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 activity.
Background Art Dendritic cells (DCs) gresthe ippgtyRowerful antigen presenting cells in the living
body. Dendritic cells are known to induce immune responses by presenting antibodies to T cells. In
addition, it is also known that DCs play a central role in 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 tofROSEVER (S e the Wb ed SN F EBADR EHEBY G 586 PELNEMKENG CordiigiR DCs

attain T.gell,sti ' ition i ripheral I tic.ti activate T
cells tha%% erleﬁspem ic %o aniig%géﬁg%%%o}??éfg ﬁﬁ%ﬁ@&%%@ebmyﬁ)g@m In
general, there are only argmalkprmber giveferereesihaldisslose.supsianges 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 IL-4. This combination is called a "gold standard" for
dendritié N hffeiéitlation. In addition, as substances capable of inducing dendritic cell differentiation

when used alone.qQr in combinatio .TNF-'al[I%?%éIL-Z IL-3, IL-6, IL-7, IL-12, ]L-13, IL-15, HGF

(hepatocyte growth Tactor), a CD? ‘lﬁaalﬁ j # Pha rll—lﬁﬁeﬁlggzﬁ R IEFOB O ARS8 reported.

Among dhase prateinm-HAMRIsRHolR; shhsianceisanakle Ltipgycing precursor cells to differentiate

into dendritic celr(-like) cells when used alone include IL-2, IL-1£ HGF, and a CD40 ligand. Of these,

only IL-2 has been confirmed to have in vivo anticancer effects (see Non-Patent Document 1).
Background Art

Dendritic cells (DCs) are the most powerful antigen presenting cells in the
l1v1ng body Déﬁdritic cells are known to induce immune responses by pfesem:ing
antibodies to T cells. In addition, it is also known that DCs play a central role in
immune reactions by directly acting not only on T cells but also on B cells, NK cells,
NK'F 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
activatg T cells that are specific to antigens incorporated thereinto so as to induce
immuné 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 IL-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, IL-2, IL-3, IL-6, IL-7,
IL-12, IL-13, TL-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



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 family. It has been suggested that
Dkk-1, which is a member of such family, inhibits Wnt signal transduction via Wnt receptors
(Non-Patentdesuneiis60and e ihepY¥nigene bas heenrepariae:toplaysnaifacetert 1ales in
important biological phenomena such as cell growth, cell differentiation, and canceration (see
Non-Patels Ddsumestis)lcHseredbrde dimilarly,-tife DikkHaanty ¢indidingzclrrettytkemwetiyman
genes) {Jrobably has important functions for cell growth, cel| differentiation, and canceration, However,
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Non-Patent Docyment 1:.20 l,,. Et tokine Netw. 200 -Jun; 43(2):186-99. Non-Patent
Document 2: Tsﬁe'?'%t‘e‘]théﬁ’ %}}%ﬁ%%%% $£ %}és éél%ran%%l%gv%o@%&bg% ’&?R]-Oﬁgatgﬁ%tg&:u ment 3:
Tsuji, Tiret 2. bRIQCheMBIaPiNG BRS &proesiim 239125 ¢:63 (30QhhNescRaterhirasumeRtdedNozaki, .
et al., Int J Oncol 19, 117-21 (2001) Non-Patent Document 5: Kurose, K. et al., J Urol 171, 1314-8
(2004) RansPatentiBDocuient BioBaficepiDetaaiat Zall 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, 164416 (02 8sctstirB B i HivEitgh® famitys aff dieaesPRgsEEhRRention to
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escribed above, the IL- protein, which is an immunological cancer therapeutic agent, exhibits

therapeutie Rfectsupor.spacificdypesef canger suclrias whaleel GaRCeEdn sopaeteasespiapwever, it
is welt-known in clinical practice that the types of cancer for which the protein can be administered and

the effentslofsuttdprotkin are important biological phenomena such as cell growth, cell

differentiation, and canceration {see Non-Patent Document 8). Therefore, similarly, the
Dkk family (including 4 currently known human genes) probably has important
functions for cell growth, cell differentiation, and canceration. However, most of the

o * functions of the Dkk family have not been elucidated.
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Disclosure of the Invention
It is an object of the present invention to induce or activate dendritic cell-like

cells so as to treat or prevent cancer by immunotherapy.



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 present inventors. As a result, the
present inventors found that the REIC protein can induce monocytes to differentiate into dendritic
cell-like cells, allowing the dendritic cell-like cells to cause an immune reaction against a cancer
antigen, and thussglQuing teRtIRIEOT RECYEDHOR-6f SANGER ihishas Ied ta:hecempletiqn.pf the
present invention, which relates to the use of the REIC protein as a dendritic cell
differentiatiopeinicicimpagehipan dgeapfotiactiVatingicamcer difhupiiys of @ carceantherapautic or
prophylactic agent. The present inventors found that the REIC protein, which is found to be

expressédlSBaste ! SR Gcsased 10VE iRt alis st sy BBl sHeera L ampicGdbatd8 a kanter
therapeutic agent-having the effect of activating cancer immunijty, against various types of cancer, and
that thehGLARELIS LGS SIS BEIC B A Be L Dear (5 LT GRr Aol SO T2, The
presentjjpyeniors 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 vigw of pascimbgenesispthe R&i@ptedein censentratiomndie probablylew taiissue in

which canceration progresses (because theFex ression or secretion of the REIC protein is absent or

reducediiRRR e HRaBE Glfeds IgheTRE 1Rkl mr ehaintrBadrftrch heer imavipeshttivity is
“.”"ke'.yié"1?%%‘?@95:?@%9&09%%%%‘%.50 shat E:%?Iu'f{ e&%”%%?&%%ﬂ%%ﬁt‘&@ : gr?éet%te?cdtﬁg "QHgp the
biological immumty (cancer cell iImmuhnological to erancef), resulting in proliferation”or progression of

cancer.Jonder shehiicdmstanessdhe REIGarRteinisAlsHseivl a3 anaqentfo RIS YeNiRg
canceration/carcinogenesis through anticancer immune activation. Specifically, the present invention is

describédndsi followis:li [{Are Hg ent fansaducingrdifferentiationagemananaaytesantie eendrd ichesll-like
cells, which comprises, as an active ingredient, the following REIC protein: (a) a protein consisting of

the amiHeCAERES SGAERER SABWRSERESY IBINGRE or {5 Brotdad condhsingapiitiaminb Beid
i the ami i h i D NO:..2 b titution, deletion,
sequen ge lerived fram %%I}Qor(ﬁ%t%asi dS”ﬁl%C%é%%WﬂQ_ %‘%‘?d prareif di# Sa“%%r'ié‘m%“ dgletion, or

additio one or more &mino aci having the activity of inducing differentiation from

monocyigseiRiadandritia calirikeealls. 4] hhenagrnt fefiinducing Litigrentiatianfrom mangeytes into
.dendritic.cell-like cells according to [I], wherein the monocytes are peripheral blood monocytes. [3]An
* agent ftheastivatingpcamcehitariimingewhichl bomprisas 1 avemoastivaringteaticht, thielfoliowing . REIC
protein: éa) a_prPtein consisting of tgzsamino acid sequence shown in SEQ ID NO: 2; or (b) a protein

consistifit6F &h!GHAJ BRI SEGERIEES HERTIEY A tHE S Wi SRRRT G SRR PI°SEE 1D NO: 2
s, e s o A vl B sl o
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 vive immune and inflammation phenomena. In
view of carcinogenesis, the REIC protein concentration is probably low in tissue in
which canceration progresses (because the exi:)ression or secretion of the REIC protein is
absent or reduced in many types of cancer celis). Therefore, it is thought that the
anticancer immune activity 1s unlikely to be induced in cancer tissué so that the presence
of cancer is not detected through the biological 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.

Specificaily, the present invention is described as follows.



[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
[31 or [4]. [6]An agent for inducing differentiation from monocytes into dendritic cell-like cells, which

compriggs, as ar,Aclivaingrediant; the fotening REICrRBNAR 6L DA Gansigling.af the-nuglgotide
sequence shown in SEQ ID NO: I; or (b) DNA that hybridizes under stringent conditions to DNA

consisting lef evidbleotideisequance xoinp emediary, tthth& Huelegtidd: $eéquenda:shown in SEQ ID NO:
1 and encodes a protein having the activity of inducing differentiation from monocytes into dendritic
cell-likel b RsP 7| TR BB AL RS 9h AR iHY affeFeh H AHBANRB IMABAGBYTIES Atd NER it cell-like cells

according to [6], wherein the maonocytes are peripheral blpod ocytes. [8]An agent for activating
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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.
[2] The agent for inducing differentiation from monocytes into dendritic cell-like
cells according to [1], wherein the monocytes are peripheral blood monocytes.
[3] An agent for activating cancer immunity, 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 indpcing differentiation from monocytes into dendritic
cell-like cells.
[4] The agent for activating cancer immurnity 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 differentiation 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: [; 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: i 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



(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. [9]The agent for activating cancer immunity

accordipg o I8lonherain the wenecyes atgmeNRhesal blooshmangrytasmiiQléyrharmaceutical

composition for cancer therapy or prevention having the effect of activating cancer immunity, which
comprigé$ the agentfonacivrating cancer inmmenityraccorgdingstbi§8] aof@hrises, A agentdorénducing
differentiation from monocytes into dendritic cell-like cells, which comprises, as an active ingredient, a
vector cBATaHmY the ol briieeREtE DR (a) DNA consisting of the nucleotide sequence shown in

SEQ ID %Nl or Igbl) NAtfh thz}/br'di es under strin%ent condliti t I_\I,IA_ consisting of a nucleotide
%% ) A|co S SEI‘I %)0{ e LICjIeO 1GC SCOQUCTICe STIgWI 1L %%@%Iﬁ or

sequence complementa € nucleotidé 'sequence shown'in O:’'1"and encodes a protein
having faﬁ petiving of indcingediffarentiation freradnenemdes ik dendritiaicells 05 depdeiicicell-like
cells. [12] The agent for inducing differentiation from monocytes into dendritic cell-like cells according
to [11], wwhecee themebtardstary adenbyirusclaside (23]dihe: agentforiin@iihd diffécentiatiod from
monocytes into dendritic cell-like cells agc_ording_to [11] or [12], wherein the monocytes are peripheral
blood n§8RBEEes. PIogIAM LS thE acivdting tandbeimantliHieycasiipprRifty asHnaetiss iHdfedient, a
\gzctor C R@l}g{g%ﬂgﬁgg%\gf&g REIC DNA: (a) DNA consisting of the nucleotide sequence shown in
QID s 1 or

{91 The agent for activating cancer immunity according to [8], wherein the
monocytes 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 [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

v 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 monocytes into dendritic cell-like
cells according to [11] or [12], wherein the monocytes are peripheral blood monocytes.
[14]  An agent for activating cancer ifnmunity 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

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



(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. [15]The
agent for activating cancer immunity according to [14], wherein the monocytes are peripheral blood

%gﬁ%%iy@tmg Ciﬁﬂﬁ%{) ingmupity q%%oggml{o- hl{{jé)@[]@ W@gr?irbﬁtée vector
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is an adenovirus vector. [17]A pharmaceutical compasition for cancer therapy or prevention having the

effect otaehvating saneer Hamunitie WoisHisompPrisasinge aueniior Aty aling GADEEERNURLY
according to any one of [14] to [16]. [18]The pharmaceutical composition for cancer therapy or

preventitmésvingtHe efféordf deteltiiecegiter immunity according to [17], wherein the vector is an
adenovirus vector. [19]A method for inducing CD14 positive monocytes to differentiate into dendritic

cell-likeidells, whith citprides EiltiiANGImEMBL e tBIbLR ot dRariial H-vitld i tRe Bresence of
the fo'loﬁ%’?l%g%@gzﬂgoﬁ%wﬁheral blood monocytes.

[16] The agent for activating cancer immunity according to [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 coﬁlprises the agent for activating cancer immunity
according to any one of {14] to [16].

18] The pharmaceutical composition for cancer therapy or prevention having the
effect of activating cancer immunity according to [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 monocytes collected from an animal in vifro in
the presence ofthe 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 {191, 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 [19] or {20].
22} The dendritic cell-like differentiated cells according to [21], which are positive
for CD1lc, CD40, CD80, CD86, HLA-DR, and CD14 and negative for CDla.

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



(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 monagyiesiare.nerpharal biood meneeytesh2HneRtc call-ike diferentiated gelly yhich have

been induced to differentiate from monocytes activated by the REIC protein by the method according
to [19] ow[i20)] aj2i¢hedetidritidlceltfike ifferentiated eell8accondinmgtie [21], which are positive for
CD11 c, CD40, CD80, CD86, HLA-DR, and CD14 and negative for CD1a. [23]The dendritic cell-like
differentiated celld BecslRRAGRER 1INGIAGS aPefodidad exXpidss etnfestnaTOkalbatdxrets CD14 at

level ter than that d in . dendriti lls that have been induced from manocytes with the
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This degeripigninaiides pamhenaleft 0%%99&%% as disclosed in the description and/or drawings of

Japanese Patent Application No. 2008-086516, which is a priority document of the present application.

Brief Description of Drawings

Fig. 1 shows an image indicating the results of western blot analysis of the
purified human REIC protein.

Fig. 2 shows phase contrast microscopic images indicating the induction of
dendritic cell-like differentiation from peripheral blood monocytes with the addition 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
transcription) activation of peripheral blood monocytes with the addition of the human
REIC protein.

Fig. 6A shows the results of flow cy'tometry 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 intratumoral 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)



Brief Description of Drawings Fig. 1 shows an image indicating the results of western blot

analysis of the purified human REIC protein. Fig. 2 shows phase contrast microscopic images
indicating the induction of dendritic cell-like differentiation from peripheral blood monocytes with the
addition of the human REIC protein. Fig. 3 shows the percentage of all cells represented by

dendritccellike gells inelycech o differentiale withithe addliiongt fhe hyman REIC protein.  Fig. 4
%Tlcke nyv e F—ﬁke daﬁ

shows images Indicating the induction of dendritic ¢ iterentiation from peripheral blood
monocytes (CD 4 positivaiealis) withoihe:adgiiomaithe RUMAERIRE GHRRLEIM tumoFigmagtows
images indicating STAT (signal transducer and activator transcription) activation of peripheral blood
monocytesewithl thigcadditivniod theddomantREND pfafethuman RigiGArstows the results of flow
cytometry analysis of dendritic cell-like cells induced to differentiate with the addition of the human
RELC protein.  "18-FighesssHewd e Heatts O fbirEyttn e dhaRisis 6F HeRd il LaIbmkE cells
induced &%]diflfq;e{}g%tgﬁ/y'th the adq[itlgﬁ%of th.Irlluman REIC protein. Fig. 7 shows experimental
[

protoco?s of intratumoral a(arlr]]%lsﬁ?a on of the Atiman REIC protein.  Fig. 8A shows tumor growth

inhibitory effects (tignedepandent ghanaasdndyumer vakime) obsenvad afterintatuperat administration
of the human REIC protein. Fig. 8B shows tumor growth inhibitory effects (based on tumor weight)
observed:afterrttatah orahadmikistratibn oftthéidh adiih REICtpedteinafrif E8C showis.tumor growth
inhibitory effectsxgshown in tumorage) . . . . ) )
ig. 11 shows the acfivity of inducing an allo (allogenic) reaction with the use
of CD4" T cells (lymphocytes) in dendritic-like cells induced with the addition of the

human REIC protein

Best Modes for Carrying out the Invention

Hereafter, the present invention is described in detail.

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 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



observed after intratumoral administration of the human REIC protein. Fig. 9 shows elevation of
anticancer immune activity as a result of intratumoral administration of the human REIC protein.

Fig. 10 shows the induction of dendritic cell-like differentiation from peripheral blood mononuclear cells |
with the addition of the human REIC protein. Fig. 11 shows the activity of inducing an alio
(allogenigy regcdion it the pse,ef SHRE L higelIsiynaphecyie ) indendhitic-hika gelis Induard with the
addition of the human REIC protein Best Modes for Carrying out the Invention Hereafter, the present
inventionlifi tdescrfbecindetaik (1 to Thepagient oy ihducihqdifferentiatigrfioin mon@gydesinto
dendritic cell-like cells, the agent for activating cancer immunity, and the pharmaceutical composition

for canéétdherab)orBiE0eHs T HB\RE Vet et bt attRaing CARCE! TG B ehse. frathsst
invention comprise..as an active ingredient, REIC DNA or t EIC protein encoded by such DNA.
The nuCKITHS Sorp b AR TR o L P S TN MR e R e
sequenge 9fthe REIC, pegtain encaded by REICONA IS showrinmhQ BINQT2(Basic AbiRfein
encoded by REIC DNA contained in the agent for inducing differentiation from monocytes into dendritic
cell-Like\beghsi¢he Sepenhfobattivathng anoes! ifinmuaityy afiddhe phaimaceutical Cemipakitiamn:for
cancer therapy or prevention having the effect of activating cancer immunity of the present invention is
a proteifcBpidmp e eitito(agid BEGIeAREEHEHT)in SEQ ID NO: 2 or an amino acid sequence
substantially identical to.the aming aci e shown in SEQ, ID NO: 2 and having the activity of
cucing diflerentiatBh Ho e i Bl Ce aete e e RS tdentica
amino %Gﬂdkﬁe%g%?ﬁ;éﬁ‘éﬂﬂﬂ%ﬁ@rﬁ@@@@m sesuengesggiiyechiiom thejabave AiRine agid.sequence
by substitution, deletion and/or addition of one or more (I to 10, preferably | to 5, and more preferably 1
or 2) amiriei aeid(s) the afvamimd acid setjuanc R EdUingratdea $ty85 % erefe aklyr 8024 arbhigler, further
preferably 95% or higher, and particularly preferably 97% or higher identity to the above amino acid

bl igher
sequentB ich reeabgdeaRisingd rrcakdinpie, %@@(%ﬁéi&%@ﬂém%ﬁ%earch Tool) at the
National Center i ical Informatio ith the use of, for e le,.default (i.e., initial
parameters). fﬁﬁf“%&% %nnégﬁ%g Blilr}é%flé%qﬁlﬁ{:fa%%ﬁglg%téa%gﬁ E;ac %nmktl%éfl stf/lr? %Cgfge%ased on
the sequgncgdpRImation ofiaE Qd NGl aeRQl? Nk 2atih @deition; it gamberpbtairedia the form
of a recombinant REIC protein by a gene engineering technique. Further, it can also be obtained
accordipbatothe desoriptiomscisiWo0i¢038828r theraRE|GrDNAveohtainddvmthelageridor intlucing
differentiation_from monocytes into denﬁgic cell-like cells, the_ agent for activating cancer immunity,

and thepREFHAE SRISAT cHRBBRIO ot Ea REEI T raNy U Peleitidh HEHin EffettBPHetivating
cancer ymmunity of, (e, preaentVERHOM i RN, AL 8NGR0EH ARIGEINEVIY dhe; aciMity;pf inducing

differentiation from monocytes into dendritic cell-like cells. Such DNA is selected from among the
following: exantples: DNA that hydositlizes under stirgRilconRditisnsd INANaving ayieesatide
sequence complementary to the nucleotide sequence shown in SEQ ID NO: 1; DNA having at least
85% oruiigtrerpnaRstabRAIUe T WA horel prafersbiy D89sed b cand paeitarar(ip pheferably
97% or higher.identity to the nucleotide, sequence shown. | Q ID NO: 1, which is calculated using,
for exa I EERSTIEASE (O AibrIRen Dotieh Toc) MR bl Cant o e o
Informatian, (it teeyss:-of; Sk £xamRle Befawieseiniiahiparametersl-acd DNAhat gagpdes a
protein comprising an amino acid sequence derived from the amino acid sequence of the protein
encode@’by thehagbraniéatiane toDNA iny ubsiduttaedetesbnvemd/oSadditiorNad one athinbre (1 to 10,
preferably 1 to 5, and more preferably 1 or 2) amino acid(s). Under "stringent conditions"” referred to

herein, faicekarshleshybridisticiislearfbd dlt e ix 5o@] o’Muwrgps. asdarshclumyet Hsre

Stringe[f\sa(iloonn(g}i%:‘asﬂtgri%&a %il% o?glijéaﬁv ifxqgi?né&osncﬁ% (y%hSeDuSsé %r%fj é}%%xampie, 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 (i 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 S8C, 0.1% SDS, and 42°C.



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 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 DNA that
encodes (g PiRIcHLSAONDIR SN G carr LS, PYDIRSSINN AGIVIY 0] Biducing diferentition
from monocytes into enlé%tlc cell-like cells” Used herein refers 1o activi Y that causés manocytes to
differentiatetistordendntin selolikeisedisnltis pessible tordetasbwhather rneh theadditipn ekthe REIC
protein results in the induction of differentiation into dendritic cell-like cells based on morphological
charactenisticécaddtive prisehce ofilsurfdoe aptigen®rSpetifically, sachedendritinosll-likel celis are
morpholagically characterized by their dendrites. Also, such dendritic cell-like cells are characterized in

that they HHEHETIHEE bE PBERNE 18 dinditfic CelltRERErO SIS W B 1haViep4bectfrt cb8s, and
HLA-DR, whi r rface antigen flow cytometry analysi EIC DNA can be obtained
from hlf%rr?ﬁr? %\fgig %E%%%lﬁls%&g%%o?{ﬁé fike %@g %%e%h{’%eoggau%e)r%% i{{nh%rr%%(t‘f)oé\nésof GES ?B’No: l. In
additionstib6an; Re pbiaineddn accordance with the descriptions in W001/038523. Further, the
present invention includes a vector comprising REIC DNA. The vector may be introduced into a
subject in order td expeapseseoREI@ proteirvin théusody df firesubjgonarfchexhibinthe effentsof
inducin%/giffe_rentiation,from monocytes into dendritic cell-like cells, effects of activating cancer

immunifS G ErEELs Bk tresitiy of i5eVBRIHE dShtET Basaatonthe e CRISERCHAMTY Eanker
MmN Wisteren AL O5AR EAARY, & JEIARKOSIR(DNA) g0 e il equeaddnig L aubieg! iy apgordance
with a conventional technique. Examples of techniques for Introducing a gene into a surbjec include a
methodda¥nlving thene Sermia psdsiNeiarandharmethad Jnyal\vingithe (4se: f sy ids Megtor.
Various techniques are known (Bessatsu Jikken-lgaku (Separate volume, Experimental Medicine),
|denshi<€HidyiseNesKisdgijats (B asic ttedhaiqeles for Gansstiterapy) tvodoshanCo. pEtdyriaes;
Bessatsu Jikken Igﬁlg%iaﬁsﬁ%farateﬂ\g)lum . Experimental Medicine), Idenshi donyu & hatsugen kaiseki
jikken-hS &€R5eri 1%¢ e Hitoaticaon e isg gredsiate dRanpbeio visabiHDass teriged 1997
and theb}aﬁﬁnr%gﬁi&ri\( Qf Gene, Thelany. 8. ldenshi.chi ih kenkyy handbook (the

- Handbook forlresearcr? and de\(/)élopmer?t o?%rgn%?ﬂg%p%i,}:soﬁ@r.(:Sﬁ.lflél%ég)l? il 3%%%%ﬁf§tive
examplésuafivitUscvpeits diseddondrene datiaduation inchide amadenoyinis Yask, @N§6, and .
adeno-associated virus vector, and a retrovirus vector. A target gene may be introduced into a cell by
introdudifgaltgathgeharmta aonNmEERNADYIAls Ystxtvas iydetekietted retrovirus, herpes virus,
vaccinia virus, poxyi liovirys, Sindbis vijrus, Sendai virus, SV40, or human immunadeficiency
virus (HIV), and in e@;i% heERIARith %aﬁ%ﬁdrgc%ﬁ'u%ﬂ’éﬁ? \9&[%’. hum H%‘ﬂlfﬁe(ﬁet#é B?%[éaﬁf?gsent
InventiofhiSiSed fOEARNERSFARYUSING GR(FUS) A0@JaNOVIHIS ¥EEOh ISPIElE B UsEtk M
adenovirus vector is characterized in that: (1) it can introduce genes into multiple types of cells; (2) it
can effierzntljantoducethedescdroioels attEparib s growth arrest; (3) it enables concentration via
centrifugation to yield high-titer viruses (10 to 11 PFU/ml or more); and (4) it is suitable for direct gene
introduction into H3&tREBES IATGIFE ! AR SHERBVIPGRIJSEBrecq e BER BIRAISy [IREA.  The

second-generation. adenovjrus vector prepared from the first-generati enaqvirus vector lacking the
s e e e R e B e P R B TR tiE £ or 4
region ipradiditioniia tha. EIE3iaeian (biehes. by 8ldloids ARk 4Qi 82464 rAR6,MizugHCN  H. & Kay,
M. A., Hum. Gene Ther., 10, 2013, 1999) and the third-generation adenovirus vector lacking
substanittalfirigit thd ladenovilys gérmmef (BUTEERS) (Steinwaerdey, BnS cfftak ,of. viealng’ 3y 9303,
1999) have been developed. The gene of the present invention can be introduced with the use of any

of suchPAEETYIVR-ISARSEloPe SHHBLUE Sar it AR HIBHNE GAREST iREHEERG-AAV hybrid vector to which
the capacity for incorporating the gene into the A omospme has been imparted (Recchia, A. et
al., Proc. Natl. Aggdg é?(ﬁﬂfj%ii’%gaéﬁi ,gfggg@%lffg,i 58%%%8?3%% ng cg%%b?esb rHecCE)rBlorating the

gene injedhei shromesome with ilie mae of i IERRSPaseMgaRe Mabmiacd 89 thatsughnegtor can be
applied to long-term gene expression. Also, a peptide sequence exhibiting tissue-specific

transfegititynto the i cldoip dfithe aderbvitus fideimah bedinsdited taimparbtissidesspecificity to the
adenovirus vector (Mizuguchi, H. & Hayakawa, T., Nippon Rinsho, 7, 1544, 2000). According to
the preS&RiHTEntih, W5 a@‘eﬁoﬁ?ﬁé%&ow%%pris}(%im CoOhAGRCEaREY KRG REIBessatsu

Jikken-Igaku (Separate volume, Experimental Medicine), Idenshi-Chiryo-No-Kisogijutsu
(Basic Technigues for Gene Therapy), Yodosha Co., Ltd., 1996; Bessatsu Jikken Igaku
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Alternatively, the target gene can be introduced into a cell or tissue using a recombinant expression
vector into which a gene expression vector, such as a plasmid vector, has been incorporated, without
the use of the above viruses. For example, a gene can be introduced into a cell via lipofection, calcium
phosphate coprecipitation, a DEAE-dextran method, or direct injection of DNA using a micro glass
tube. AlsQ,,31eeor RINANUEXRISSSION NREIIIE4), DRINCATRRAIAIRdenio:a.c8)l ¥iasiRr SXamRIe, gene
introduction using an internal liposome, gene introduction using an electrostatic type liposome, a
method/ Bspng iVdHiposarige a-methol crsingda mpeifigd AHyd:liposoriiedashatiien HV AV ESihosome
method), a method using an HVJ-E (envelope) vector, receptor-mediated gene introduction, a method

in whickdl phritieyunasigseaits aneobea N Aol deaissdirr aie kathess sty Band paetal
particle), direct i ro%u tion of naked-DNA, or gene introduction using yariqus t of polymers. In
such a @&Seﬁ%ﬁ@%&? rgosrsfgﬁe%% of’ ‘Egegglg) BB EVRGES f&glf%@’ by vé@t&cl)créuc’alrg %g);ress the target
gene in vivo. Examples of Sieh Yeriorns INGIUAR ©XRIESSIR Ve G s SHEM S RIAG GG 108,
193-200, 1991), pBK-CMV, pcDNA3.1, and pZeoSV (Invitrogen, Stratagene), and pVAX1 vectors.

A vectardeorniising=RiblC I Nl cmay: ade tuatiely egnprise aapibmeteroet rephancer. foAtrangeribing the
gene, poly A signal, a marker gene for labeling and/or selecting the cell into which the gene has been
introdué&ede anaHee likdraa ipteasecl IGTOWHIPERIBRACEIZsE gsael.into aTR¥ hetoRdBMprising
REIC DNA of the present inventiﬁ[n mag.be irglroduced into a sub%ect b&/ for example,lihe. in vivo
method WHEr&HT ' Hehe THEVSPEUE HOSHHE dirdtm, Kt sutked iito the nBdy o the exUiVd thethod
wherei g giyen\qellis gxrasted flam ahuma, agsas NSARRYECRIEALYS IrHRdueedinta,the cell ex
vivo, and the cell is then returned into the body (Nikkei Science, April 1994, pp. 20-45; Gekkan Yakuiji,
360), 2A8#48id9Me dikkevitigakhzadkarb{Exttavualsime, Experimental Medicine), 12(15), 1994; the
Japan Society of Gene Therapy (ed.), Idenshi chiryo kaihatsu kenkyu handbook, N. T. S., 1999).
Monocytes used ethBipredisneinhe iusrciidube pengheratbhieb as R RIORUBHAS  Hbnan
marrow-gerived monocytes, splenocyte-derived monocytes, and umbilical cord blpod-deriv

onoc T e Do SR B e R BT MR e niOhocytes
such ag R dpRrItive Q&@l@@q}ﬁ%sn%ﬁi?@@%ﬁ}ﬁ@ fromeadiving edy, argdnduser Ry dhe-RiHesprotein to
- differentiate-into dendritic cell-like cells, such monocytes can be collected by an FACS (fluorescent
activatédtcelt BerethaftowEytometet; orrthie; l{Be withahkeusernsktiteapresencecofrdDdatias &n index.
The animal species that is the origin of monocytes is not limited. Examples of animals that can be

used indieeERHRHIY Siersdd tnitel 1S mines Bigshamdists rappiEablgdogsiedmsss, pigs,
povneSulieRRRIAPAtR MaNkes N ymane OISO Ol S aRSTG CaLAORHANADAKAEACS can
dr %y a ods. S §

be carried out nown met an FACS or a flow cytometer, an FACS vantage (Becton,
Dickinsanr andl &ompany)., aitiA\GSsCatibui(Beetene Dickinsomant cioppamhefr daedikaean be
used. Monocytes can be cultured by a known technique for culturing human lymphoid cells. For a

culture switiohadomexteplé/ B3k rasenb@deymiadidmesudh sRPMitb48ced DMEM GaRbe Used.
Culture, may b rried out by adding an appropriate antipiotic, anim m, or the Jike to such base
el s 15 GoLS S GUEA e el ATadr PSRy B Bl HERod and flacks
can begelpetpdand usadidanendig /e RUllLe $0aley v aThBRIESSBRIVERION Nshydes a

method for ¢uituring Monocytes in vitro in the présence ofthe REIC protein and indlcing différentiation

from mopogytasiitie danditieaeliiiikegelisyinthesmethadiohthaipsesaitlipvantionadenexample,

culture may be carried out using monocytes at a concentration of 104 to 107 cells/ml with the addition

of the REIQprotbiR A & BOhdSkriatEREr 020N tgAhlal, 1. DENdritié. calid3pld§ % Ve imprsitant role in

the mechanjsms, of cancer immunity, inflammation, and the like in the living body. Dendritic cell-like
AP i thad bt 0

cells i %lptff)ddiff Sheats 6 fh% ﬁﬁ?@bﬁ&‘éﬁﬂ%&fﬁ?&i 5 1161%35 Wé&thdd euﬁ?e%ieﬁWn ntion are
morphological st 0.dendrlicieslls JaAcad o GM GSFrowRvShd be gyaghe dendrit
cell-like cells differ from such dendritic cells, and therefore they are novel dendritic cell-like cells.
Dendritie celt-likewaels induceskbit thie Rintd pratein and éngdandritic fhemsAln ddditione the tendritic
cell-like cells are positive for dendritic cell markers such as CD11 ¢, CD40, CD80, CD86, and HLA-DR.
In this fegardipeviddeheritd cell-likexdelBrof tHeapredent invntidnsean Be.classifiélo4s gensritic cells.

However, they are negative for. CDla, which is a dendritic cell marker, and positive for CD 14, for
o G S e aTE SARET LoobRet i B oo T BB Bt ep14

positive mangsyes wih stmulationsiindfieRE G i Qlein.tagfess iadrndiicsalliks difpgentiated
cells that havé been activated by the REIC protein (REIC activated monocytes with dendfitic cell
featuresypressior] he presenpinvienrtion encompasses: denditic selHikacalsindited fram BD14
positive monocytes by the REIC protein. Dendritic cell-like cells obtained via induction by the RE1C
protein can be used for cancer irnmunotherapy. Specifically, monocytes are collected from a subject,
the monocytes are cultured with the REIC protein; the dendritic cell-like cells are induced, 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
AdAendritiec call-like calle act iIn 2 Nnon-cancar-tyvvne-cnecific mannar and avert cancar immiinotharanaritie



Dendritic cell-like cells can be intradermally, subcutaneously, intravenously, or intralymphaticaly
administered. In addition, the REIC protein is thought te have a cytokine-like activity such that
the protein acts on cells in an extracellular manner so as to control cell differentiation. Therefore, it is
believed that the REIC protein widely functions in vivo in relation to immunity and inflammation. Thus,
the REIGHy elEiReardoNAenecadingihe samecanine agpinistenad de-aisubjees aseaniagentder inducing
differentiation into dendritic cell-like cells or an agent for activating dendritic cell-like cells for in vivo
use. TheRBIC\oteirrndbices Hendkitie zell-likergelts frsbubfedty X aGe8ult, the dendritic cell-like
cells systematically activate lymphocytes having anticancer activity in the subject, resulting in the
exhibition of caﬁ&éPﬂjdHfﬁJH’e%ﬁ@é@?%&@BFéﬁ%@n@éF@b‘%ﬁbﬁH%Crtﬁfl\‘?ﬂ%%émﬁMs@&écan be
used a nt,foractivating cancer immunity. Further, since the REIC protein-induced dendritic
cell-likjiaéh}g%%végégfgﬁear(immune effects, the REIC protein or DNA encoding the same can be used
as a pharmaceutigahearmpesiien fabeancak thesapy onprRYRBHOM{G gapgerdmmuynetherapeautic
agent). In such case, the REIC protein or DNA encoding the same may be administered alone. In this
case, theceffdursareexttibited ivcalnometandercty pezspecifio resnme v Alternstivelys i mybal
administered with a specific tumor antigen. In such a case, the effects can be exhibited in a

cancer 5P pESRE AP OTal B AN Gt L elr atROtrE At S pré I @Blerding to the
Present IheBipGitda LA RNl & HNRNBKRGANESL, ARG HERNGRN I ARSI aRPgIc cancer,

lympho eukemia, colon cancer, pancreatic cancer, anal/rectal’can hageal cancer, uterine
cancerJjragstieancar nadrengl Gantent kidkey cargen NeDalspelvic and sretayak gancern hiadder
cancer, prostate cancer, urethral cancer, penile cancer, testicular cancer, osteoma/osteosarcoma,
leiomyanatanthatsdd raypressi and acésoepithadionsarposéetcuite, bredstdander anadeldeemancer are
preferable. . The agent faor inducing differentiation from monocytes into dendritic cell-like cells, the

agent ORI CEREPIMGHY, SREYHE HhaTRSabEtnEF iampSEfoAdr Sahedrtifeldbs or

prevention haying the:pliechal AeRyaLNg, cances MBI, QLIE RIese @WTH%Q&WP [ises REIC
DNA, a vector comprising the BNA, or protein” encoded by the DNA, and a pharmacologically

acceptalde erwries \diuenl @rexcipiehbd), « Thedagentfordnducingvdifferestiatiopdromemenocytes

into-dendritic cell-like cells, the agent for activating cancer immunity, and the pharmaceutical

++composhisRifgr Baftertharsy Bripréveition havirigHelaffediioh agtipating canter immenitpof the

present inve tionlﬁ be a(?errgirlistered ina ariet}é of dosage forms. Exam ées of.d? age.forms
BN i B

include St AefininisPatiBR- Skt ad’s fatsiet, CXSRut, GraRtie towder S Sl 'shd BaFehteral
administatiane SHEM ASAUELON AP SUPRASIRRY. SREAYs By N AsAagephipd Ratc, — The
agent for inducing differentiation from monocytes into dendritic cell-like cells, the agent for activating
cancer smimunibscandythepharivaceuticat cobpositiopriovidadaén terdpyeotapreate atipre frating the
effect of activating cancer immunity of the present invention can be topically administered. For
examplé &5k E6RpHsitidrP can B BamiRtefEEtoV S SRE of KdRBRr VTRIFTECHDLY T6pFOVIMERNES effects
thereof, ferably, the.,agent of re ' tion s injected into.a lagalized cancer region
once of %\ZN%%CE%%% ﬁn)ieostgbrz%gls" Aglggcit%%i%’e ige%t"iméj grjﬁ%i\géjgghcaenr S/T;?ldr(')lgsci(f;;l %sn%trs%%%.’d therein.
The agephfardadycing giffesentiatianfrom monocytes into dendritic cell-like cells, the agent for
activating cancer immunity, and the pharmaceutical composition for cancer therapy or prevention
having the effeét ofeattivatingroanoer RTBUNIBINGE theapreskEauireénticongomprisepramatrerpa diluent,
and an excipient that are generally used in the drug manufacturing field. For example, lactose or
magneSTURISEarate tAR BENRE I Hs Be04riR S extipight 8F RILBTEtEPHy dvloghaiaimsl aglucose
solution,.or an isetonic,solution containi r.adjuvant is yse ) aquequs splution of an
miocton e e B e e B ool
polyalcehalbstchasiepylanealxedl, or a nonionic surfactant. Sesame oil, 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 ThetdosewariesdelpERdiny oh sl thptomscageybodioweight band othiecednditions.

A dose. of 0.001 mg to 100 mg may be administered at intervals, of several ) i
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 1s extracted
from a human, a gene therapeutic agent is introduced into the cell ex vive, and the cell is

then returned into the body (Nikkei Science, April 1994, pp. 20-45; Gekkan Yakuji, 36(1),
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days, several weeks, or several months via hypodermic injection, intramuscular injection, or
intravenous injection. The present invention is hereafter described in detail with reference to the
following examples, although the present invention is not limited thereto. Preparation of recombinant
human REIC protein A recombinant human REIC protein was prepared in the manner described

below. #3-Aplasmid epeodingine SulldengthaumamREN: gengwas nwadused nto ©HDgells via

electroporation. Thus, clones capable of stably expressing human RE1C were established. The cells
(107 cellsifatmtalpameeyoufitthent ihhapmtdird fie&aediurmi(@5467;:Bigre) pbontaindg Gkmi T.
L-glutamine and 8 p,M puromycin at 37C in the presence of 5% CO2 for 1 week during moderate
shakingS.‘Alé%' cell culture was collected by centrifugation at 2,000 rpm for 5 minutes. Then, the

supematant was ohiaNeA(I & Thersupsoaien g sonUlgad SLAGALISOR0 pm Ier 40

minutes. 3. The thus obtained supernatant was filtrated using a

TrasadingaBc @edsskhode TAHEDWRESINGH6 30004 lentechibaboratories)d3 ko JALLN sggin per unit
of bed volume) was added to the supernatant (IL). 5. The resultant was moderately rotated overnight
at 4C. ex@Gentafugatidn Waspedormed atdCatFO0 g fors thinateptoipblect TWkGNdasird 7. The
supernatant was removed. 8. TALON Resin was washed with 40 ml of a washing buffer (50 ml
sodium%%%%ﬁe?r@dﬁ?ﬁwmﬁﬂ)when specific monocytes such as CD14 positive monocytes

are collected from a living body and induced by the REIC protein to differentiate into
dendritic cell-like cells, such monocytes can be collected by an FACS (fluorescent
activated cell sorter), a flow cytometer, or the like with the use of the presence of CD14
as an index. The animal species that is the origin of monocytes is not limited.
Examples of animals that can be used include mammals such as mice, rats, guinea pigs,
hamsters, rabbits, cats, dogs, sheep, pigs, bovines, horses, goats, monkeys, and humans.
Isolation of a specific cell population by an FACS can be carried out by a known method.
As an FACS or a flow cytometer, an FACS vantage (Becton, Dickinson and Company),
an FACS Calibur (Becton, Dickinson and Company), or the like can be used.-

Monocytes can be cultured by a known technique for culturing human
lymphoid cells. For a culture solution, for example, a known base medium such as
RPMI1640 or DMEM can be used. Culture may be carried out by adding an
appropriate antibiotic, animal serum, or the like to such base medium. Culture vessels
used herein are not 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 ixn vitro in the
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 10% to 107 cells/ml 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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9. Centrifugation was performed at 4C at 700 g for 5 minutes. 10. The supernatant was removed. 11.
Steps-8 to 10 above were repeated three times. 12. TALON Resin and a washing buffer (15 ml) were
added thereto for resuspension. 13. TALON Resin (3 ml) was transferred therefrom to a gravity flow
column. 14. An elution buffer (15 ml) was added to the column for elution of an HIS-tagged protein.

Then, ahyman REIGRIQIInWas collegted 1 fhmeldatswas dialyzerhsipg 39 MM JisehiCl (pH
7.5) and 0.1 M NaCl1 so that the resultant could be subjected to FPLC (Fast Protein Liquid

Chromatognapivy) art 6 dhyehhlrpan | RESGrpratein dasdpurified! by iBRLE dMendLQ5/50G@EM doliinn, GE
Healthcare) under the conditions described below. Buffer Mono? buffer A: 20 mm Tris-HCI,(E)H 7.5,
0.1 M NACTVende Bufksid: e demdriticHrell-plier sl stiffqudegm such dendritic cells, an

therefore they are novel dendritic cell-like cells. Dendritic cell-like cells induced by
the REIC protein are in dendritic forms. In addition, the dendriﬁc cell-like cells are
positive for dendritic cell markers such as CD1l¢, CD40, CD80, CD86, and HLA-DR.
In this regard, novel dendritic cell-like cells of the present invention can be classified as
dendritic cells. However, they are negative for CD1la, which is a dendritic cell marker,
and positive for CD14, for which dendritic cells are generally supposed to be negative.
In the case of induction from CD14 positive monocytes with stimulation with
the REIC protein, it refers to "dendritic cell-like differentiated cells that have been
activated by the REIC protein (REIC activated monocytes with dendritic cell features)."
The present invention encompasses dendritic cell-like cells induced from
CD14 positive monocytes by the REIC pmtéin.‘ Dendritic cell-like cells obtained via
induction by the REIC protein can be used for cancer immunotherapy. Specifically,
monocytes are collected from a subject, the monocytes are cultured with the REIC
protein, the dendritic cell-like cells are induced, 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 is 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 stimuiating dendritic ceil-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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Flow rate: 1 ml/minute Flow amount: 70 ml Fraction size: 1 nil 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 YM550:(A4423 pilipere) was 4sedin, conFentate the. JeskiRnt 2L, Fhe dreteln
5

concentration was determined by Bradford's method. 22. The protein stock solution was preserved at
-80C before tse. Rreparation ofhuseds nmonacytesracelliiumanBBMGCs (peripherahhigiod ¢fionocytes)
were prepared from the blood of healthy donors by a standard method involving Ficoll-Paque

centrifugigienitAE el cbhiesforcratd el igets et o R IE 1 biE ke iigienane tHodvahe

pate e e G R R e
the same can be administered to a subject as an agent for inducing differentiation into
dendritic cell-like cells or an agent for activating dendritic cell-like cells for in vivo use.
The REIC protein induces dendritic cell-like cells in a subject. As a result, the
dendritic cell-like cells systematically activate lymphocytes having anticancer activity in
the subject, resulting in the exhibition of cancer immune effects. Therefore, the REIC
protein or DNA encoding the same can be used as an agent for activating cancer
immunity. Further, since the REIC protein-induced dendritic cell-like cells have cancer
immune effects, the REIC protein or DNA encoding the same can be used as a
pharmaceutical composition for cancer therapy or prevention (a cancer
immunotherapeutic agent). In such case, the REIC protein or DNA encoding the same
may be administered alone. In this case, the effects are exhibited in a
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/ieukemia, colon cancer, pancreatic cancer, anal/rectal cance;:,
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, lelomyoma, rhébdomyoma, 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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adhering to a plastic dish (subjected to incubation in a 10-cm dish at 37C for 2 hours) were used as
monocytes. In some experiments, CD14+ monocytes were separated using CD14-r
magnetic-activated cell sorting microbeads (MACS; MiltenyiBiotec). Purified CD14+ monocytes were
resuspended in LGM-3. Using flow cytometry, the purity was always found to exceed 95%. Treatment
of humandpanoeytes DN APBMGS,wakecuired apasehialhepresenadiehthe recombitant human
REIC protein (10 ug/m1) or GM-CSF + IL-4 (2 ng/ml each; R&D Systems). The cells were observed
with a phase confiiastgiotosoopelucing diier2shaivs:phase wontragtcmicrosdapiciimagdisi{ker Days 0,
2, and 7) of PBMCs cultured atone or in the presence of the recombinant human REIC protein or

GM-CSE:- 1197 g Baieia ShodvABA%h BHBRE K c2BEriBs Julats v berhgeanpidendioa
dashed-line rectangle in the image showing protein:free culture (Day 0), that.in the ima howing
cutore S R e e i O St T e T e
presenceQt s MnGafidnl Led(DRY Jdni8sRestvely. As.abwn iy thesfigure,imihe easgmimuhigh PBMCs
were cultured in the presence of the REIC protein, differentiation into dendritic cell-like cells was
observédsage fofhe ipelodntagelcidallicefisatepresarited bytddadritipaal:|kerndls prasidetentined for
each culture on Day 7. The percentage of all cells represented by dendritic cell-like cells induced to
differerftidt i (e GG R OPFIREATREIS! SrotBIFWAS LR TRRP 85 HEERTISS d WEI 6P P
Specific%IS!X1 idn gni{nd%L en(%ggt experiments, 5 randomly selected visual fields (100 cells each) for each
group ({lne pro%eln’-f%ee ?3 group, the human REIC protein group, and the IL-4+GM-CSF group) were
visually observed'rad gandrificigellike aatis:anhishonere maorrhelogicalitlaggrand.canfiimed to have
dendrites) were counted under a microscope on Day 7 after administration. Fig. 3 shows the results.
Dendritieltglithkergetlis mecotmetdforsaverahpercent, inthdlvash obculturecof RBMGS aton&rHowever,
the cells accounted for approximately 40% in the case of culture in the presence of the REIC protein,

and the R SEoRYe 8T ERRERM ABIPE0%sis e b ade BHBAIS fiMGE pHEsRHEOPERCSE +

IL-4. In it] ndritic eI-Iilé)e cells induc dg the REIC protein were marphelogically similar to
et G R S R AR R R e
alone ardmthie eregencesdlthe casermRinant dumandRizEle oteN(ep: 9Am 710 jig/m1) or GM-CSF +
IL-4 (2 ng/ml each). Cells were observed with a phase contrast microscope. Peripheral blood

mononuclear celfssterebtpripogedndiomdequytes ant hntiphasytgscledomeratdodeterdinenadtich cells
were induced to differentiate into dendritic cell-like cells, it was, attempted to induce dendritic cell-like
differerffitih W5 CH4 PHIRTE HIBRDE) e idSrom BISTHEALERRE IFINBRSEDRES I8 Pesence of
commeygially availaple anti-CD14 antibody-conjugated beads with the addition of the human REIC
protein. Fig. 4 shows the results of induction of dendritic cell-like differentiation from CD14' cells. As
shown in fig. 4, thadnatstiofn phaandrisicicklrbke dilferentiation ynasebsetvettexclisively iee the CD14
positive monocytes. As shown in the figure, the number of cells induced to differentiate increased
dependitligsoihthasesm dentastivinor ghee REL O prowity adad dhaberaiaety g Bompes REICIprotein was
found to have § ffects of inducingéden ritic cell-like %iiffereftiati.on from perié)heral blood monocytes (CD
14 posﬁf% 1N la%aﬂ?’orﬁ),rti%eevﬁé T BRI ﬁe%lE % § s%%@%%?\%le%énﬁ%?%gt@ lIB‘I%t analysis
PBMCs wetg: featad yithdhe AumanREIG pratein (10,ighaR 105 M GRi a?iéLgé‘n@d?%“HL&?‘Ch) and
then washed twice with phosphate buffered saline (PBS). The cells were lysed in a cell lysis buffer (50
MM HERES: (Athg . A)a250enMiNaGE1d% N&-48atpil] DiETosk mdViniSEivnigfmlaeretinime2 mM
Na3VvO4, 1 mM NaF, and 10 mM 3-GP) for protein extraction, followed by centrifugation. Thereafter,
the protéfifl iAstAS SUFErABRIMIRIES el dstelith ad Tuentitesicahsdhnatioalfspeasnlalpariptent. The
resultapst Wanslcdils%tle iV\ﬁthcéa)lgtg}(?fuivalentt mou(r?u of a2 x SDS samEIe buffer and pe{ated 95C for 5
minutes.af’%e samr]JJIe protein: ok i%g r\5\(/)asezgtp"i|o ied %8%?3%?65%’ %@Ggueq(,ﬂfglksﬁvgdgori/ 8 egf}oblotting
on a polywinvidinediaredide 4R YREHDERARNE.FisaaBloting m@%@g&@@ QHhhIaTIRmperature
for 1 hour with the use of TBS containing a 10% skimmed milk powder, 6% Glycine, and 0.1%
Tweena2G:]ddie hroteiiy Washidentifiedsysiogyée i 0@0yialt ditutednabbit polfeienal astdanmarn REIC
antibody (Abarzua F. et al., Cancer Res. 2005 Nov 1; 65(21): 9617-22), an anti-phosphorylated Statl
(Try701y 8PRsbaY (20 11¢, 1d6iisigredliag areeHNdISYY- i dnds pheeboliyrietr seaisbensprs) antibody
(#91311)),{3 ggdl% a ti-phpa@? lated éta%S {ngﬂf)‘@”ti?ﬂdy (#9351). After sufficient washing with
TBS contal mgcd). %’ Tiveen- (EP-a?[ §), the Obidined Al were treated with a horseradish
peroxidase-bou%@emgarva%@bgggém@ngufﬁﬁie%ﬂ[waﬁﬁed a%i%,h Eaﬁgsuyfa@%weqr@/ GoIRE
development by an enhanced chemiluminescence detection method (ECL kit, Amersham Pharmacia
Biotechpnditiotig. Bishowsote@lits of activElibmaf :8dA B pefiphenaldio gt enarierufcieasaélls with
the addition of the human REIC protein. The increased expression of phosphorylated STAT-I (Tyr),
phosphorylated STAT-3 (Tyr), and phosphorylated STAT-5 (Tyr) indicates activation of these proteins.
The activation of such proteins is thought to be imgortant for hemocyte differentiation. That is to say,
the findings obtained by



- the western blot method strongly suggest that the REIC protein has the ability to induce hemocyte
differentiation via intracellular STAT signals. In addition, the pattern of the action of the RE1C 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 cytometry suggest that the addition of
the REIgapsoteit eduseskifleinsbicion:ub s diiic: gpliddencelis; differnaninompesitiva gestioh dendritic
cells. Flow cytometry analysis Cell culture was terminated with the addition of cold PBS and then
cells wereisteledhonsicel $6£100- minutes, followed by incubation. Subsequently, the cells were
resuspended using a Pasteur pipette and then recovered. Adherig%cells were recovered via trypsin

treatment and mix88 WHF oM RERS. ThaTEREtastibedel) 56105 COiR) IRASERIEURAtEa on ice for

60 min ith t P ' e ibodi h_diluted 5-fold with PBS (100 ul). The
PE-conLj%ﬁg%?géH Egg%ﬁcﬁéggugﬁg%ﬁgﬁe?ﬁ ‘I\’A}%re g‘g%gf’? %ﬁ%iﬁ# %%%é%fg%%g), CD1a (12-0019),
CD40 ($2:04R90:CH18R {d2rH3a8) Hu83 R120§38)e D86 (12-0869), and HLA-DR (12-9956)
(eBioscience). PE-conjugated immunoglobulins G (IgG) (12-4714, 12-4732) with the same isotype
were used as nedativecconitroly. AfterindUbdtignotelts werepwashed onckeavitinmt ofer8Sahd
resuspended in 500 ul of PBS. Subsequently, 104 cells were collected using an FACSCalibur flow
cytomet¥t {Becton Dickinson), followed by analysis with the use of CellQuest software (Becton

Dickinsen). An apateRtiae 246 s Made hased AN lnvard seaet pater shagiicdaiie cels

Then, only the cells found insi e gate were a s exhibiting a mean fluorescence
index (M1} waluel greataitham that exdlibitadby ganrolgelisinculptedswithacentiokaotivegy of the
same isotype were designated as positive cells. Dead cells were removed based on propidium iodide
(PI) staitsiag iskedis ahbifocsatterChardsteristivel Asvanesultiof @l stainingomioréisamediennt cells
were foré@g to have survived. Endocytosis of FITC-labeled particles The abave cells were

recoverse and résFe iU AUR B g ondBntrdih 618 R A 68 Shshidt iREBIISES 2E T E Comjuated
dextrangaQaig. X HICIGDAY Py wanrldedda o miefie suseensian SbseauRaly. the
cells were incubated at 4C or 37C for I hour. The cells were washed twice with 1 ml of cold PBS. Then,
104 cells)liaredlitained vging do-ACSOadlibnilofv:cytaniateeand analyzed byealluastseftware,
Figs. 6A and 6B show results of flow cytometry analysis of dendritic cell-like cells that were induced to
" differentiai@ingdi #he-addition of the human REIC protein. Flow cytometry was performed using

cells shgwn in enclosed area in fig. 6A. The enclose was estahlished such that it had the
followin% two_c#aﬁr%éilé%?&}é%%rﬁ é‘ff&iﬁ%ﬁ%?&%‘&xgl @fa&gﬁar‘?‘?%f E]é’uée%gag dPdLiiitn; and it allowed the
clear monitoring-pf depdrifis Aala inhe.aroup teatednuithlluds GMrESE Sening epoposiive
control. In the chart on the right side in fig. 6A, "CD11c" refers to a bone marrow-derived
leukocyt® Mdrkeadapen-fymiskpbcyte marker). In addition, "CD 14" refers to a monocyte or
macrophage marker. Further, "DX FITC" refers to FITC-tagged dextran; this substance is often used
for evalfration o%%eoﬁﬂ%ﬁé?té’ﬁ@(mog}%}%?}ééﬁ&éﬁ?tﬁf%ﬂI@c%éQfe?M&ﬂ%‘?m per _W’Hérefore,
cells th%pglgeé%quuc d.to dif erantiate with thet%g%@%rl_of the REIC protein are more similar to

me) wds d € Supern . .- . . -
monocyte-derived cells fhan bone marrov??eu?(ocy rived dendritic cells induced with the addition of

IL-4 + GM-CSFri aldifian: W%Qﬁaaar@eﬁﬁmgfﬂd@dcsue&h%ﬁ@% having the ability to phagocytize a
foreign body/antibody substantially comparable to that of dendritic cells. In addition, in fig. 6B,
"CD | abrefers fecatdénghiicrcethmpekirthad istthdUight 16be ifurofvediinttsetprasidataffod ofd
non-peptidic antigen (e.g., lipid antigen). Further, "CD40" refers to a dendritic cell marker that is a
receptdr"®f'the CD40 ligand (having an ability to induce dendritic cells even when used alone). "CD80"
refers tg a denolllci_}jicsg1 Iém%%éé‘ggg Ij(is?g}aggg_ht to be involved together with CD86 in the presentation of

antigens to T lymphocytes. refers to a dendritic cell marker and is used as a mature dendritic

cell magker. "CD86 yeferetona dendritichee! wnarkes and iy used.asiap ipyratursdenddtgieall marker.
"HLA-DR" refers a dendritic cell marker and is strongly expressed during dendritic cell differentiation.
phosphate, 600 mM NaCl).

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

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

17



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 results, in
addition to the above results, it was found that the addition of the REIC protein results in the induction
of differentiafiepsafflendritic 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 thdBwere ihduded Witk th@ addition ohls@r&Mh€SFrom to alfeveésults showmin.fig. 6 indicate
that anticancer immunity can be activated by causing dendritic-like cells induced by the human REIC

protein bhd the REFIHRALIANES (Areltyss ofdedindme watmedior citespbrASeageesFDC) to
have im r{)(%\élend i_”ﬁi‘éo aanggen IE)E%%%%;::gtr%%is/antibod I{;)re:;‘,gentation capacity. Determination of

tumor-suppressive Effedts Of the pro LRSS VVS & periments RM9 cells (1 x106 cells)

were subcutanegyisly injecied H}H?M%W%ﬁqIWQ*{%L-Q@R?I@7?5%&&@1%1&5}@&@ and, 4o after
injection (provided that Day 7 was designated to be the day of the start of administration of the REIC
proteinyhthe: REIG protaih {4 6Gb]stg 306 hirt))(Or IRBSPBOE il). Lipad ahm aontiglapyas)uniformly injected
into each tumor formed from the cells. On Day 21, mice were sacrificed. Therapeutic effects upon

subcutdrfeous thffolsimarefimmiad: i Bnyasnssfics: miiBhE 23t i HetdrmmemrigEr shows
in vivo imental protocols. Tumor size was measured several days after the above operation.
Tumor %%?r{% %%Ssué%st%riﬁé% %)yn#%tei%gﬁﬁ‘zv?/lsﬁél ggrr]?ué}éj:“ftlz X (minimum diameter)2 x (maximum
diameteg)frer  Fig. 8A shows time-dependent changes in tumor volume after treatment. In addition,
fig. 8B shows the volume of tumors collected from the mice. Further, fig. 8C shows an image of a
tumor celtecied-fudier shmittisenAsishdWh pHigs, 8AItdBEadtiwas possible to suppress tumor growth
via administration of the human REIC protein. Determination of effects of increasing anticancer
immun@%ﬂ@;ﬁ&f@feﬁ?@@ﬁfb@hﬁﬁ&n%r&éyfbfy% sday Splenocytes were collected from
mice o&ggg}rgténife r aititleu.by the method shown in fig. 7 (on Day 14 after the start of administration
of the protieinf.1 he spFenocytes were used as effectors and cultured with RM9 cells (target cells)
on a rognsisbottem 06rwvell plate. The effector/target ratio (Err ratio) was 100:1, 50:1, 25:1, or 12.5:1.
Target cells were added to wells (5x103 cells each). The supernatant was collected. Lactate
dehydrégetiase velsaked from lysed RM9 cells was examined by nonradioactive cytotoxicity assay
(CytoTox96, Promega). The lysed cell percentage was calculated by the following formula. (Release

during éxperimEMEHISH" SFBEMESHE rdEasP i ShedivtsyERissintIAt réldasd ot g
Spontaneeys [eleagse of IERIX 199 ORhay profilf: %ﬁi\Oaxhaéﬂ&éﬁsgﬁ%@%%stggn%cgnC?r cell
immune activity of mouse splendcytes upon 9 ceﬁs. s shown In fig. 9, when the fc protein was

adminigtered dheyereeptage oftiysad. cells increased depending on the effector/target ratio.
Accordingly, it was revealed that the REIC protein has an effect of increasing anticancer cell immune

activity 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 (peripheral 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 lymphocyte growth medium-3; Lonza). The cells
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In this Example, data are represented by the mean + SEM. An unpaired Student's t-test was used for
statistical analysis involving 2 groups. Statistical significance was assumed when the p value was <
0.05. Induction of dendritic cell-like differentiation from peripheral blood mononuclear cells with the
addition of the human REIC protein Comparison among a group treated with the REIC protein, a
group treated. with IL-4,alone,.a group treated with GM-CSF alope, a with IL-4 +
O bt e S e A B R e cens
inducedy@diffesantiatednchiees10, the Matisab axiadeRrespnts the pescentage oigellsradth dendritic
cell-like features (the percentage of all cells represented by dendritic cell-like cells that were
morpholobitdllyiapgetanectonficrhedltoshavezdendrites)d T HibIdllS wWehidt wistuBllyteount@datfirandom
with a microsgope on Day 7 after the addition of the relevant substance. As shown in fig. 10, the
degree bfiddudheRSH HikererfistT MRS ariBriic Meil-likd caNs Prineyios e dhsdRbI T Auman
REIC pratein was statistically significantly greater (shown with "*") than that in the group treated with
IL-4 aloféiewgﬁa %%%?h%xé?gﬁsg%réated with GM-CSF alone. Accordingly, the ability of the human
REIC proteinteipduee hxmanferipberal 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 2B M Cytekine )caldns:dSpkcificailyinthadymanrRE | G piluteincisnstpperibritoneytokines
such as IL-4 and GM-CSF in terms of induction of differentiation into dendritic cell-like cells and has
greater B&afalREYSih Al sueidyekired: aivity lotiddutiig brrshe Ldibhanits Redctiolhfithlthe use of
CD4+ T cells (lym hg%t&ts i%gg@gg}{&'éil%e cells_induced with the addition of the human REIC protein
n

Ere ouserve k 4 S 1CIrosCope .. e 1
In order 16 6valuate an anticancer |mmun|tyn}unct|onpof REIC protein-induced dendritic-like cells,

evaluation of actiyity of isgleing RakallentaliegeninraasHinn wilik the ase DhizDd T ceflg (nyghocytes)
was conducted. On Day 0, CD14' monocytes were collected from peripheral blood mononuclear cells
with theRis&16%MidtoBdads (Mittenyi Bioter)storceolié dtionref@ididanmbnoeptdt: KhetiararrREIC

protein and IL-4 + GM-CSF.- were separately added thereto, On Day 7, the different cells were collected
and desitMatettad REfC plodl:ind iedg detartit MRt iéehh S 1S £ OTESRRBE FI Tt G8LF ritic cells

(positiv rol),.r iyely. ition, : ¥ er | cpll d from
periphe?gﬁ%%(;a(? r@ngél%%ﬁc}@% rc%%gc%l%a %‘oﬁgr%ﬁ%/gées%%%é%%ﬁe? ?rgo?nﬁ(t%hﬁz% g‘ﬂ gy do ’(;et?ltg% dendritic
~ cells with e usef MisreBeaas (Miliemyé Bietearvisedorguitegtior:of R4 T sedshé chemsical
substance (CFSE), which emits fluorescence, was added to the CD4+ T cells at a concentration of

0.05 turipfeliewd vypguliureratifoohs erapseturé OVEGRuteB-for ConYabelirigreabetéd celis were
used as allo naive, CD4+ T cells, Similarly, on Da 4+ T cells (1 x 105 cells) were cocultured on a
ount DB OB BTG vt e R PSS MLt B TES dBILToPoR G Ll per welh
or the lids t GGSFasluced Aeneic oels (& 252108.cRlisngs walldarg positive control

CFSE-labeled CD4+ T cells were cultured alone for a negative control. Coculture was carried out for 4
days in an incubdlbe upderatdiiredonditierd Of 3Bt darfve preseheelolidVe E0Zkand 95%veas On Day
11, the number of CFSE-positive lymphocytes in a random visual field was determined under a

microscépermiged 1fehspdhtraiasaien Day g, 111 8aobssapieRERT srbtemintirissratsttiic-like

cells (REIC/DKk-3 )havetﬂeab'litt ause.CD4+ T cells to grow via coculture, with increase in
the numiBF Of Eon LA SEEAols SUTRTCE oo o e ot S o e

control grauly I, adgitign, it has beean dssaonsiateddhat such ability is statigticall.cumparakle to that

of IL-4 + GM-CSF-induced dendritic cells used for a positive control. Specifically, in this Example,
dendritié-like del$yinalmacdbyithalhlrids REICq@ibteincand thee REIGprotdithcanaemeias 4-very
useful means for improvingi anticancer immunity and treating cancer in clinical practice, as in the case

of treatdi@RPwile ILmamESE gty SREBSPYChdbstiir Mobitdadiieyr) WeraIREE protein
has bee foundio fiave the folowing efferts WD CmPared Wit b A)Y.A4 QHR 65 fafegyIokines
conventiona |y nown to have immune activation effects.

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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(1) The REIC protein causes anticancer immune activation and thus exhibits antitumor effects even
when used alone. (2) The REIC protein itself is characterized in that REIC gene expression is
absent/reduced in many types of cancer and therefore REIC protein formulations are effective for a
wide range of cancers. (3) The REIC protein causes anticancer immune activation and thus it can be

expectegh ig; pave igiaiiect oL IMRRANg Motanly 3 106alzpe cangerlesianfreatsd. inarowity but also a

cancer metastatic lesion, and to have the effect of preventing cancer (metastasis). (4) Simultaneous

adminisifation of theageotefltheduesentinentior and aifferent existing cancer antigen protein can
cause systematic anticancer immune activation via the induction of differentiation into dendritic(-like)
cells, allowing prévahfiosediscandihdiehaseniisslf THe REC pIotd slmbeusethadeeeennsesl
immuno heracpeutip ag J publicatiﬁns, atents, and patent applications cited herein are

ool REePe) PERe RN BB ke L GhE 0d O QB e ol o B
manufagturg of g medicapent for fraating.or, praventing cancer by, inducing dg@g{gﬂé&%ﬁiow&an

monocytes into dendritic cell-like cells and activating cancer immunity throug endritic cell-like
cells, wheieinibRRELGIS: &)@ pwigiosednsisting,abihe-aming agish sestiesse shawsrieSkES ID NO:

2; or (b) a protein consisting of an amino acid sequence derived from the amino acid sequence shown
in SEQIBwOiE bybétibssiliorrdehstidonaddhiorsitnenes drorerinind bbikis)ed Hawing the
cctty ot indyelng diferendaton fom mepocyies o denduc cel e sell 2The e agegrang
from CD14 negative lymphocytes in the presence of commercially available anti-CD14
antibody-conjugated beads with the addition of the human REIC protein. Fig. 4 shows
the results of induction of dendritic cell-like differentiation from CD14" cells. As
shown in fig. 4, the induction of dendritic celi-like differentiation was observed .
exclusively for the CD14 positive monocytes. As shown in the ﬁgufe, the number of
cells ingiuced to differentiate increased depending on the concentration of the REIC
proteiﬁ ‘added. Accordingly, the human REIC protein.was found to have effects of
inducing dendritic cell-like differentiation from peripheral blood monocytes (CD14
positive). In addition, the effects were exhibited in a dose-dependent manner.
Western blot analysis
PBMCs were treated with the human REIC protein (10 pg/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, I mM DTT, I mM PMSF, 5 pg/ml aprotinin, 2 mM Nas;VOy, 1 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 ug) 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
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monocytes. 3.Use of a REIC DNA for the manufacture of a medicament for treating or preventing
cancer by inducing differentiation from monocytes into dendritic cell-like cells and activating cancer
immunity through the dendritic cell-like cells, wherein the REIC DNA is: (a) DNA consisting of the
nucleotide sequence shown in SEQ ID NO: 1; or (b) DNA that hybridizes under stringent conditions to

DNA copsistingneffaauelanlide Srauanaegampiamsiapsiodhe Nusirplidesadrencesewiyin SEQ
ID NO: 1 and encodes a protein having the activity of inducing differentiation from monocytes into
dendriti¢/deiklike Eeks. 4. Thause decordifg tdiclaim 85 (@erdin thie Bjoaacytesdrespbeoiptiexal blood
monocytes. 5.Use of a vector containing a REIC DNA for the manufacture of a medicament for treating

or preventifly CHrcE! byAiRRI g @itfeténtictibroiial N8 nbeshus ined Wty iad ceorrb vl sthd
S R B R B T A
stringent:ggnditions @ DA ReNSISHASHE @ Ruslepide spaupnce Gomplementary tatpe gygleotide
sequence shown in SEQ ID NO: 1 and encodes a protein having the activity of inducing differentiation
from mohocytes ivésdeadriticated-likehcelisr &deshse ancoldindg tomdaset Sy dvne rein théweaodor is an
adenové@fsﬁgfecggg} washed with T-TBS, followed by color development by an enhanced
chemiluminescence detection method (ECL kit, Amersham Pharmacia Biotech).

Fig. 5 shows results of activation of STAT in peripheral blood mononuclear
cells with the addition of the human REIC protein. The increased expression of
phosphorylated STAT-1 (Tyr), phosphorylated STAT-3 (Tyr), and phosphorylated STAT-5
(Tyr) indicates activation of these proteins. The activation of such proteins is thought
to be important for hemocyte differentiation. That is te say, the findings obtained by

~ the western blot method strongly suggest that the REIC protein has the ability to induce
hemocyte differentiation via intraceliular STAT signals. In addition, the pattern of the
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 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
each diluted 5-fold with PBS (100 ul). The PE-conjugated antibodies used herein were
CD1l1c (12-0116), CD14 (12-0149), CDla (12-6019), CD40 (12-0409), CD80 (12-0809),
CD83  (12-0839), CD86 (12-0869), and HLA-DR (12-9956) (eBioscience). .

-PE-conjugated immunoglobuling G (IgG) (12-4714, 12-4732) with the same isotype
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7.The use according to claim 5 or 6, wherein the monocytes are peripheral blood monocytes. 8.Use of
an agent for inducing differentiation ationonocytes into dendritic cell-like cells comprising, as an active
ingredient, a vector containing a REIC DNA for the manufacture of a medicament for treating or

preventing cancer by inducing differentiation from monocytes into dendritic cell-like cells and activating

cancer ipmupity thonghihe dendite Ceﬂf‘rﬁé&éiﬁ‘éﬂ%a&’ié&%r@@l&%@@l&&@é\ dcd ) NASPEBisting of

the nucleotide sequence shown in SEQ ID NO: 1; or (b) DNA that hybridizes under stringent
conditioPB ScaRINA aepsisiing iaf A audlestidESsequance eamplamentayte iheduceatideseguence
shown in SEQ ID NO: 1 and encodes a protein having the activity of inducing differentiation from
monocyté<interdibartiecsliectallsBactire Diekirtunting tovetdirysavahprsivtie tectorcishn

adenovi ector. 10.The yse according to claim 8 or 9, wherein the monocytes are peripheral blood
monocy@m‘i‘?m ot ¥ ﬁa‘ﬁan%l PPositiV@ m&&&a@t%w@wﬁ@e B ge iR cell-like

o SRS Lo T AL e e
or were analyzed. The cells exhibiting a mean fluorescence index (MFI) value greater

than that exhibited by control cells incubated with a control antibody of the same isotype
were designated as positive cells. Dead cells were removed based on propidium iodide
(PI) staining results and/or scatter characteristics. As a result of PI staining, more than
99% of cells were found to have survived.
Endocytosis of FITC-labeled particles

The above cells were recovered and resuspended at a concentration of 5 x 10°
cells/ml in cold PBS. FITC-conjugated dextran (50 pg; DX FITC; FD40; Sigma) was
added to 0.5 ml of the suspension. Subsequently, the cells were incubated at 4°C or
37°C for 1 hour. The cells were washed twice with 1 ml of cold PBS. Then, 10° 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 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, "CDI14"
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.



(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. 12.The method
according to claim 11, wherein the monocytes are peripheral blood monocytes. 13.Dendritic cell-like

differentiated celispwhiehDavabegninducedhin diffeigntiate fEAM.IORNGY IS activaied by the REIC
protein by the method according to claim 11 or 12. 14. The dendritic cell-like differentiated cells

accordiRgt0 clproted8, whichnasecpesitiviefor € D &y @ R40::GRE0, €86 HAh AtDRe anchGDE4 and
negative for CDl1a. 15. The dendritic cell-like differentiated cells according to claim 13, which are

found térEkprEsS dRTigst necediliicnat bk press D 1atht B feveriea < tianttat %%‘r@gged it dendritic

cells that have been induced from monocytes with the use of GM-CSF. and IL-4 when antigens on the
ol oo e R R e B e e e A T oy o

prevention hayingtheeiiech Al ARHvaling CANCes IMMURIBLIIGH cargprising, as an active ingredient,
the dendritic cell-like differentiated cells according to any one of claims 13 to 15.

In addition, in fig. 6B, "CD1a" refers to a dendritic cell marker that is thought
to be involved in the presentation of a non-peptidic antigen (e.g., lipid antigen).
Further, "CD40" refers to a dendritic cell marker that is a receptor of the CD40 ligand
{(having an ability to induce dendritic cells even when used alene). "CD80" refers to a
dendritic cell marker and is thought to be involved together with CD86 in the
presentation of antigens to T lymphocytes. "CD83" refers to a dendritic cell marker
and is used as a mature dendritic cell marker, "CD86" refers to a dendritic cell marker
and is used as an immature dendritic cell marker. "HLA-DR" refers a dendritic cell
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 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 11.-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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SEQUENCE LISTING <110> Momotaro-Gene Inc. <120> A pharmaceutical agent for inducing

dendritic cell like cells from monocytes and enhancing anti cancer immune activity <130>

PH-3857-PCT <150> JP 2008-086516 <151> 2008-03-28 <160> 2 <170> Patentin Ver. 2.1 <210> 1
<211> 1053 <212> DNA <212> Homo sapiens ‘cn

RMY cells (1x10° cells) were subcutaneously injected into mice (C57BL6,
male). On D_ays 7,9, 11, 13, 15, 17, and 19 after injection (provided that Day 7 was
designated to be the day of the start of administration of the REIC protein), the REIC
protein (100 pg (300 ul)) or PBS (300 pl) used as a control was uniformly injected into
each tumor formed from the cells. On Day 21, mice were sacrificed. Therapeutic
effects upon subcutaneous tumors were examined, and anticancer immune activity was
determined. Fig. 7 shows in vivo experimental protocols. Tumor size was measured
several days affer the above operation. Tumor volume was obtained by the following
formula: 1/2 x (minimum diameter)’ x (maximum diameter),

Fig. 8A shows time-dependent changes in tumor volume after treatment. In
addition, fig. 8B shows the volume of tumors collected from the mice. Further, fig. 8C
shows an image of a tumor collected from a mouse. As shown in figs. 8A to 8C, it was
possible to suppress tumor growth via administration of the human REIC protein.
Determination of effects of increasing anticancer immune activity of the REIC protein
via in vitro cytolytic assay

Splenocytes were collected from mice or conirol 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 (510> cells each). The supernatant was
collected. Lactate dehydrogenase released from lysed RM9 cells was examined by
nonradiocactive 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 results 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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<220><221> CDS <222> (1) .. (1053) <400> 1 atg cag cgg ctt ggg gcc acc ctg ctg tgc ctg eta ctg gcg
gcg gcg48 Met Gin Arg Leu Gly Ala Thr Leu Leu Cys Leu Leu Leu Ala Ala Ala 151015 gtc ccc acg gcc
CC gcg ccc gcet ccg acg geg acc tcg get cca gtc96 Val Pro Thr Ala Pro Ala Pro Ala Pro Thr Ala Thr Ser
Ala Pro Val 202530 aag ccc ggc ccg gct ctc age tac ccg cag gag gag gcc ace ctc aatl44 Lys Pro Gly

Pro Alageud Seed ygﬂf’[gﬁ{ﬂl@gé@gﬁla Thr Leu Asn 354045

In this Example, data are represented by the mean + SEM. An unpaired
Student’s t-test was used for statistical analysis involving 2 groups. Statistical

significance was assumed when the p value was < 0.05.

[nduction of dendritic cell-like differentiation from peripheral blood mononuclear cells
with the addition of the human REIC protein

Comparison among a group treated with the REIC protein, a group treated with
IL-4 alone, a group treated with GM-CSF alone, and a group treated with IL-4 +
GM-CSF was carried out in terms of the percentage of all cells represented by dendritic
cell-like cells induced to differentiate. In fig. 10, the vertical axis represents the
percentage of cells with dendritic cell-like features (the percentage of all celis
represented by dendritic cell-like cells that were morphologically large and confirmed to
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 treated with IL-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
(lymphocytes) in dendritic-like cells induced with the addition of the human REIC

protein
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gag atg ttc cgc gag gtt gag gaa ctg gtg gag gac acg cag cac aaal92 Glu Met Phe Arg Glu Val Glu Glu
Leu Val Glu Asp Thr Gin His Lys 505560 ttg cgc age gcg gtg gaa gag atg gag gca gaa gaa get get get
aaa240 Leu Arg Ser Ala Val Glu Glu Met Glu Ala Gin Gin Ala Ala Ala Lys 65707580 gca tea tea gaa
gtg aac ctg gca aac tta cot coo ago tat cac aat288 Ala Ser Ser Glu Val Asn Leu Ala Asn Leu Pro Pro

Ser Tyr His Asn 859095 459 A08A8GACH GBEREH AAG A998 Aal Aabacerate 6% 8ig pagdd$ Glu Thr
Asn Thr Asp Thr Lys Val Gly Asn Asn Thr lle His Val His 100105110

dendritic-like cells, evaluation of activity of inducing an allo (allogenic) reaction with
the use of CD4™ T cells (lymphocytes) was conducted. On Day 0, CD14" monocytes
were collected from peripheral blood mononuclear cells with the use of MicroBeads
(Miltenyi Biotec) for collection of CD14" monocytes. The human REIC protein and
IL-4 + GM-CSF were separately added thereto. On Day 7, the different cells were
collected and designated as REIC protein-induced dendritic-like cells and 1L-4 +
GM-CSF-induced dendritic cells (positive control), respectively. In addition, on Day 7,
CD4" T cells were selected and collected from peripheral blood mononuciear cells of a
donor whose HLA-DR differed from that of a donor of dendritic cells with the use of
MicroBeads (Miltenyi Biotec) used for collection of CD4" T cells. A chemical
substance (CFSE), which emits fluorescence, was added to the CD4" T cells at a
concentration of 0.05 um, followed by culture at room temperature for 5 minutes for cell
labeling. Labeled cells were used as allo naive CD4™ T cells. Similarly, on Day 7,
CD4" T cells (1 x 10° cells) were cocultured on a round bottom 96-well plate with the
REIC protein-induced dendritic-like cells (6.25 x 107 cells per well) or the IL-4 +
GM-CSF-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 celis being statistically more significant (represented by "*") than that in the
case of the confrol group. In addition, it has been demonstrated that such ability is
statistically comparable to that of 1L-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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cga gaa att cac aag ata ace aae aac cag get cga caa atg gtc ttt384 Arg Glu lle His Lys lle Thr Asn Asn
Gin Ala Arg GIn Met Val Phe 115120125 tea gag aca gtt ate aca tot gtg gga-gac gaa gaa ggc aga agg
age432 Ser Glu Thr Val lle Thr Ser Val Gly Asp Glu Glu Gly Arg Arg Ser 130135140 cac gag tgc ate
ate gac gag gac tgt ggg ccc age atg tac tgc cag 480 His Glu Cys lle lle Asp Glu Asp Cys Gly Pro Ser

Met Tyr,Cys. G 14 103160ttt gee age tic.cag fe gc cag cca tge egg ggc cag agg atg528
Phe Ala Ser Phe Giﬁ}'?;gr 'Thr Cys Glgn POro Cys Arg G?%?%ﬁr?i’rg Met 165170175 etc tgc ace egg gac agt

gag tgc tgt gga gac cag ctg tgt gtc tgg576 Leu Cys Thr Arg Asp Ser Glu Cys Cys Gly Asp Gin Leu Cys
Val Trp

Industrial Applicability

The REIC protein has been found to have the following effects when compared
with [L-2 and a group of many cytokines conventionally known to have immune
activation effects.
(1) The REIC protein causes anticancer immune activation and thus exhibits antitumor
effects even when used alone.
(2) The REIC protein itself is characterized in that REIC gene expression is
absent/reduced in many types of cancer and therefore REIC protein formulations are
effective for a wide range of cancers.
(3) The REIC protein causes anticancer immune activation and thus it can be expected to
have the effect of improving not only a localized cancer lesion treated therewith but also
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 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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180185190 ggt cac tgc ace aaa atg gee ace agg ggc age aat ggg ace ate tgt624 Gly His Cys Thr Lys
Met Ala '[hr Arg Gly Ser Asn Gly Thr lle Cys 195200205 gac aac cag agg gac tgc cag cog ggg ctg tgc
tgt gee ttc cag aga 672 Asp Asn Gin Arg Asp Cys Gin Pro Gly Leu Cys Cys Ala Phe Gin Arg
210215220 ggc ctg ctg ttc cot gtg tgc ata ccc ctg coo gtg gag ggc gag ctt720 Gly Leu Leu Phe Pro-Val
Cys lle Pro Leu Pro Val Glu Gly Glu Leu 225230235240 tgc cat gac ccc gee age egg ctt ctg gac etc

ate ace tgg gag eta768 Cys His Asp Pro AIaCSfLIAI\r/{gSLeu Leu Asp Leu lle Thr Trp Glu Leu 245250255

1. Use of a REIC protein for the manufacture of a medicament for treating or
~ preventing cancer by inducing differentiation from monocytes into dendritic cell-
like cells and activating cancer immenity through the dendritic cell-like cells,
wherein the REIC is:
(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 celis.

2. The use according to claim 1, wherein the monocytes are peripheral blood

monocytes.
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gag cot gat gga gee ttg gac cga tgc cot tgt gee agt ggc etc etc816 Glu Pro Asp Gly Ala Leu Asp Arg
Cys Pro Cys Ala Ser Gly Leu Leu 260265270 tgc cag ccc cac age cac age ctg gtg tat gtg tgc aag cog
ace ttc864 Cys Gin Pro His Ser His Ser Leu Val Tyr Val Cys Lys Pro Thr Phe 275280285 gtg ggg age
cgt gac caa gat ggg gag ate ctg ctg ccc aga gag gtc912 Val Gly Ser Arg Asp Gin Asp Gly Glu lle Leu

Leu Pro Asg Glu /al 2902053801568 98t 9R0 1a5,0A3. 91995 205 4R 219 9A% 9RY.016,£09,020 gag 960
Pro Asp Glu Tyr Glu Val Gly Ser Phe Met Glu Glu Val Arg GIn Glu 305310315320 ct§ gag gac etg gag

agg age cRJSEHE §a8°aToPy 5 g ' g toba BLTEnn Ay e BIiPK § Beritisucthr Glu Glu Met

Ala Leu GlykGluells and activating cancer immunity through the dendritic cell-like cells,
wherein the REIC DNA is;
(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.

4. The use according to claim 3, wherein the monocytes are peripheral blood
monocytes.
5. Use of a vector containing a REIC DNA for the manufacture of a

medicament for treating or preventing cancer by inducing differentiation from
monocytes into dendritic cell-like cells and activating cancer immunity through
the dendritic cell-like cells, wherein the REIC DNA is:

{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.

6. The use according to claim 5, wherein the vector is an adenovirus vector.

7. The use according to claim 5 or 6, wherein the monocytes are peripheral

blood monocytes.

8. Use of an agent for inducing differentiation from monocytes into dendritic
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325330335 cot gcg get goo goo get gca ctg ctg gga ggg gas gag att tag1053 Pro Ala Ala Ala Ala Ala
Ala Leu Leu Gly Gly Glu Glu lle 340345350 <210> 2 <211> 350 <212> PRT <213> Homo sapiens
<400> 2 Met Gin Arg Leu Gly Ala Thr Leu Leu Cys Leu Leu Leu Ala Ala Ala 151015 Val Pro Thr Ala
Pro Ala Pro Ala Pro Thr Ala Thr Ser Ala Pro Val 202530 Lys Pro Gly Pro Ala Leu Ser Tyr Pro Gin Glu
Glu Ala Thr Leu Asn 354045

cell-like cells comprising, as an active ingredient, a vector containing a REIC

DNA for the manufacture of a medicament for tieating or preventing cancer by

inducing differentiation from monocytes into dendritic cell-like cells and

activating cancer immunity through the dendritic cell-like cells, wherein the

REIC DNA 1s:

{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 differéntiation from

monocytes into dendritic cell-like cells.
9. The use according to claim 8, wherein the vector is an adenovirus vector.

10.  The use according to claim 8 or 9, wherein the monocytes are peripheral

blood monocytes.

1. A method for inducing CDI14 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.

12, The method according to claim 11, wherein the monocytes are peripheral

blood monocytes.
13. Dendritic cell-like differentiated cells, which have been induced to

differentiate from monocytes activated by the REIC protein by the method

according to claim 11 or 12.
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Glu Met Phe Arg Glu Val Glu Glu Leu Val Glu Asp Thr GIn His Lys 505560 Leu Arg Ser Ala Val Glu
Glu Met Glu Ala Glu Glu Ala Ala Ala Lys 65707580 Ala Ser Ser Glu Val Asn Leu Ala Asn Leu Pro Pro
Ser Tyr His Asn 859095 Glu Thr Asn Thr Asp Thr Lys Val Gly Asn Asn Thr lle His Val His 100105110
Arg Glu lle His Lys lle Thr Asn Asn GIn Ala Arg GIn Met Val The 115120125 Ser Glu Thr Val lle Thr

Ser Val Gly Asp Gl qgﬁcﬁ%ﬁ@eﬁ—rﬁk%e&&ép&ﬁﬁtég cells according to claim 13, which
are positive for CD1lc, CD40, CD80, CD86, HLA-DR, and CD14 and negative
for CDla.

15, The dendritic cell-like differentiated cells according to claim 13, which
are found to express almost no CDla 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 IL-4 when antigens on the cell surfaces are analyzed by flow

cytometry.

16. A pharmaceutical composition for cancer therapy or prevention having the

effect of activating cancer immunity, which comprising, as an active ingredient,

the dendritic cell-like differentiated cells according to any one of claims 13 to
15.
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His Glu Cys lle lle Asp Glu Asp Cys Gly Pro Ser Met Tyr Cys GIn 145150155160 Phe Ala Ser Phe GIn
Tyr Thr Cys Gin Pro Cys Arg Gly GIn Arg Met 165170175 Leu Cys Thr Arg Asp Ser Glu Cys Cys Gly
Asp Gin Leu Cys Val Trp 180185190 Gly His Cys Thr Lys Met Ala Thr Arg Gly Ser Asn Gly Thr lle Cys
195200205 Asp Asn Gin Arg Asp Cys Gin Pro Gly Leu Cys Cys Ala Phe Gin Arg 210215220 Gly Leu
Leu Phe Pro Val Cys lle Pro Leu Pro Val Glu Gly Glu Leu 225230235240 Cys His Asp Pro Ala Ser Arg
Leu Leu Asp Leu lle Thr Trp Glu Leu SEQUENCE LISTING

<110> Momotaro~Gene Inc.

{120> A pharmaceutical agent for inducing dendritic cell like cells from
monocytes and enhancing antil cancer immune activity

{130> PH-3857-PCT

<150> JP 2008-086516
<1bl> 2008-03-28

160> 2

<170> Patentln Ver. 2.1
<2100 1

211> 1053

<212> DNA

' <213> Homo sapiens

(220>
<221> (DS
<222> (1).. (1053)

400> 1
atg cag cgg ctt ggg gce acce ctg ctg tge ctg cta ctg geg geg geg 48
Met Gin Arg Leu Gly Ala Thr Leu Leu Cys Leu Leu Leu Ala Ala Ala

1 9 10 ib

gre cce acg gec cece geg cee get ceg acg geg ace ftog get cea gte S6
Val Pro Thr Ala Pro Ala Pro Ala Pro Thr Ala Thr Ser Ala Pro Val
20 25 30

aag ccc gge ccg get cte age tac cog cag gag gag goo ace ote aat 144
Lys Pro Giy Pro Als Leu Ser Tyr Pre Gln Glu Glu Ala Thr Leu Asn
35 40 45

gag atg ttc cgc gag gtt gag gaa ctg gig gag gac acg cag cac aas 192
Glu Met Phe Arg Glu Val Glu Glu Leu Val Glu Asp Thr Gln His Lys

ttg cgec age geg glg gaa gag atg gag gea gaa gaa get get get aaa 240
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245250255 Glu Pro Asp Gly Ala Leu Asp Arg Cys Pro Cys Ala Ser Gly Leu Leu 260265270 Cys Gin
Pro His Ser His Ser Leu Val Tyr Val Cys Lys Pro Thr Phe 275280285 Val Gly Ser Arg Asp Gin Asp-Gly
Glu lle Leu Leu Pro Arg Glu Val 290295300 Pro Asp Glu Tyr Glu Val Gly Ser Phe Met Glu Glu Val Arg
Gin Glu 305310315320 Leu Glu Asp Leu Glu Arg Ser Leu Thr Glu Glu Met Ala Leu Gly Glu
325330335 Prp Ata AlasAla Ale AldbAlaNssu Heu Gl Gly Gl Gllelld 340345850

65 70 75 80

gea tea tea gaa ghtg aac ctg gea aac tta cet cee age tat cac aat 288
Ala Ser Ser Glu Val Asn Leu Ala Asn Leu Pro Pro Ser Tyr His Asn
86 90 g5

gag acc aac aca gac acg aag gttt gga aat aat acc atc cat gtg cac 336
Glu Thr Asn Thr Asp Thr Lys Val Gly Asn Asn Thr Ile His Val His
160 _ 105 110

cga gaa att cac aag ata acc aac aac cag get cga caa atg gte tit 384
Arg Glu Ile His Lys Ile Thr Asn Asn &ln Ala Arg Gln Met Val Phe
115 120 125

tca gag aca gtt atc aca tet gtg gga gac gaa gaa gge aga agg age 432
Ser Glu Thr Val Ile Thr Ser Val Gly Asp Glu Glu Gly Arg Arg Ser
130 135 140

cac gag tge ate ate gac gag gac tgt ggg cee age atg tac tge cag 480

~

‘mﬁis Glu Cys Tle Tle Asp Glu Asp Cys Gly Pro Ser Met Tyr Cys Gln
145 150 155 160

tit géc age itc cag tac acc tge cag cca Lge cgg gge cag agg atg 528
Phe Ala Ser Phe Gln Tyr Thr Cys Gln Pro Cys Arg Gly Gln Arg Met
165 170 175

cte tge ace cgg gac agtl gag tge tgt gga gac cag cig tgt gte tgg 576
Leu Cys Thr Arg Asp Ser Glu Cys Cys Gly Asp Gln Leu Cys Val Trp
180 185 _ 150

ggt cac tge ace aaa atg gee ace agg gge age aat ggg ace ate tgt 624
Gly His Cys Thr Lvs Met Ala Thr Arg Gly Ser Asn Gly Thr Ile Cys
195 200 2056

gac aac cag agg gac tge cag ceg ggg ctg tge tegt geo tte cag aga 672
Asp Asn Gln Arg Asp Cys Gin Pro Gly Leu Cys Cys Ala Phe Gin Arg
210 215 220

ggc ctg ctg ttc cet gtg tge ata coe ctg cec gtg gag gge gag ottt 720
Gly Leu Leu FPhe Pro Val Cys Ile Pro Leu Pro Val Glu Gly Glu Leu
225 230 23b 240

tge cat gac cece gec age cgg ctt ctg gac cte ate ace tgg gag cta 768
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Asp

gag
Glu

geg
Ala

210> 2
<211> 350
212> PRT
<213> Homo sapiens

<400> 2

Met
1
Val

Lyvs

Gln

Pro

Pro

Glu Med

Leu Arg

65

50

Asp

gat
Asp

cee
Pro
275

agoe

Ser

gag
Glu

gac
Asp

get
Ala

Arg
Thr
Glv

35
Phe

Ser

Pro

gga
Gly
260

cac
His

cgL
Arg

tat
Tyr

ctg
Leu

gee
Ala
340

Ala
245

goe
Ala

age
Ser

gac
Asp

gaa
Glu

gag
Glu
325

goe
Ala

Leu Gly

5

Ala Pro

20
Pro

Ala

Arg Glu

Ser

ttg
Leu

cac
His

caa
Gln

gtt
Val
310

agg
Arg

get
Ala

Ala
Ala
Leu

Val

Ala Val Glu

70

Arg

gac
Asp

age
Ser

gat
Asp
285

gEC

Gly

age
Ser

gca
Ala

Thr
Pro
Ser
Glu

55
Glu

Leu

cga
Arg

ctg
Leu
280

gEE
Gly

age
Ser

ctg
Leu

ctg
Leu

Leu

Ala
Tyr

40
Giu

Met

Leu Asp
250

tge cet
Cys Pro
265

gtg tat
Val Tyr

gag atc
Glu Tle

tic atg
Phe Met

act gaa
Thr Giu
330

ctg gga
Leu Gly
345

Leu Cys

10

Pro Thr
25

Pro Gln

Leu Val

Glu Ala
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Leu

tgt
Cys

gtg
Val

ctg
Leu

gag
Glu
315
gag
Giu

EEE
Gly

Leu

Ala

Glu

Glu

Glu
75

Ile

gee
Ala

tge
Cys

ctg
Leu
300

gag
Glu

atg
Met

gaa
Giu

Leu
Thr
Glu
Asp

60
Giu

Thr

agt
Ser

aag
Lys
285

CCC

Pro

gtg
Val

gcg
Ala

gag
Glu

Leu
Ser
Ala

45
Thr

Ala

Trp

ggce
Gly
270

CCg

Pro

aga
Arg

cge
Arg

ctg
Leu

att
Ile
350

Ala
Ala

30
Thr
Glin

Ala

Glu
255

cte

Leu

ace

Thr

gag
Glu

cag
Gln

g8E
Gly
335

tag

Ala

15
Pro
Leu
His

Ala

Leﬁ

cte
Leu

tte
FPhe

gte
Val

gag
Glu
320

gag
Glu

Als
Val
Asn
Lys

Lys
80

816

864

912

960

1008

1063



Ala
Glu
Arg
Ser
His
145
Phe
Leu
Gly
Asp
Gly
225
Cys
Glu
Cys
Val
Pro
305

Leu

Pro

Glu
Glu
130
Glu
Ala
Cys
His
Asn
210
Leu
His
Pro
Gln
Gly
260
Asp

Glu

Ala

Ser

Asn
Ile
115
Thr
Cvs
sSer
Thr
Cys
185
Gin
Leu
Asp
Asp
Pro
2758
Ser
Glu

Asp

Ala

Glu
Thr
100
His
Val
Ile
Phe
Arg

180
Thr

Phe
Pro
Gly
260
His
Arg
Tyr

Leu

Ala
340

Val

=h
Asp
Lys
Ile
Tle
Gln
i6h
Asp
Lys
Asp
Pro
Ala
245

Ala

Ser

Glu

Glu
325
Ala

Asn

Thr

Ile
Thr
Asp
150
Tyr
Ser
Met
Cys
Val
230
Ser
Leu
His
Gln
Val
310

Arg

Ala

Leu
Lys
Thr
Ser
135
Glu
Thr
Glu
Ala
Gln
215
Cys
Arg
Asp
Ser
Asp

2066
Gly

Ala
Val
Asn
120
Val
Asp
Cys
Cys
Thr
200
Pro
Tle
Leu
Arg
Leu
280
Gily
Ser

Leu

Leu

Asn Leu Pro

90

Gly Asn Asn

105
Asn

Gly
Cys
Gln
Cys
185
Arg
Gly
Pro
Leu
Cys
265
Val
Glu
Phe

Thr

Leu
345

GIn
Asp
Gly
Pro
170
Gly
Gly
Leu

Leu

Asp
2b0

Pro,

Tyr
Ile
Met
Glu

330
Gly
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Ala
Glu
Pro
155
Cys
Asp
Ser
Cys
Pro
235
Leu
Cyvs
Val
Leu
Glu
315

Glu

Gly

Pro
Thr
Arg
Glu
140
Ser
Arg
Gln
Asn
Cys
220
Val
Tle
Ala
Cys
Ley
300
Glu

Met

Glu

Ser
Ile
Gln
125
Gly
Met
Gly
Leu
Gly
205
Ala
Glu
Thr
Ser
Lys
285
Pro
Val

Ala

Glu

Tyr
His
110
Met
Arg
Tvr
Gln
Cys
180
Thr
Phe
Gly
Trp
Gly
270
Pro

Arg

Arg

Ile
350

His

95
Val
Val
Arg
Cys
Arg
175
Val
Ile
Gln
Glu
Glu
255
Leu
Thr
Glu

Gln

Gly

335

Asn
His
Phe
Ser
Gln
160
Met
Trp
Cys
Arg
Leu
240
Leu
Leu
Phe
Val
Glu

320
Glu



