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‘CHHCEDN @CTt he | nvention The present invention relates
to a drug containing a |actoferrin hydrolysate
m xture, a partial peptide ol  lactoferrin that can be
isolated fromthe lactoferrin hydrolysate m xture or
a partial peptide of lactoferrin that can be prepared
by chem cal synthesis oppkRgrbik8y Which have an
action of enhancing cytotoxic activity of an antibody
drug in an anti body therapy of cancer, as an active
Din r?die?t. Nbr& preci sely, the present invention
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sensibility to an antibody drug of cancer cells
havi ng resistance to the antibody drug. Related Art
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to an antibody drug of cancer cells having resistance to

the antibody drug.

Related Art

The mechanism for antibodies to recognize a specific
antigen and eliminate foreign substances out of organisns
have long been studied. Immunoglobulin preparations are
well known as application of antibodies to therapeutic
treatments. However, they have problems such as
insufficient titer and contamination of unknown infection
sources.,

The invention of the monoclonal antibody preparation
technique by Milstein and Kohler brought breakthroughs in
various antibody technigues. Today, in the so-called post-
genome era, specific genes of tumor cells and pathogenic
factors and expression products thereof are being
successively elucidated. The antibody technigques are
greatly contributing to development of research methods

targeting them and therapeutic methods by utilizing them.




Mor eover, further advancenent of the anti body

techniques in future is being strongly expected and
attracting attentions. Antibody drugs targeting:

mal i gnant tunor have strikingy advanced in the field

of nolecular target therapy. Only two ki nds of

anti body drug products have been approved in Japan so
Mb%%ov@%mef%&thQErEﬁ%&hﬁeﬁ?ﬂwnofa@hbbgﬂ¥1gﬁﬁgcfégﬁhﬂgﬁes in
at | east those agai nst mal 1 gnant ;
fHEarBR1sCheingastrengyyl eyerctedl andemitarac€b8g, attentions.

cut ARG RRREY, AFESPobRERr b pante  Bapot Eipos have

sitikiipled v Eﬁ@hﬂﬁ&d(hﬂ kHeokYRed BWlmd4rcubheashrgancer

HER2/ neu itheliom (EG--R, VEGF), colon cancer
theyapx . Y B9 ok 1ngs c@mt%w&r% dbreddeks have
r ef; pat u
okl sRbRBER b 8beh rel BHER | e P (Rl el

amtlibgdgniirigevincladghby fibaee khods agaimmsbamhii§nant
are_considered. That is, the first are mechanisns in

1ypPbAma (fBACantEAcRResCBEAd AEUEesHYPAREeRPUAR] PRkERLA
(EBA8Y, eglsts) eRELALR iyﬂpﬁbéye&s iLaRSAL LT BEDED, 18B20),

tunor cell tfo cause The second are
aﬁﬂ@haﬁwmnhoﬁmtmhléhUKhmlaeKCQQBorCDéDLsCDEEMIrmphtiple

roph , - NK cel | Xi t|n in or
mBIEnR" 1981 8 et Tbe. finkzal  BEeafn, CafePT ClgR2/neu)
epiithgefomat (REEYR! eRBEFPNScofl EARYeKI tivtm ERAPY
cells by the C¥tOtOXIC activity thereof. The third

O¥AEiABCHRARFSHS Fﬁlaﬁ?cﬁn@héocﬁﬂﬁtbnéﬁ@rc%ﬁ%@hbﬁtsr¢ﬁer to
Ngﬁgﬁgkéﬂﬁ ﬁggggggge ?ntlbodles bi nding to tunor cells
y

anti gen-anti body’feactions. And they induce
cyt ot Bxi the agdt bon hyechah bwss caf {raddwayn aiody drugs

activatio at hways of the conplenment. systemto kill .
2BRAOFEBRLLBRARE T BAMER o BPEIRLY oPRFof KRB it dRgchanisms

afecuBRBiddredaManh£RNCE! PAL I £ St COHS Und @V En PERE in which,
survived by the ~devel opment of antibody drugs.
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cell death. The second are mechanisms in which the
effector cells (neutrophil, macrophage, NK cell etc.)
éxisting in organisms recognize antibodies binding to tumor

cells by antigen-antibody reactions. And they kill the

tumor cells by the cytotoxic activity thereof. The third

are mechanisms in which the complement components in
organisms recognize antibodies binding to tumor cells by
antigen-antibody reactions. And they induce cytotoxic
action by a classical pathway among activation pathways of
the complement system to kill the tumor cell (for example,
refer to Non-patent document 2).

Many cancer patients could have been survived by the
development of antibody drugs. However, reports have shown

many cases where a treatment with an antibody drug had




3 becone difficult due to recurrence of malignant

tunors acquiring resistance to the antibody drugs in
the process of performng the treatnents.

Accordi ngly, conbination thBrapies with a

chenot herapeuti ¢ agents have been exam ned. However,

t hey have problens such as restriction of treatnents
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development of a technique improving cytotoxic activity of

the complement system against malignant tumor having
resistance to an antibody drug has been desired.

Lactoferrin is a nonheme iron binding glycoprotein
which exists in milk, saliva, tear, sperm, various mucus
and so forth of mammals, and is a multifunctional protein
having iron adsorption action, cell growth promoting action,
immunoregulatory action and antimicrobial action. Bovine
lactoferrin can be easily obtained in a large amount from
- raw skimmed milk or cheese whey routinely handled in dairy
factories and can be readily utilized as a commercial
product.

Lactoferricin (registered trade name of the applicant
of the present invention) is a novel peptide isolated from

an enzymatic hydrolysate of bovine lactoferrin by the




an enzymatic hydrol ysate of bovine lactoferrin by the
4 inventors of the present invention for the first
time (for exanple, refer to Patent docunent 1).
Lactoferricin isolated fromgbovine |actoferrin has,
for exanple, the am no acid sequence of SEQ ID NO 2.
Lactoferricin is an extrenely useful substance that
exhibits an antimcrobial action at a low . )
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as a safe and effective antimicrobial agent in a wide

variety of commercial products such as eye drops, buccals,
cosmetics, skin lotions, therapeutic food and products for
pets, and thus has an extremely great wvalue.

Concerning the anti-tumor effect of lactoferrin, an
antitumor drug (Patent document 2), parenteral antitumor
drug (Patent document 3), cancer metastasis inhibitor which
is to be orally administered (Patent document 4) and so
forth have been disclosed so far. These techniques all
utilize effect of lactoferrin directly acting on tumor
cells, and the effects are different from the antitumor
effect attributable to enhancement of cytotoxic activity of
an antibody drug in an antibody therapy. which draws
attention in recent cancer therapy. That is, it has been

unknown that a lactoferrin hydrolysate mixture or a partial




attention in recent cancer therapy. That is, it has
been wunknown that a lactoferrin hydrolysate m xture
or a partial 5 peptide of lactoferrin have an effect
~ of enhancing cytotoxic activsi,ty of an anti body drug
in an anti body therapy of cancer, in particular,
anti body therapy of drug- resistant cancer. [ Patent
docunment 11 Japanese Patent No. 2818056 [ Patent
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SUMMARY OF THE INVENTION

An object of the present invention is to provide a
highly safe drug which causes no adverse reaction and has
an action of enhancing cytotoxic activity of the antibody
drugs in the antibody therapies of cancer, in particular,
drug-resistant cancer, food or drink containing the drug
and a method for enhancing cytotoxic activity of the
ahtibody drugs.

While paying attention to techniques for more
effectively enhaﬂcing cytotoxic activity of antibody drugs
leading to improvement of treatment results, the inventors
of the present invention considered that, if we could
enhance the sensibility of target tumor cells to the
antibody drugs, the cytotoxic activity of the complement

system should be sufficiently exhibited even if resistance




anti body drugs, the cytotoxic activity of the

conpl enent system should be sufficiently exhibited
even if resistance 6 to the antibody drug is confirned
in a patient with malignant gt unor, and assi duously
conducted research and developnment. As a result, they
found that a lactoferrin hydrolysate m xture and a

peptide that could be isolated fromthe Lac%ofer in
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antitumor effect of lactoferrin, in the antibody therapy
considered to be particularly effective for cancer for
which almost no effective therapies or drugs have found so
far and, and use thereof.

The first invention of the present invention that
achieves the aforementioned object is a drug for enhancing
' cytotoxic activity of the antibody dxrugs in the antibody
therapies of cancer, which comprises a lactoferrin
hydrolysate that can be obtained by hydrolyzing lactoferrin
with a hydrolytic enzyme and has an action of enhancing
cytotoxic activity of the antibody drug in an'antibody
therapy of cancer as an active ingredient.

The aforementioned first invention may be
characterized by the following 1) to 6) as preferred
embodiments. |

1) The aforementioned hydrolytic enzyme is pepsin.




characterized by the followwng 1) to 6) as preferred
enbodi nents. 1) The aforenentioned hydrol ytic enzyne

is pepsin. 7 2) The degradation rate of the

af orenenti oned lactoferrin drolysate is 6 to 20%

3) The aforenentioned | actoferrin hydrolysate has a
number average nol ecul ar wei ght of 500 to 5000. 4)

The af orementioned cancer is any one of breast cancer,
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ingredient: (a) a peptide having the amno acid
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invention is a method for enhancing cytotoxic activity of
an antibody drug in an antibody therapy of cancer using the
antibody druyg, wherein fhe aforementioned lactoferxrin
hydrolysate is administered to a patient.

The second invention of the present invention that
achieves the aforementioned object is a drug for enhancing
cytotoxic activity of an antibody drug in an antibody
therapy of cancer, which comprises any one type or a
mixture of two or more types of the following peptides of
(a) to {d) as an active ingredient:

(a) a peptide having the amino acid sequence of SEQ ID NO:
2;

(b) a peptide having the amino acid sequence of the amino
acid numbers 36 to 60 in the amino acid sequence of SEQ ID
NO: 1, which includes substitution, deletion, addition or
inversicon of one or more amine acid residues, and having an
.action of enhancing cytotoxic activity of an antibody drug

in an antibody therapy of cancer;




NO. 1, which includes substitution, deletion, addition

or inversion of one or nore am no acid residues, and
havi ng an .action of enhancing cytotoxic activity of

an anti body drug in an anti@Qdy t herapy of cancer; 8

(gq) a peptide having the am no acid sequence of SEQ ID
NO 3; (d) a peptide having the am no acid sequence

of the-amno acid nunbers 36 to 61 in the am no acid
tehuereepbidSEGYINg Ndre Janim dcidclagiesnice of SEQ ID NO:
ubstitution, deletion, addition or inversion of one

of nore am no acid residues, and having an action of

edhad et Tdd HDxig agid nidhdPfaciit FigROBE FUGhe Bmino
an_anti body therapy of cancer. The aforenentioned

A MBRAEHt It el bl Witaramdiner iagdd ppauence of SEQ ID
ﬁdﬂ'fwwéﬁkéﬁ f fﬁdéESJH6§é¥éﬁ%1on?”%% b %%?'a%hi¥ggn or
af orenenti oned cancer 1s any one df breast cancer,
Broatdidy nphame e neateo ranciaec @lcidB)reli@ues, and having an
af orement i oned cancer is a cancer having resistance

FFLAT A i BIRP U CTHP tatd Gt i Shednadiitdhody drug

AN E G vodP iR pRdd Wante@f, an antibody drug is
.an action of ‘increasing sensibility of target tunor
cel | s the Efersmeniddpedr ggcondotiheentibodinagnbeof the

e d.0 secaon i,nvent i IS e of th
a %Eaeﬁe%ﬁzgggjypg&el %é’ IEgeing, ggu&f’i g 8f Pﬁg%erred
eafbardEmitisaned drug. Furthernore, another enbodi nent

of the aforenentioned second invention is a method

oI hen rdpdieng ndyiosesk iCanger ¢St fR¥f OBR Akt PEBEFL @RDgeT.
j_| j f r using the
e, R B o ey of 1t he

&f fhemafiorened t lloacdocancer hgdaobysate having resistance
t%(jmniste e%'t%_agpatient. Furthernore, the present

Cn & RS 8 gvi’de&¥ food or drink conprising the drug

9f Thie adbooea@prtiionrad abitish 8F enhancing cytotoxic

activity of an antibody drug is an action of increasing
sensibility of target tumor cells to the antibody drug.

Another embodiment of the aforementioned second
invention is use of the aforementioned peptide for
production of the aforementioned drug. Furthermore,
another embodiment of the aforementioned second invention
is a method for emnhancing cytotoxic activity of an antibody
drug in an antibody therapy of cancer using the
aforementioned antibody drug, wherein the aforementioned
lactoferrin hydrolysate is administered to a patient.

Furthermore, the present invention provides food or
drink comprising the drug of the aforementioned first or
second invention.

The third invention of the present invention that
achieves the aforementioned object is food or drink
comprising a lactoferrin hydrolysate that can be obtained

by hydrolyzing lactoferrin with a hydrolytic enzyme and has




second invention. The third invention of the present

i nvention that achieves the aforenentioned object is

food or drink conprising a |actoferrin hydrol ysate

that can be obtained by hydrolyzing lactoferrin with

a hydrolytic enzyne and has 9%an action of enhanci ng

cytotoxic activity of an anti body drug used in an

anti body therapy of cancer, which is attached with an
iandiacdtioon ofhanhtahe ihgodyeot8xidkab8iv$e¢ ofOhn antibody
nhanci nq cytotoxic activity of an antibody drug used
5Pgaﬁsﬁﬁtﬁé08? PRELEPYY oF heBRRYEr of TRRNEBUF t Which is
BRaehkgn t LAV i 0 h achi eves the
aforenentV%Egdggbﬁgg?sgglgﬁdﬁgétfg?éaﬁéo%n?¥b TRk 1S used
ther aphantivancetetekichacohyt t¥est aah agh Of®6dY Ndrug used

rolysate, that can be obtai ned by hydrol yzi ng
PégtgPePPlﬁboaytﬁﬁﬁrﬁyﬂrﬁfy??%p%ﬁzyne and an anti body

drug ash@ctbyethi NEvaet £ e TR hal tRRed fQunth ¢
i nvention may be characterized by the oﬁlomnng )
fghigyessthpe epEpremenehonetl mimtent 10y ahirug for an

ty ydr o Lc.enzyne is pepsin. 11) The .
eI BIBD: LOSELPD L Ll SRV SR o aliprorran
hydrolysate that ¢an 800obinte B HRIIMYANRA 1actoferrin
laftOf%%§é£é$ drolysate has a nunber average-

FbHachl %T'r’cc JFRETER ARG @I antFbonyk drug as active
a@reMesitoned anti body drug is an anti-CD20
anti body, anti-HER2 nonocl onal anti body or anti-17-1A

(humarfhaurdionesieattddnedi ttoeldital ioekhtadhesagnbbact or)
At df T S PETEILEEE] 30585 Fridini
emhwehineat0f the present invention that achieves the
fﬁf”fﬂg”géé¥§%L£¥¥3§2H azdiog;%gcfg;z;ge is pepsin.

11) The degradation rate of the aforementioned lactoferrin
hydrolysate is 6 to 20%.

12) The aforementioned lactoferrin hydrolysate has a number
average molecular weight of 500 to 5000.

13) The aforementioned antibody drug is an anti-CD20
antibody, anti-HER2 monoclonal antibody or anti-17-12a
(human tumor-related epithelial cell adhesion factor)
antibody.

14) The aforementioned cancer is a cancer having resistance
to an antibody drug.

The fifth invention of the present invention that
achieves the aforementioned object is a drug for an
antibody therapy of cancer, which comprises any one type or
a mixture of two or more types of the following peptides of
(a) to (d) and an antibody drug as active ingredients:

{a) a peptide having the amino acid sequence of SEQ ID NO:
2;

(b) a peptide having the amino acid sequence of the amino




anti body therapy of cancer, which conprises any one

type or a mxture of two or nore types of the

foll owing peptides of (a) to Mand an antibody drug

as active ingredientst (a) a g@ptide havi ng the am-no

aci d sequence of SEQ I D NO (b) a peptide having

the am no aci d sequence of the am no 10 acid nunbers

36 to 60 in the amino acid sequence of SEQID NO 1,

apidhniimbeudes6stbst0t i i tine ateles | &did agliddide @f SEQ ID
one-or _nore anm no acid residues, and
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e 6 Og%Cf? CRHIER i ncl udes

sequence O

seipsai petbt ofe l(ii@drﬁﬁg Ofhe adlitd Qb sddiaic YF %fEQOFi% NO:
or nore am no acid residues, and having an action of

%nhan0|ng cytotoxic activity of an anti body. drug in
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15) The aforementioned antibody drug is an anti-CD20
antibody, anti-HER2 monoclonal antibody or anti-17-1A
(human tumor-related epithelial cell adhesion factor)
antibody.

16) The aforementioned cancer is a cancer having resistance
to an antibody drug.

The present invention relates to a drug for enhancing
cytotoxic activity of an antibody drug in an antibody
therapy of cancer, which comprises a lactoferrin
hydrolysate mixture, a partial peptide of lactoferrin that
can be isolated from the lactoferrin hydrolysate mixture or
a partial peptide of lactoferrin that can be prepared by
chemical synthesis or the like as an active ingredient, and
target tumor cells can be efficiently killed or injured by
enhancing cytotoxic activity of complement and antibody
drug.

Furthermore, the drug of the present invention also




can be isolated fromthe |actoferrin hydrol ysate

m xture or a partial peptide of lactoferrin that can
be prepared by chem cal synthesis or the |ike as an
active ingredient, and target tunor cells can be
efficiently killed or injuredldy enhancing cytotoxic
activity of conplenent and anti body drug.

Furthernore, the drug of the present invention also 11

has an effect of recovering eytotoxis astivity &Ff
and antibody drug, in particular, "agal nst

enmen
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effect as that of the aforerentio when 7t
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the I.nvention Hereafter, preferred
Qﬁ%gé{% s GPY RE SFESERT invention will be
expl ai ned in detall. However, the present invention
is not limted to the preferred enbodi nents descri bed

BRSESWPESERERT ION PFeBHE RBAWINEd within the scope of
the pregent LAYRBLEPFact ol PLESEM 1 rin hydrolysate

mixture and a partial peptide of lactoferrin of the present
invention on cytotoxic activity of rituximab against Raji
cells. The symbol "*" denotes t < 0.001 relative to Medium
(culture broth).

Best Mode for Carrying Out the Invention

Hereafter, preferred embodiments of the present
invention will be explained in detail. However, the
present invention is not limited to the preferred
embodiments described below and can be freely modified
within the scope of the present invention. In the present
specification, percentage is used on mass basis unless
otherwise indicated.

The active ingredient of the drug for enhancing
Cytotoxic activity of an antibody drug in an antibody
therapy of cancer or the drug for an antibody therapy of

cancer of the present invention (henceforth also referred




speci fication, percentage is used on mass basis unl ess

ot herwi se indicated. The active ingredient of the drug

for enhancing cytotoxic activity of an anti body drug

in an anti body therapy of cancer or the drug for an

anti body therapy of cancer df the present invention

(henceforth also referred 12 to sinply as "the drug of

the present invention") is a lactoferrin hydrolysate

thasimpiybesobthenadulyohythe! yzésent | AoFaf €rsh M W i hy
hydrol yti c. enzynme and has an action of enhancing
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as lp%%t’i eré‘é{’)t? ECHCE L ANGSE9rth glpo Fefignyelt to as

has&DgréPeimh ' GNEAGE word D)

pepti de havi ngf?ﬂ?%?naﬁ% acid ségfq)ugﬁchE{r% |>!’t%eeZ‘ZaYan;enooraa

BEXHuRR vl rEvg 6o gneee | tynedwe ofivitie a‘rdld_o&e‘mgemza?)tﬁfdes of

. ' | ncl.udes substitytion, deletiaon,

g%gi %?o%dmh%%zg%ﬁq]o#bfa er(ﬁfjerrﬂ%eéi R addFtial

- pepstiliesyf dctthesdmgiam) : acti on of enhancing cyt ot oxi ¢

activity of an antibody drug in an antibody therapy

@"1‘) c%r&‘%}t,lqe( Bavainge dlieg@miag ¢ itdh seamenseaoifd SEQ ID NO:

sequence of SEQ ID NO 3; (d) a peptide having the

am no acid sequence of the amno acid nunbers 36 to

6% i napdigle devdciad equedice ati8FEQehRende of, tWai 6Rino

ubsti tutiqn, deletion, addition or
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an antibody drug in an antibody therapy of cancer.
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action of enhancing cytotoxic activity of an antibody drug

in an antibody therapy of cancer:;
(c) a peptide having the amino acid sequence of SEQ ID NO:
3;
(d} a peptide having the amino acid sequence of the amino
acid numbers 36 to 61 in the amino acid sequence of SEQ ID
NO: 1, which includes substitution, deletion, addition or
inversion of one or more amino acid residues, and having an
action of enhancing cytotoxic activity of an antibody drug
in an antibody therapy of cancer.

SEQ ID NO: 2 corresponds to the amino acid numbers 36
- To 60 in SEQ ID NO: 1. Furthermore, SEQ ID NO: 3
corresponds to the amino acid numbers 36 to 61 in SEQ 1D
NO: 1.

In the present invention, the term “antibody drug
used for an antibody therapy of cancer” means a drug that
contains an antibody binding to a surface of a cancer cell

as an active ingredient and kills or injures the cancer




to 60 in SEQID NO 1. Furthernore, SEQ ID NO 3
correspondscio the am no acid nunbers 36 to 61 in SEQ
ID NO 1. In the present invention, the term
"antibody drug used for an antibody therapy of
cancer" nmeans a drug that cobh¥ains an anti body _
binding to a surface of a cancer cell as an active
ingredient and kills or injures the cancer 13 cell by

lvieddi iy ofi ridig Alo®r &R LHiFRRRMeARE bRRAY AhRi bBGy £3NEEL
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antiboE§n§$g TSR 1 1FentiQR e they eyarassion denhapcing
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drug of tunor cells having resistance to the aﬁilﬁghy
WAGICHRAt CY SOt ok var i gl ty takt e canstcitbodgt yireig itnth%n
' drug. Furthernore, e
h rod N tIP gy . 3 . :
oToodt ool oy el et Y AaRsp A ction of
Freeeep Lérean h @SS tan et tibaly g0 Okian apt 'il?ﬁq¥*e
Mg or conpl nt to kill or injure tumor cel[s_ -
e ST AT 1 3 GHIOmER dncaeasinarsens ibhatty to
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cells do not incur the action. Furthefnore,
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HE I NGRS D dnc AR BIRD! 41og!
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- epirers Sfiaot dhmving resistance to an antibody drug” means
having resistance to an action of an antibody drug or
complement to kill or injure tumor cells (cytotoxic
activity). 1In other words, it means that the
aforementioned action may be weak, or the tumor cells do
not incur the action. Furthermore, resistance to an
antibody drug is not limited to resistance caused by a
complement regulatory factor, and include resistance to an
antibody drug caused by other factors.

A lactoferrin hydrolysate mixture and a partial
peptide of lactoferrin that can be isolated from the
lactoferrin hydrolysate mixture {(lactoferrin partial
peptide), the active ingredient of the drug of the present
invention, can be prepared by using lactoferrin as a
starting material. As lactoferrin, there can be used

commercially available lactoferrins and lactoferrins

obtained from colostrum, transitional milk, nature milk or




A lactoferrin hydrolysate m xture and a parti al

peptide of lactoferrin that can be isolated fromthe

| actof errin hydrolysate m xture (lactoferrin partia
peptide), the active ingredient of the drug of the

present invention, can be prebhred by using

lactoferrin as a starting material. As lactoferrin,

there can be used commercially available lactoferrins
drith o decdfedricimanilabiofi madmbl 8N €6L08kEMPY e, human, bovine
E{%Q%btkonﬁkﬂn]lk’ nature mlk or 14 late |actation
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49814 ﬁﬁﬂﬁpl of e nethod for preparing a
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hg?ggﬁg§g622?¥ egrEQSEnggﬁnggefn£§§é§£§{ré? %ﬁg drug of
the present invention, by using such lactoferrin include a
method of hydrolyzing lactoferrin with a hydrolytic enzyme
or the like in a conventional manner. As for specific
method, the enzyme used for the hydrolysis of lactoferrin
may be any hydrolytic enzyme so long as it is an enzyme
that decomposes lactoferrin to produce peptides having an
action of enhancing cytotoxic activity of an antibody drug
in an antibody therapy of cancer or a mixture thereof.

Examples of the hydrolytic enzyme include pepsin,
pancreatine, trypsin, chymotrypsin, proteases derived from
Aspergillus oryzae or Streptomyces griseus and so forth.
One or more types of hydrolytic enzymes may be used. When
two or more types of enzymes are used, the enzymatic

reactions may be performed simultaneously or separately.

In the present invention, pepsin is particularly preferably




action of enhancing cytotoxic activity of an antibody
drug in an antibody therapy of cancer or a mxture
thereof. Exanples of the hydrolytic enzynme include
pepsin, pancreatine, trypsin, chynotrypsin, proteases
“derived from Aspergill us or¥zae or Streptonyces
griseus and so forth. One or nore types of hydrolytic
enzymes may be used. When two or nore types of

enzyhesFarehusmdrettheﬂ§YH§EBCpo§§§P%EOP§ H?%egg endo-type

performed sinultaneously or separate
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| act of or ri n h&d%ol%ga%e ﬁ?ﬁ?ﬁ?g?aF em%EE?E%'_the active
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I L 6 to 20% particularly
8eQradaion take 15 BrREhibldt i oht dartioprarin
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Degradation rate M = (Fornol “nitrogen ¢ont (
thet il e 4t dle Sorred Widnrad ipme erthed dear.adat MeRsuda

tg thal z ic reaction may bhe
e o o R, e YEogbbd, SRenose o i Rares
Mol umeac tm.v #470n Yofkend® €OZYMetdD, 1970) and using these

measured values in the following equation.

Degradation rate (%) = (Formol nitrogen content

/Total nitrogen content} x 100

When a preferred degradation rate is attained, the

- enzymatic reaction may be terminated. The enzymatic
reaction can be terminated by inactivation of the enzyme 1in
the hydrolysis solution, which can be carried out by a heat
inactivation treatment in a conventional manner. The
heating temperature and retention time of the heat
inactivation treatment can be suitably selected as
conditions enabling sufficient inactivation taking into
account thermal stability of the used enzyme, and, for
example, the inactivation can be performed in the

temperature range of 80 to 130°C for a retention time of 30




t he hydrol ysis solution, which can be carried out by a

heat inactivation treatnment in a conventional manner.

The heating tenperature and retention tine of the

heat inactivation treatnent can be suitably sel ected

as conditions enabling suffit®ent inactivation taking

into account thermal stability of the used enzyne,

and, for exanple, the inactivation can be perforned
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retention tinme of 30 16 mnutes to 2 seconds. e
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ny |, e of P r Scj ence, Japan,_ ed.,
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Kégaku Dozin Co., Ltd., 1978), the nunmber average

nmol ecul ar_wei ght represents an average nol ecul ar
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hsilgs adieaiirs ia ietMrogendoube sabEB8hice, and the molecular
weights of individual molecules have a distribution.
Therefore, the molecular weight of a protein hydrolysate
needs to be represented by an average molecular weight for
bhysicochemically addressing it. The number average
molecular weight (henceforth also abbreviated aé Mn) is an
average with regard to the number of molecules. When the
molecular weight of a peptide chain i is Mi, and the number
of molecules thereof is Ni, Mn is defined by the following

equation:

- Equation 1

The lactoferrin hydrolysate mixture obtained as




of nolecules thereof is Ni, M is defined by the _
followi ng equation: Equation 1 Mr =Y, M N / Y N
i=11i=1 The lactoferrin hydrolysate m xture obtained
as 17 described above can be utilized as an active

i ngredient of the drug of th@7present_invent|on as it
is, or can be |yophilized or spray-dried in a
conventional manner and stored as powder.
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peptide. having the am no acid sequence o

aci d SRARIIC Fxanples @$E©hBDaN@me&bntioabﬂo1aethEEd1n
I ri K F6Q forenenti gne
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| actoferrin F36:A61. \Wen peptides conprising both
E}ca‘c‘i SEIIIPERE: #E WhdiO:adt 6herni AnFSeanencer bissédg and
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- iFalA0y to &I ti; Xbel affiact ebédr saghdfice of SEQ ID NO: 1

shown in Sequence Listing (SEQ ID NO: 2). Hereinafter, the
peptide having the amino acid sequence of the amino acid
numbers 36 to 60 (SEQ ID NO: 3) is also referred to as
lactoferrin F;,-F,,, and the aforementioned peptide having
the amino acid sequence of the amino acid numbers 36 to 61
is also referred to as lactoferrin Fig-Ag;.

When peptides comprising both the lactoferrin Fi6-Feo
and lactoferrin F;;-A,, are used as the active ingredients,
the mixing ratio of the lactoferrin F34-F¢y and lactoferrin
F36-A61 is preferably 1:20 to 20:1 (lactoferrin F,, -

Fso: lactoferrin F,4-A, ), particularly preferably 1:10 to
2:3 (lactoferrin F;,-F,,:lactoferrin Fag-Rg1) -

The lactoferrin partial peptide, specifically the
lactoferrin F,;-F,, and/or lactoferrin Fis-Ag;;, can be
prepared, for example, according to the method for
producing lactoferricin described in Japanese Patent lLaid-
open (Kokai) No. 5-238948 by using a lactoferrin

hydrolysate mixture prepared as described above as a




F60: | actoferrin F36-A61) , particularly preferably
1:10 to 2:3 (lactoferrin F36-F60: |actoferrin

F36- A61) The lactoferrin partial peptide, specifically

the Jlactoferrin F36-F50 and/or lactoferrin F36-A61,

can be prepared, for exanplé#‘accprding to the nethod

for producing lactoferricin described in Japanese

Pat ent Lai d- open (Kokai) No. 5-238948 by using a
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bove as a 18 starting material. Further, the
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obt ai ned by preparing suitable prinmers on the basis
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Furthermore, usual genes may contain a mutation such
as substitution, deletion, insertion, addition or inversion
of one or more nucleotides at one or more positions due to
difference in species, genus, individuals and so forth, and
amino acid residues of a protein encoded by a gene having
such a mutation may also have a mutation. The lactoferrin
- F36-Fgp and lactoferrin F,4-A,; that can be used for the
bPresent invention inéluding such a mutation also fall
within the scope of the present invention so long as the
action of enhancing cytotoxic activity of an antibody drug
in an antibody therapy of cancer having resistance is not
degraded. The number of substituted, deleted, inserted,

added or inverted amino acid residues that may be included

in the lactoferrin ¥,;,-F,, or lactoferrin Fi.-Ag is




such a mutation may al so have a nutation. The

| actoferrin F36-F60 and | actoferrin F36-A61 that can

be used for the present invention including such a
mutation also fall wthin t § scope of the present

I nvention so long as the on of enhanci ng

cytotoxic activity of an antlbody drug in an anti body

t herapy of cancer having resistance is not degraded.
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than the Jactoferrin F36-F60 or |lactoferrin F36-A61,
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propidium iodide (PI, Dojindo, catalog No. P378) [Cytometry,
Vol. 8, No. 4, pp.421-426, 1987] or a method using calcein-
AM (Dojindo, catalog No. 341-07901) [Apoptosis, Vol. 3, No.
3, pp-195-202, 1998]. In the examples described later, the
measurement method will be explained in detail.

As the drug of the present invention, a lactoferrin
hydrolysate mixture or a lactoferrin partial peptide can be
orally orx parenterally administered to a mammal including
human in combination with a pharmaceutically acceptable
carrier for pharmaceutical preparations. As the drug for
an antibody therapy of cancer of the present invention, an
antibody drug is further used in combination with the
aforementioned components. The dosage form of the drug of
the present invention is not particularly limited, and can

be suitably selected depending on the purpose of




As the drug of the present invention, a lactoferrin
hydrol ysate m xture or a lactoferrin partial peptide
can be orally or parenterally admnistered to a
mamal including human in cggbination with a
pharmaceutically acceptable carrier for

phar maceuti cal preparations. As the drug for an

antl body therapy of cancer of the present invention,
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bi nders, disintegrating agents, |ubricants,
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W th ant i'body drug:

The administration tlme of the drug of the present
invention is not particularly limited, and it can be
administered before or after administration of an antibody
drug or simultaneously with an antibody drug. The
administration time can be suitably selected according to
the method of therapeutic treatment foxr the objective
cancer type. The administration method is suitably
selected also depending on the dosage form, age, sex and
other conditions of patients, severity of symptoms of
patients and so forth.

The dose of the active ingredient contained in the
pharmaceutical preparation of the present invention is
suitably selected depending on the administration methoed,

age, sex and severity of disease of patients, other

conditions and so forth. The dose of the lactoferrin




adm nistration tinme can be suitably sel ected according

to the nethod of therapeutic treatnent for the

obj ective cancer type. The administration nmethod is
suitably selected also depegging on the dosage form

age, sex and other conditio of patients, severity

of synptons of patients and so forth. The dose of the
active ingredient contained in the pharnaceutica
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portions. The drug of the present invention is useful
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anti body"drug of the  _present invention can al so be
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I n partl cul ar, cancer havi ng resistance to an
ennarsuchg dxyu:@tammg adid vdftor edeani snsdbeodrcdryg of the

present invention can also be further administered. The
drugs of the present invention exhibit extremely marked
efficacy against, in particular, cancer having resistance
to an antibody drug among the aforementioned cancers.
Examples of the antibody drug usable for the present
invention include an anti-CD20 antibody (rituximab), anti-
HER2 monoclonal antibody (trastuzumab), anti-17-1A
{adhesion molecules of human epithelioma) antibody
{edrecolomab) and so fofth. In addition, antibody drugs
usable in antibody therapy for cancer therapy can also be
used. Moreover, not only the presently known antibody
drugs, but also antibody drugs to be developed in future
can also be used.

The drugs of the present invention are preferably
used in antibody therapy together with an antibody drug (it

is not limited whether they are simultaneously administered




Exanpl es of the antibody drug usable for the present
i nvention include an anti-CD20 anti body (rituxi mab),
anti- HER2 nonocl onal antibody (trastuzunab),
anti-17-1A (adhesion nol ecules of human epitheliom)
anti body (edrecolomab) and so forth. In addition,
Anti body drugs wusable in antibody therapy for cancer
therapy can al so be used. Mrreover, not only the
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deghadedoraNdnliPprbgede 9T o frERK £85aP8r drink are not
particularly limited so long as the effect of the active
ingredient is not degraded, and the food or drink can be
" orally ingested, and they can be produced in a conventional
manner by using raw materials usually used for food or
drink except that the aforementioned active ingredient is
added. |
The use of food or drink of the present invention may
be any of various uses for enhancing cytotoxic activity of
an antibody drug uséd for antibody therapy of cancer.
Examples include, for example, use as food or drink useful
for reduction or elimination of a risk factor of cancer, in
particular, cancer having resistance to an antibody drug.
The food or drink of the present invention is also
useful for prevention of a disease caused by a cancer

having resistance to an antibody drug and so forth.




orally ingested, and they can be produced in a

conventional manner by using raw materials usually

used for food or drink except that the aforenentioned
active ingredient is added.,the use of food or drink

of the present invention may be any of various uses

-for enhancing cytotoxic activity of an antibody drug

used for antibody therapy of cancer. Exanples include,
Ferthewnpre, he £eod oud dring iofk tixemyesemdr invention can

éfg\y glll{ O\pa](.') rO\.?Sl Iﬂggéé eo n, OJOH%lrj!C%ktj{O%cé q’.rl}e%feO%a%?l%r 'S0
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invention_is also wuseful for prevention of a disease
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"food or drink containing a compound having an effect of
enhancing cytotoxic activity of an antibody drug used for
antibody therapy of cancer”, or “"food or drink containing a
‘hydrolysate of lactoferrin indicated as ‘For enhancing
cytotoxic activity of an antibody drug used for antibody
therapy of cancer’”, "food or drink containing a
lactoferrin partial peptide indicated as 'For enhancing
cytotoxic activity of an antibody drug used for antibody
therapy of cancer’”, “"food or drink containing a
hydrolysate of lactoferrin indicated as 'For enhancing
cytotoxic activity of an antibody drug used for antibody
therapy of cancer’'”, "food or drink containing a
lactoferrin partial peptide indicated as 'For enhancing
cytotoxic activity of an antibody drug used for antibody
therapy of cancer’”, or the like. 1In addition, because the

compounds, compositions and so forth of the present




anti body therapy of cancer”, or "food or drink

containing a hydrolysate of lactoferrin indicated as

"For enhancing cytotoxic activity of an antibody drug
used for antibody therapy of,cancer'”, "food or drink
containing a lactoferrin partial peptide indicated as
"For enhancing cytotoxic activity of an antibody drug
used for antibody therapy of cancer'", "food or drink
o inmdgave i rasition @fofenbagicdnsr eYhotegicapedigdty of
'For enhanci dvidy . af antd ru

an. an J.g)r B! téllg‘]o%yc}get%rt]gr&gp )?%o bod# tﬁe,rﬁgyf gg d B%ﬁ%gé Yhe

ooy aniddink JdRciHy @rdgeniarinventient cda bedunﬂhedtaﬂ as
' For enhancing cytotoxic activity of an antibody dr

Lﬁ‘sceta @frmawn%fdgxott%%pwdfvwn@ér an agtiprdy FE@H dsed
,ﬁ.?éiaélbé?e cppounds, corrp05| tions and
f(ntﬁ16§&t e sent 24 |nvent|on have an action of
enhanmheg mumuforasulcw By dhdigatanthi bsdsieacugbaéedbove
for antlbod her a f. canc f ood or. Kk of
A RIS [ S 6 (500108, S3P4eso1pE, "Fox

r{% Al RAlibvithy oFf aaN adittibeagy ddaggueeadfor
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the present 1'nvention. As such a wording,

aIidivciatg mmmmﬁwmmmgegnhanb@mngféeﬁ% Fers

t BACTe! ni_z anC| eff for t ot QXi ctivi

B PR 150 ﬁh usedaPOr 2N |808§ F%ér%og %b¥&BXdY
ARy U Ahriey |draray1 @fixdniane bg ehhaﬁblhgr ef@iect for
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ugEnERd E01 ARItIFedyr ShesRBipPE, caRcer is
also p0551ble. Examples include, for example, an
indication "Useful for reduction and elimination of risk
factors of cancer having resistance to an antibody drug
etc.” In addition, in the aforementioned indication, the
wording of “used for antibody therapy of cancer” may be
omitted.

The aforementioned term “indication” include all
actions for informing consumers of the aforementioned use,
and any indications reminding or analogizing the
.aforementioned use f£all within the scope of the
"indication” of the present invention regardless of purpose,
content, objective article, medium etc. of the indication.
However, the indication is preferably made with an
expression that allows consumers to directly recognize the

aforementioned use. Specific examples include actions of

indicating the aforementioned use on goods or packages of




i ndication "Useful for reduction and elim nation of
risk factors of cancer having resistance to an

anti body drug etc." In addition, in the

af orementi oned i ndication, t%g wor di ng of "used for
anti body therapy of cancer” y be omtted. The

af orenenti oned term ui ndi cation" include all actions
for inform ng consuners of the aforenentioned use,
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aforenentioned use fall within the_scope of the .
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Examples of the indication further include, for

example, indications as health food, functional food,

enteric nutritive food, food for special dietary uses, food
with nutrient function claims, quasi-drug and so forth as
-well as indications approved by the Ministry of Health,
Labor and Welfare, for example, indications approved on the
' basis of the system of food for specified health uses and
similar systems. Examples of the latter include
indications as food for specified health uses, indications
as food for specified health uses with qualified health
claims, indications of influence on body structures and
functions, indications of reduction of disease risk claims
and so forth, and more precisely, typical examples include
indications as food for specified health uses (especially
"indications of use for health) provided in the enforcement

regulations of Health Promotion Law (Japan Ministry of



Exanpl es of the indication further include, for
exanpl e, indications as health food, functional food,
enteric nutritive food, food for special dietary uses,
food with nutrient function éains, quasi -drug and so
forth as .well as indicatio approved by the

Mnistry of Health, Labor and Wl fare, for exanple,

i ndi cati ons approved on the basis of the system of
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Exprepleshs, indications of reduction of disease risk
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and S|nllar ‘i ndi cations. Exanples
Hereafter, the present invention will be further

ecificall expl ain by referring to the foll ow ng
@%ﬁﬂﬁ? ‘?%d%ﬁ%Fﬁ' ﬁg present invention is not
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Exanpl e 1] Preparation of lactoferrin hﬁgrol ysate
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hydrol ysis was all owed at 37C for 4 hours. Then, the
{Difco) was added at a ratic of 3 mass % of the substrate,
and hydrolysis was allowed at 37°C for 4 hours. Then, the
reaction mixture was heated at 80°C for 15 minutes to
inactivate the pepsin, and 1 N sodium hydroxide was added
to adjust the reaction mixture te pH 7.0. The insoluble
éubstances was removed by filtration, and the filtrate was
spray-dried to prepare about 1.9 kg of powdered lactoferrin

hydrolysate. The decomposition rate of the produced

lactoferrin hydrolysate mixture was 10%.

[Preparation Example 2]
Preparation of lactoferrin hydrolyzed peptide

A starting material prepared in the same manner as in
Preparation Examble 1 {(lactoferrin hydrolysate mixture) in
an amount of 600 g was dissolved in distilled water at a
concentration of 5 mass %. About 3000 ml of a hydrophobic

carrier (Butyl TOYOPERL 650 M, trade name, TOSOH CORP.) was




reaction m xture was heated at 80C for 15 minutes to
i nactivate the pepsin, and 1 N sodi um hydroxi de was
added to adjust the reaction mxture to pH 7.0. The
i nsol ubl e substances was renpved by filtration, and
the filtrate was spray- dried’to prepare about 1.9 kg
of powdered lactoferrin hydrolysate. The
deconposition rate of the produced |actoferrin
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Preparation of lactoferrin hydrolyzed peptide A
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was | oaded on the colunmm. Then, the colum was

%LH?lQﬁe%ﬂQ®' washed by using water at a flow rate of
400 md\g h}l 10! Hﬁo?;bﬁQEQBEBEOQEct QSlg’a\ZQ’snﬂo ded on

solutlon at 280 became 0706 or |ess. quent
ﬂhbrnuﬂumguﬁqxﬁﬂune(1aﬂnqianxim badaed lymedt peptddenm the

te | act of ol i d
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(i duree of 117777 geardss quhuﬁe o#f 0Q11MMageeticCaagiad++g23
823 parts by volunme o 2 M sodium primary
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Henthyslfdpdrgbianddarhd drastasf €idiled in a column and washed

with 6000 ml of the same buffer, and the lactoferrin
hydfolyzed peptides were eluted with 9000 ml of McIlvaine
buffer (mixture of 485 parts by volume of 0.1 M acetic acid
+ 515 parts by volume of 0.2 M sodium primary phosphate, pH
5.0)., 10 mM hydrochleoric acid and water was loaded on the
column to regenerate the hydrophobic carrier, and pH of the
eluate was adjusted to 7.0 with 1 N sodium hydroxide
solution. The aforementioned eluate containing the
lactoferrin hydrolyzed peptides was passed through this

| column, and the column was washed with 30 1 of water to
remove salts of the buffer. Then, 10 mM hydrochloric acid
was loaded on the column to elute the lactoferrin
hydrolyzed peptides, which were lyophilized to obtain about
10.5 g of powdered lactoferrin hydrolyzed peptides. Purity
of the obtained lactoferrin hydroiyzed peptides was

measured by HPLC, and as a result, it was found to be 99%.




hydr ol yzed peptides were eluted with 9000 m of

Mcl | vai ne buffer (m xture of 485 parts by vol une of
0.1 Macetic acid + 515 parts by volune of 0.2 M

sodi um prinmary phosphate, pH,g5.0). 10 nM hydrochloric
acid and water was | oaded on"the columm to regenerate
t he hydrophobic carrier, and pH of the eluate was
adjusted to 7.0 with 1 N sodi um hydroxi de solution.
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as aresult, it was confirned that the produce
| actoferrin hydrolyzed peptides contained both the

Eg%gg%% 0 1el,alcf oferrin F36-F60 and |actoferrin

e existence ratio of these peptides
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Hereafter, the present invention will be explained in
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exam ne the effect of "addition of a lactoferrin
WWHridssasanpiiest ure on cytotoxic action of conpl enent

P eparis G ANTG 1 HEPoFEERt ConaRH Y05 AANEEGRE T
1PF@ReT sk td ninenafatiepdoeamie Prepeira tidinC Example 1, of
concentration was adjusted to 1000 pg/m in RPM 1640

W RS HE 2 AT AT Ee aREPS 30 00 Mo g REED, 1640
ﬁéﬁfﬂm {Sigma, catalog numbexr: R8758) containing 7.5% fetal
bovine serum (Gibco, catalog number: 10099-141) and 1%
penicillin-streptomycin (Gibco, catalog number: 15070-063)
[henceforth this solution is referred to as "dilution
solution”]. Furthermore, Control Sample 1 was prepared by
diluting lactoferrin to a concentration of 1000 pg/ml with
the dilution solution.

As target cells for measurement of cytotoxic action
of complement and antibody drug, human Burkitt lymphoma
Raji cells (ATCC CCL-86, obtained from American Type
Culture Collection (10801 University Boulevard, Manassas,
VA 20110-2209, USA)) were used, and the cells were
suspended at a density of 2 x 10° cells/ml by using the
dilution solution to prepare a Raji cell suspension. As an
antibody drug golution, rituximab (Zenyaku Kogyo, sold by

Nippon Roche) that recognizes the CD20 antigen was used,




bovi ne serum (G bco, catal og nunber: 10099-141) and 1%
penicillin-streptonycin (G bco, catal og nunber
15070-063) [henceforth this solution is referred to
as "dilution solution"]. Pghernnre, Control Sanple
1 was prepared by dllutlng ctoferrin to a
concentration of 1000 jig/mM with the dilution
solution.” As target cells for neasurenment of cytotoxic

and i bh wad poegphendrAt &nobomteirhm@tlcdmug;f ﬂ@t@amgﬁ!mlkiutstlng
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and the ceIIs were suspended at a density of 2
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(P1, DOJIndO catalog nunber: P378) [Cytonetry, Vol.
8, No. 4, pp.421-426, 19871 or the nethod using

&) Rdst Am*(f&ﬂl ndo, catal og nunber: 341-07901)
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of the antibody drug solution and 250 pl/well of

gifdup jamered| itsmon SMend. /atddd ofs the antibody drug solution
and 250 pl/well of dilution solution were added as

"Addition of antibody drug”. Further, to wells (6 wells)
of another group, 100 pl of the complement solution and 200
nl of the dilution solution were added as "Addition of
complement”. Furthermore, to wells (6 wells) of another
group, 50 pl of the antibody drug solution, 100 pl of the
complement solution and 150 pl of the dilution solution
were added as "Addition of antibody drug + complement”. To
wells (6 wells)} of the remaining one group, 300 pl of the
dilution solution was added as "No addition”.

For the aforementioned four groups, 100 pl/well of
Test Sample 1 {4 groups x 2 wells), Control Sample 1 (4
groups x 2 wélls) or the dilution solution (4 groups x 2
wells) mentioned above was added as "Test Sample Group 17,

“Control Sample Group 1" and "Negative Sample Group 1°,

respectively.




"Addi tion of antibody drug”. Further, to wells (6
wel I s) of another group, 100 pl of the conpl enent
solution and 200 pl of the dilution solution were
added as "Addition of conpl nt". Furthernore, to
wells (6 wells) of another group, 50 pl of the

anti body drug solution, 100 pl of the conplenent
solution and 150 pl of the dilution solution were
added Bas usAngi tthen 24f wedli bbaye dpugrarednps edestribad

Jells (G ells). ol the neralal ndaghe, gLouBya3000pL F 570 ¢

atdae 2 iR icared deOYiCOgy OFPS, 1 100uplusehd o 1J@mator
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(Napco, catal og nunber: 5300). Then, the cells of each

sanple group mere coIIected and the rate of dead
HS N was exam ned by the aforenentioned
ol ugiﬁ f Cytotoxic activity was cal cul ated

basedTn@ @e@&&@s\/\/ﬁﬂ ehakl tetheatar get skewhsinersble 1. As
killed, which was taken as 100% (3) Test _results The
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s‘aﬂwlté Ghaup M. partzkqyl aha ibewhactehigar that, in
hydrol ysate m xture (Test Sanple Goup 1) narkedly
regfdsedary hdhey decsetergdni hydyolysate mixture (Test

'Sample Group 1) markedly enhanced the cytotoxic activity
(increase of about 50% compared with Negative Sample Group
1). On the other hand, the cytotoxic activity did not
increase in Control Sample Group 1 compared with the
negative sample group, and therefore it was found that the
enhancement of cytotoxic activity was an activity specific

to the lactoferrin hydrolysate mixture.




(i ncrease of about 50% conpared with Negative Sanpl e
Goup 1). On the other hand, the cytotoxic activity
did not increase in Control Sanple G oup 1 conpared
with the negative sanple group, and therefore it was
found that the enhancenent g#‘] cytotoxic activity was
an activity specific to the lactoferrin hydrol ysate
m xture. 31 Table 1 Cytotoxic activity (% Test

Sanpl eCont rol Sanpl eNegat i fab@eoup 1G oup 1lSanpl e
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[Pest Example 2]

This test was performed in order to examine change in
sensibility of target tumor cells cultured with addition of
the lactoferrin hydrolysate mixture during the culture for
cytotoxic activity of complement and antibody drug.

{l1l) Test sample

The lactoferrin hydrolysate mixture prepared in
Preparation Example 1 was diluted to a concentration of
1000 pg/ml with the dilution solution used in Test Example
1 to prepare Test Sample 2.

(2) Test method

The human Burkitt lymphoma Raji cells were suspended
in 6.3 ml of the dilution solution with a cell number of 2
¥ 10° cells/culture flask (BD, catalog number: 35-3014).
As for the above suspension, a group to which 0.7 ml of
Test Samples 2 mentioned above was added (Test Sample Group
2) and a group to which 0.7 ml of the dilution solution was
added (Negative Sample Group 2} were prepared, respectively,
and the cells were cultured for three days under the
conditions of 37°C and 5% carbon dioxide (CO;)} using an

incubator.




x 105 cells/culture flask (BD, catal og nunber:
~ 35-3014). As for the above suspension, a group to
which 0.7 m of Test Sanples 2 nentioned above was
added (Test Sanple Goup 2)_and a group to which 0.7
m of the dilution solution s added (Negative
Sanple Goup 2) were prepared, respectively, and the
cells were cultured for three days under the
condi T Scelf 1 ST ddhbYhearsample gxiodes(@&yeUnewhy added
i ncubator. 32 The cells of both the sanple grou%s wer e
I
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BYStELF1 fSto Al td+pHb 1Qfx 1N td G 19 WaisT exBMABELATBRt Using
and "No addition" used in Test Exanple 1. (3) Test
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Sensr bi @ Cytotoxic activity pro
"conpl enent + anti body drug" was clearly increased in
the group of the target tunor cells cultured for 3
OBy sTef & e i on of the lactoferrin hydrol ysate

mi Xt Ut o TRy 1S LEi E QR t2hreORRaLREWHI {h deBaki ¥e as
Sample G oup 2, and thus it was found that the

eheranty ngperctinm diter idfeised tisn shirewt iBxdaple Z.aéhed on
St A A Prinerd st Hetons oS Bron of
‘admpodyedf UgSh133bd drug” was clearly increased in the
group of the target tumor cells cultured for 3 days with
"addition of the lactoferrin hydrolysate mixture (Test
‘Sample Group 2) compared with Negative Sample Group 2, and
thus it was found that the enhancing action clarified in

Test Example 1 acted on the target tumor cells.

Table 2
Cytotoxic activity (%)
Test Sample Negative Sample
Group 2 Group 2

Addition of

antibody drug 53.9 34.8
+ complement

No addition 1.9 1.5

[Test Example 3]

This test was performed in order to examine the
effect of addition of a lactoferrin hydrolyzed peptide on
the cytotoxicity of complement and antibody drug.

(1) Test samples




+ conpl ement No additionl.91.5 [Test Exanple 31 This
test was perforned in order to exam ne the effect of
addition of a lactoferrin hydrolyzed peptide on the
cytotoxicity of conplenment and anti body drug. (1) Test
sanmpl es 33 The lactoferrin hydrol ysate mixture
prepared in Preparation Exanple 1 was diluted to a
concentration of 1000 pg/m wth the dilution

sol ut ifHe UsRitdferkast Hp@Mlyeatt m9xpuepapeepased in
Sanple 3. Furthernore, the |actoferrin hydrolyzed
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96-wel |l culture plate (NUNC, catalog nunber: 167008)

dinlwtian welwfid) Yl ppmpayel Test0Fampdlel ¢ .each). The
18 wells were divided into two groups, to wells (9
wel | s) of one group, 10 pl/well of the antibody drug

c9) utd HN,metthgd / wel | of the conpl enent solution and 10
pl /well of the dilution solution were added as
" Addi tThéh hymang Burkd gy dvoghemgoRpiénealls weraefnsrended

I f i1 | af 5t I
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"Control Sanple Goup 4" and "Negative Sanple G oup
qp@quﬁﬂg&%4vﬁh9_18 wells were divided into two groups, to
wells (9 wells) of one group, 10 pl/well of the antibody
drug solution, 20 pl/well of the complement solution and 10
1l/well of the dilution solution were added as “Addition of
antibody drug + complement”. To wells (9 wells) of the
remaining group, 40 pl of the dilution scolution was added
as "No addition”. For each of the aforementioned 2 groups,
10 pnl/well of Test Sample 3 (2 groups x 3 wells), Test
Sample 4 (2 groups x 3 Wells) or the dilution solution {2
groups X 3 wells) mentioned above was added as "Test Sample
Group 3", “Control Sample Group 4" and “"Negative Sample
Group 2", respectively.

By using the 96-well plate prepared as described
above, the cells were cultured under the conditions of 37°C
and 5% carbon dioxide (C0;) for 1 hour using an incubator.
Then, the cells of each sample group were collected, and
the rate of dead cells in each was examined by the
aforementioned method using PI. Cytotoxic activity was

calculated based on a case where all the target cells were




By using the 96-well plate prepared as descri bed
above, the cells were cultured under the conditions of
. 37C and 5% carbon dioxide (CO2) for 1 hour using an
i ncubator. Then, the cells of each sanple group were
collected, and the rate of dtad cells in each was
exam ned by the aforenentioned nethod using Pl
Cytotoxic activity was cal cul ated based on a case
riNgle aldhildie vaay griketeldss were 34 killed, which was
taken as 100% (3) Test results The results of this
test are as shown in Table 3. As «clearly seen from
t-he I in Table 3, it was found that the
(I@ct%%rﬁe%‘ﬂy rolyzed peptide (Test Sanple G oup 4)
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e b oot 250 PP tapoBY 1Bk rEeRE' of phoue 674
doapladfed WinnhyWdgeitivel Sampilet Greupag )exam ned by usi ng
target tunor cells showing different susceptibilities
for cytotoxic activity of conplenent and anti body.

(1) Test sanple The |actofpgihighshydrol ysate m xture

concentrati on |of Cytotoxic. activity (%)
Test Sample |Test Sample |Negative
Group 3 Group 4 Sample Group 2
Addition of
antibody drug 77.4 86.5 51.9
+ complement
No addition -0.1 3.1 -0.5

[Test Example 4]

In this test, cytotoxic activity enhancing action
(recovery of sensibility) of the lactoferrin hydrolysate
mixture was examined by using target tumor cells showing
different susceptibilities foxr cytotoxic activity of
complement and antibody.

{1l) Test sample

The lactoferrin hydrolysate mixture prepared in
Preparation Example 1 was diluted to a concentration of
1000 pg/ml with the dilution solution used in Test Example

1 to prepare Test Sample 5.

(2) Test method
Lymphoma-derived Daudi cells (ATCC CCL-213, obtained

from American Type Culture Collection), Raji cells (ATCC




1000 pg/m wth the dilution solution used in Test
Example 1 to prepare Test Sanple 5. (2) Test nethod
Lynphona- deri ved Daudi cells (ATCC CCL-213, obtained
from American Type Culture Collection), Raji cells
(ATCC 35 CCL- 86, obtained frdm Ameri can Type Cul ture
Coll ection), SKW.4 cells (ATCC TIB-215, obtained
from Anerican Type Culture Collection) and

¢compd reehedinkatl ARh Ahatdldas @APECOOREuI®2 Colakicaiinad ,
from Anerican Type Cul ture Cbllectloé%@ havi ng
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pl .of Test Sanple 5 nentioned above or the dilution
Mk on was further added as "Test Sanple G oup 5"
and"M%ﬁﬂiﬁﬂ%l%ﬁ”%&etﬁEOH?tétoxﬁ@sgéﬁ§b¥€§YWa§yP§§f89med
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were added, and 100 pl of Test Sample 5 menticned above or

the dilution solution was further added as "Test Sample
Group 5" and “"Negative Sample Group 37, respectively.

By using the 24-well plate prepared as described
above, the cells were cultured under the conditions of 37°C
and 5% carbon dioxide (C0O;) for 1 hour using an incubator
(Napco, catalog number: 5300). Then, the cells of each
sample group were collected, and the rate of dead cells in
-each was examined by the aforementioned method using PI.
Cytotoxic activity was calculated based on a case where all

the target cells were killed, which was taken as 100%.

{3) Test results

The results of this test are as shown in Table 4. As
clearly seen from the results shown in Table 4, decrease of
the sensibility to the cytotoxic activity of complement and

antibody by the lactoferrin hydrolysate mixture was not




(3) Test results The results of this test are as shown
in Table 4. As clearly seen fromthe results shown in
Tabl e 4, decrease of the sensibility to the cytotoxic
activity of conplenent and f@tibody by the

| actoferrin hydrol ysate m xture was not 36 confirned
for the Daudi cells, which show a high sensibility to
the cytotoxic activity. For the Raji and SKW5. 4
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drug and recovered the cytotoxic activity of complement and

antibody drug.

Table 4

Cytotoxic activity (%)

Test Sample Group 5 Negative Sample Group 3
Daudi 97.1 96.4
Raji 49.0 27.2
SKW6 .4 38.9 19.8
ARH-77 15.5 0.0

[Test Example 5]

In this test, the lactoferrin hydrolysate mixture,
lactoferrin partial peptide and undecomposed lactoferrin
etc. as control were used as samples to examine effect
thereof on the cytotoxic activity of complement and
antibody drug for target human Burkitt lymphoma Raji cells.
(1) Test samples

The lactoferrin hydrolysate mixture prepared in
Preparation Example 1 was used as Sample A, and the

lactoferrin hydrolyzed peptide {(lactoferrin partial




anti body drug for target human Burkitt |ynphoma Raji
cells. (1) Test sanples The lactoferrin hydrol ysate
m xture prepared in Preparation Exanple 1 was used as
-Sanple A, and the Iactoferr%g hydr ol yzed pepti de
(lactoferrin partial 37 peptide) prepared in
Preparation Exanple 2 was used as Sanple B. Moreover,
as control sanples, commercially avail able bovine
peaactinfey e dbad mag&’zfdﬁdralmablmsﬁmn@de 2 wiag. pswdsas
used as Control A, and % ne sul fate_was usedll
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Is coll ected by centrifugation of a ce
Istm.p)erveia)msm s IEpeaEd 4.n aide prodamidee Suﬁﬁ@ftﬁ was used
(RPM 1640,  10% FCS), counted and then added to a
a3 -Gt 4bﬂﬁte in an anount of 1.0 x 105 cells/well.
To each well, rituximab (10 ng/mM) and 1.0 ng/m as a
final concentration of Sanple A Sanple B., Control A
&) Gart @ethiqdr Medium [culture broth] instead of

the saplse). Wﬁ&pdédq%g lgggr&QﬁﬂlchHgggtﬂobﬂggesﬁ%fgjused
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the fact that dead cells are positiyv inth cl ear,
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;ﬁﬁgggéggtlon of 10%. Then, the cells were cultured in a
CO, incubator for 1 hour, and PI (propidium iodide, 1
mg/ml} was added during the last 15 mninutes of the culture.
After completion of the culture, all the Raji cells were
collected by centrifugation to remove the supernatant, and
the cell were resuspended in 0.5 ml of PBS(phosphate
buffer). The Raji cells that died during the culture were
counted by analyzing the suspension with a flow cytometer
(FACScan) utilizing the fact that dead cells are positive
in the nuclear staining with PI.

In this test, the cytotoxic activity was calculated

in accordance with the following equation.

Cytotoxic activity (%) = (Number of PI positive cells)
/{(Total cell number} x 100

(3) Test results




Cytotoxic activity (% = (Nunber of Pl positive cells)

/[ (Total cell nunber) x 100 (3) Test results 38 The
results of this test are as shown in Fig. 1. As

clearly seen fromthe resultg,shown in Fig. 1, when
Control A was used as a sanple, the cytotoxic

activity [nunber of dead cells (%] was conparable to

t hat observed with Medium (culture broth). In
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Pur e
to Sample B and rich in basic amino acids, it was also

elucidated that the property of the peptide (basicity) did
not necessarily affect the action of enhancing the reaction
by CDC. On the basis of these results, it was found that

the action of enhancing cytotoxic activity of antibody drug
and complement was an action extremely specific to Sample A

(lactoferrin hydrolysate mixture) or Sample B (lactoferrin

partial peptide).

[Preparation Example 3]

Preparation of a drug for cancer therapy utilizing

lactoferrin hydrolysate mixture as active ingredient
Lactose (Maigret, 600 g), maize starch (Nisshin Flour

Milling Co., Ltd., 400 g}, crystalline cellulose (Wako Pure

Chemical Industries, 400 g) and the lactoferrin hydrolysate

mixture produced in Preparation Example 1 (600 g) were

sifted through a 50-mesh sieve (Yamato Scientific), placed




Chem cal Industries, 400 g) and the lactoferrin

hydrol ysate m xture produced in Preparation Exanple 1
(600 g) were sifted through a 50-nmesh sieve (Yanato
Scientific), placed 39 in a pglyethylene bag having a

t hi ckness of 0.5 nm m xed %y inversion and filled in
capsul es (Japan El anco, gelatin capsule No. 1, Op.
Yel | ow No. 6 Body, enpty weight: 75 ng) in an anount

jof RInydapeie Uag beiviigda af ghicknessavifc0.5appul Bwixed

filling machi ne er.e .Pedini re typel..t obt ai n, .
s O BRI el G AADEHISan (PR, EgpRoo? "b8LAtan
G b CYI Ot oreadlohV iNby. @f Baali, bedytgr weight: 75 mg)
[Preparation Exaque 4] Preparation of a drug for .
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added with 20 ml of water and _m xed gge , to the
eRhaNGidY Sy e taxic acddyithnrdr apfibe egrﬂgf' or ehand
t hrough a 48-nesh sieve (Wakanori) was added, and 55 g
of the lactoferrin hydrolyzed peptide prepared in

[Egeuummﬂﬁimn IBenmilee 42 was added and m xed. The

obt ai ned wet SS _wWas | aced on - mes,
T RN R R W R N s R e e L P
IHARIE tirale Hyardiiyddag peptpaepake agtarel eagreandnthe

granul es were quickly and uniformy distributed .
pl ace§rvstalddne: cadudpred (HekosPure Chapiga)sindustries,

Z@Etrggbg,ﬁga i _csyndgg]lg %S-loﬁhﬁinge%aﬂmeeﬁm%a% $hbk8Gnima Meg.

pol yet ne sieve (Wakanori), and
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The granules were made into tablets in a tablet _
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Ml@e% lvﬁdéq%\ﬁd& %nﬁi ﬂiﬁ%ﬁr. o‘f‘hé mé(\iﬂ&i Sedd irﬁ%s was

placed on a 20-mesh sieve (Wakamori) and manually extruded
onto a stainless steel plate for drying to prepare granules,
and the granules were gquickly and uniformly distributed,
placed in a drier and dried at 25°C for two days to obtain
fine granules. These granules were sifted through a 20--
mesh polyethylene sieve (Wakamori), and the granules passed
through the sieve were spread on a large paper sheet, added
with 2 g of magnesium stearate (Kanto Kagaku)} sifted
through a 48-mesh sieve beforehand and made uniform by
manual mixing. The granules were made into tablets in a

" tablet making machine (Kimura Seisakusho, Model KT-2) using
an R pestle having a diameter of 8 mm with setting
compression pressure for the conditions of a tablet making
number of 10, tablet weight of 6.2 g and Monsanto hardness

of 3.5 to 5.0 kg to obtain 16 tablets of the drug having an




conpression pressure for the conditions of a tablet

meki ng = nunber of 10, tablet weight of 6.2 g and

Monsant o hardness of 3.5 to 5.0 kg to obtain 16

tabl ets of the drug having ag 40 effect of enhancing
cytotoxic activity of antibo @ drug contai ni ng about

50% the lactoferrin hydrol yzed peptide. Industria
Applicability Because the active ingredient of the

aff gt o f cantcaicind eryejoit oxded aiot itidypods entt ibodgntirog
can be obtained from .a conmparatively inexpensive ra
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| arge scale. Furthernore, by enhancing cytotoxic
activity of conplenent and anti body drug with the

rag tofiahgpyesemtiiliihyent i on, target tunor cells can
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resistance in cancer therapy. 41 CLAIMS 1. A drug for
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even for a patient having recurrence of a malignant tumor
having resistance to the antibody drug and judged that
therapeutic treatment with the antibody drug is difficult.
This evidently provides a novel guidepost for overcoming

antibody drug resistance in cancer therapy.




hydrol ytic enzynme is pepsin. 3. The drug according to
.claim1 or 2, wherein degradation rate of the

| actoferrin hydrolysate is 6 to 20% 4. The drug

according to any one of cl ai | to 3, wherein the

| actoferrin hydrol ysate has nunber average

nmol ecul ar wei ght of 500 to 5000. 1 5. The drug

according to any one of claims | to 4, wherein the

cancer is any one of breasCLB@Ser, B-cell [|ynphoma

or colon cancer. 6. The drug according to any one of

clains 1 to 5, wherein the cancer is a cancer having

resi st@ange dud hor anhaRedngdicydotbxithacdivity of an
according to any one of clains'l to 6, wherein the

aretilwrdy fdewd airciany anttidiady dheqapyt ©f sknaey, which
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an anti body therapy of cancer, which conprises any
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5. The drug according to any one of claims 1 to 4,
wherein the cancer is any one of breast cancer, B-cell
lymphoma oxr colon cancer.

6. The drug according to any one of claims 1 to 5,
wherein the cancer is a cancer having resistance to the
antibody drug.

7. The drug according to any one of claims 1 to 6,
wherein the action of enhancing cytotoxic activity of the
antibody drug is an action of increasing sensibility of
target cells to the antibody drug.

8. A drug for enhancing cytotoxic activity of an
‘antibody drug in an antibody therapy of cancer, which
comprises any one type or a mixture of two or more types of
the following peptides of ({a) to (d) as an active
ingredient:

(a) a peptide having the amino acid sequence of SEQ
ID NO: 2:

(b) a peptide having the amino acid sequence of the




am no acid nunbers 36 to 61 in the am no acid sequence
~of SEQ ID NGO 1, which includes substitution,
del etion, addition or inversion of one or nore am no
acid residues, and having a? action of enhancing
an

cytotoxic activity of an %body drug in an anti body

therapy of cancer. 9. The drug according to claimS8,
wherein the cancer is any one of breast cancer,
aioed ladidphoiems 36olton 60cdmcdhe d8@inPhacddugequence of
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10. The drug according to claim 8 or 9, wherein the
cancer is a cancer having resistance to the antibody drug.

11. The drug according to any one of claims 8 to 10,
wherein the action of enhancing cytotoxic activity of the
antibody drug is an action of increasing sensibility of
target cells to the antibody drug.

12. Food or drink comprising the drug according to
any one of claims 1 to 11.

13. Food or drink comprising a lactoferrin
hydrolysate that can be obtained by hydrolyzing lactoferrin
with a hydrolytic enzyme and has an action of enhancing
cytotoxic activity of an antibody drug used for an antibody
therapy of cancer and attached with an indication that the
food or drink is used for enhancing cytotoxic activity of
an antibody drug used for an antibody therapy of cancer.

14. A drug for an antibody therapy of cancer, which

comprises a lactoferrin hydrolysate that can be obtained by




wherein the lactoferrin hydrol ysate has a nunber
average nolecul ar weight of 500 to 5000. 18. The drug
according to any one of clainms 14 to 17, wherein the
anti body drug is an anti-CIﬂ% anti body, anti- HER2
nonocl onal anti body or anti - % I A (human tunor-rel ated
epithelial cell adhesion factor) antibody. 19. The
drug according to any one of clains 14 to 18, wherein
hydrokrgiarg i et afemedn ﬁr@mh@ hydirelykée epzyme and an
JbO r r nti body thera of
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antibody drug.

20. A drug for an antibody therapy of cancer, which
comprises any one type or a mixture of two or more types of
the following peptides of (a) to (d) and an antibody drug
as active ingredients:

{a) a peptide having the amino acid sequence of SEQ
ID NO: 2;

(b) a peptide having the amino acid sequence of the
aﬁino acid numbers 36 to 60 in the amino acid sequence of
SEQ ID NO: 1, which includes substitution, deletion,
addition or inversion of one or more amino acid residues,
and having an action of enhancing cytotoxic activity of an
antibody drug in an antibody therapy of cancer;

(c) a peptide having the amino acid sequence of 5EQ
1D NQ: 3;

(d) a peptide having the amino acid sequence of the
amino acid numbers 36 to 61 in the amino acid sequence of

SEQ ID NO: 1, which includes substitution, deletion,



epithelial cell adhesion factor) antibody. 22. The

drug according to claim20 or 21, wherein the cancer

is a cancer having resistance to the anti body drug.

23. Use of a lactoferrin hydgplysate that can be
obt ai ned by hydrolyzing lactoferrin with a hydrolytic
enzyme and has an action of enhancing cytotoxic
activity of an antibody drug in an antibody therap
astdiddieserorf dmvers 1opr ofuSNicoRToMOFedATFNPORACEAN 5ﬁ6#ﬁ§}eﬁ:
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