleotide sequence shown in SEQ ID
NO: | and encodes a protein having the activity of inducing differentiation
7. frohhenanocyfes inthicdegndlifie caltihke ceits nd M agent iowadtivating ccll-like
cancer immunity according to claim 8, wherein the monocytes are
cells agepisHaeaibrRdd oty the MOBRSYHACE PRI sHM SdRRsh omesH T
therapy or prevention having the effect of activating cancer immunity,
which comprises the agent for activating cancer immunity according to

g.  claim el 1d: ARmermJocindesingdifferantialiopHrum-menesytas iato active

dendritic cell-like cells, which comprises, as an active ingredient, a vector
ingredeomtainny thevioloMiilg RENG: DNA: (a) DNA consisting of the nucleotide

sequence shown in SEQ ID NO: 1; or 29 .
{a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1; or

(b) DNA that hybridizes under stringent conditions to DNA consisting of a nucleotide
sequence complementary to the nucleotide sequence shown in SEQ ID NO: 1 and
encodes a protein having the activity of inducing differentiation from monocytes into

dendritic cell-like cells.

9. The agent for activating cancer immunity according to claim 8, wherein the

mon_ocytés are peripheral blood monocytes,

10. A pharmaceutical composition for cancer therapy or prevention having the effect
of activating cancer immunity, which comprises the agent for activating cancer immunity

according to claim 8 or 9.

11. An agent for inducing differentiation from monocytes into dendritic cell-like
cells, which comprises, as an active ingredient, a vector containing the following REIC

DNA:

(a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: [; or
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(b) DNA that hybridizes under stringent conditions to DNA consisting of a
nucleotide sequence complementary to the nucleotide sequence shown
in SEQ ID NO: 1 and encodes a protein having the activity of inducing
differentiation from monocytes into dendritic cell-like cells. 12. The agent
for inducing differentiation from monoeytes into dendritic cell-like cells
(b) Diécsiainbystertlamms 1mdapheréliztne vestbiimaraddNdvirerssisingrof 3. Theeotide
agent for inducing differentiation fram monocytes into dendritic cell-like
soque g CORBIGE lfin TF P L WHErSHHR SN oS ribhens 1 and
encodp:!og %rmgf‘rf’ ?M\%?lglﬂido‘&ﬁgﬁ?t &‘?Hﬁﬁﬂ%ﬁ%g‘%ﬁ@é}%ﬁ'ﬁﬁﬂmyw monocytes into
comprising, as an active ingredient, a vector containing the follﬁl)wmg
dendriREKSIDNKE (@)IBNA consisting of the nucleotide sequence shown in SEQ

ID NO: 1; or (b) DNA that hybridizes under stringent conditions to DNA
consisting of a nucleotide sequence complementary to the nucleotide

seqguence shawn.in, SEQ ID NO: 1.and epcodes a protein.having the . :
12, och P Rt AR AR WO NGy (S TR B Gl oel-like
cells aEEUSaiky: (NG ABENT TQACUNAIING LARCETITHTHIY, Ae601dipg [o claim 14,

wherein'the monocytes are peripheral blood monocytes. 16. The agent

for activating cancer immunity according to claim. 14 or 15, wherein the

vector is an adenovirus vector. 17. A pharmaceutical composition for _
13, caheeragrsrapgromgresiaatidnlipestigitne erset nofereliatngteadesdritic cell-like

immunity, which comprises the agent far acgtivating cancer immunit;
cells. SERNRG (5 ary/bie Lf it S I TEm0 s PR St ouREap heral blood

monod§QERPosition for cancer therapy or prevention having the effect of
activating cancer immunity according to claim 17, wherein the vector is an
adenovirus vector. 19. A method for inducing CD14 positive monocytes to
differentiate into dendritic cell-like cells, which comprises culturing

14 mOfotgas ENSEET BN CARSHIHNIROV ¢ Anprising, as an active ingredient, a

vector containing the following REIC DNA:

(a) DNA consisting of the nucleotide sequence shown in SEQ ID NO: 1; or

{b) DNA that hybridizes under stringent conditions to DNA consisting of a nucleotide
sequence complementary to the nucleotide sequence shown in SEQ ID NO: [ and
encodes a protein having the activity of inducing differentiation from monocytes into

dendritic celi-like cells.

15. The agent for activating cancer immunity according to claim 14, wherein the

monocytes are peripheral blood monocytes.

16. The agent for activating cancer immunity according to claim 14 or 15, wherein

the vector is an adenovirus vector.

17. A pharmaceutical composition for cancer therapy or prevention having the effect
of activating cancer immunity, which comprises the agent for activating cancer immunity

according to any one of claims 14 to 16.
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the presence of the following REIC protein: (a) a protein consisting of the
amino acid sequence shown in SEQ ID NO: 2; or (b) a protein consisting
of an amino acid sequence derived from the amino acid sequence shown
in SEQ ID NO: 2 by substitution, deletion, or addition of one or more
amino acid(s) and having the activity of inducing differentiation from
monocytes into dendritic cell-like cells. 20. The method according to claim
1 Whe%ein the on(?ce/(%es are peripheral bIoo%1 mono%¥tes. 21. Den?iritic
ce

I8 el A Sy CIEPO R, IO BRSs T S L SRS G Fvipe the

effect HPROAYIASACHVALRY by tha REICRspiain by theimethodaeeordingQector is an

claim 19 or 20. 22. The dendritic cell-like differentiated cells according to
adenoeimimv2tiavhich are positive for CD11c, CD40, CD80, CD86, HLA-DR,

and CD14 and negative for CDla. 23. The dendritic cell-like differentiated

cells according to claim 21, which are found to express almost no CD1 a

cell-liltb-deyvhieniaptigensendbe aelswfacas ae-analyzed Py AoV emelrYy virro in
the pres;ince of the following REIC protein:

{a) a protein consisting of the amino acid sequence shown in SEQ ID NO: 2; or

{(b) a protein consisting of an amino acid sequence derived from the amino acid sequence
shown in SEQ ID NO: 2 by substitution, deletion, or addition of one or more amino

acid(s) and having the activity of inducing differentiation from monocytes into dendritic

cell-like cells.

20. The method according to claim 19, wherein the monocytes are peripheral blood
monocytes.
21. Dendritic cell-like differentiated cells, which have been induced to differentiate

from monocytes activated by the REIC protein by the method according to claim 19 or

20.

22. The dendritic cell-like differentiated cells according to claim 21, which are

positive for CD11c, CD40, CD80, CD86, HLA-DR, and CD14 and negative for CDla.

23. The dendritic cell-like differentiated cells according to claim 21, which are
found to express almost no CD1a but express CD14 at a level greater than that expressed
in dendritic cells that have been induced from monocytes with the use of GM-CSF and

1L-4 when antigens on the cell surfaces are analyzed by flow cytometry.
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